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SUMMARY

Final Environmental Statement
Department of the Interior, Office of the Secretary

1.

2.

Administrative type of action:

Brief description of action:

This action would make available for private development up to six
leases of public o0il shale lands of not more than 5,120 acres each.
Two tracts are located in each of the States of Colorado, Utah, and
Wyoming. ) :

Such leases would be sold by competitive bonus bidding and would
require the payment to the United States of royalty on production.
Additional oil shale leasing would not be considered until develop—
ment under the proposed program had been satisfactorily evaluated
and any additional requirements under the National Environmental
Policy Act of 1969 had been fulfilled.

Summary of environmental impact- and adverse environmental effects:

0il shale development would produce both direct  and indirect changes
in the environment of the oil shale region in each of the three States
where commercial quantities of oil shale resources exist. Many of the
environmental changes would be of local significance, and others would
be of an expanding nature and have cumulative impact. These major
regional changes will conflict with uses of the other physical re-
sources of the areas involved. TImpacts would include those on the
land itself, on water resources and air quality, on fish and wildlife
habitat, on grazing and agricultural activities, on recreation and
aesthetic values, and on the existing social and economic patterns

as well as others. The envirommental impacts from both prototype
development at a level of 250,000 barrels per day of shale oil and

an industry producing a possible 1 million barrels per day by 1985

are assessed for their anticipated direct, indirect and cumulative
effects.

Alternatives considered:

Government development of public oil shale lands.
Change in number and location of tracts to be leased.
Delay in development of public o0il shale lands.

No development of public oil shale lands.

. Unlimited leasing of public oil shale lands.

. Obtaining energy from other sources.

HET QW

Comments have been requested from the following:

Federal agencies, State agencies, and private organizations listed
in Volume IV, Section F.

Date made available to the Council on Environmental Quality and the
Public:

Draft Statement: September 7, 1972

Final Statement: August 1973 :



INTRODUCTORY NOTE

THIS FINAL ENVIRONMENTAL STATEMENT HAS BEEN PREPARED PURSUANT
TO SECTION 102 (2) (C) OF THE NATIONAL ENVIRONMENTAL POLICY ACT OF
1969 (42 U.S.cC. SECS; 4321-4347). ITS GENERAL PURPOSE IS A STUDY
OF THE ENVIRONMENTAL IMPACTS OF OIL SHALE DEVELOPMENT.

THE SECRETARY OF THE TNTERIOR ANNOUNCED PLANS ON JUNE 29, 1971,
FOR THIS PROPOSED PROGRA& AND RELEASED A PRELIMINARY ENVIRONMENTAL
STATEMENT, A PROGRAM STATEMENT, AND REPORTS PREPARED BY THE STATES
OF COLORADO, UTAH, AND WYOMING ON THE ENVIRONMENTAL COSTS AND
PROBLEMS OF OIL SHALE DEVELOPMENT.

THE PROPOSED PROGRAM IS IN CONCERT WITH THE PRESIDENT'S ENERGY
MESSAGE OF JUNE 4, 1971, IN WHICH Hﬁ REQUESTED THE SECRETARY OF THE
~ INTERIOR TO INITIATE "A LEASING PROGRAM TO DEVELOP OUR VAST OIL
SHALE RESOURCES, PROVIDED THAT ENVIRONMENTAL QUESTIONS CAN BE
SATISFACTORILY RESOLVED."

AS PART OF THE PROGRAM, THE DEPARTMENT AUTHORIZED INFORMATIONAL
CORE DRILLING AT VARIOUS SITES IN COLORADO, WYOMING, AND UTAH AND
16 CORE HOLES WERE COMPLETED. THE DEPARTMENT REQUESTED NOMINATIONS
OF PROPOSED LEASING TRACTS ON NOVEMBER 2, 1931, ANDlA TOTAL OF 20
INDIVIDUAL TRACTS OF OIL SHALE LAND WERE NOMINATED. WITH THE CON-
CURRENCE OF THE CONCERNED STATES, THE DEPARTMENT OF THE INTERIOR
ANNOUNCED ON APRIL 25, 1972, THE SELECTION OF SIX OF THESE TRACTS,
TWO EACH IN COLORADO, UTAH, AND WYOMING.

THE PROGRAM IS ESSENTTALLY UNCHANGED FROM THAT ANNOUNCED ON

JUNE>29, 1971, BUT THE PRELIMINARY STATEMENT ISSUED AT THAT TIME
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- WAS EXPANDED TO CONSIDER-THE IMPACT OF MATURE OIL SHALE DEVELOPMENT,
THE IMPACT OF DEVELOPMENT OF THE SIX SPECIFIC TRACTS; AND A COMPRE~
HENSIVE ANALYSIS OF OIHER ENERGY ALTERNATIVES.

THE DRAFT OF THIS FINAL ENVIRONMEﬁTAL STATEMENT WAS RELEASED
TO THE PUBLIC ON SEPTEMBER 7, 1972. A PUBLIC REVIEW PERIOD'WAS
HELD THAT ENDED ON NOVEMBER 7, 1972. THIS REVIEW PROVIDED IMPORTANTY
INFORMATION UPON WHICH TO EXPAND AND CORRECT, WHERE APPROPRIATE,
THE DRAFT MATERTIAL.

VOLUME I OF THIS FINAL SET OF SIX VOLUMES PROVIbES AN ASSESS-
MENT OF THE CURRENT STATE OF OIL SHALE TECHNOLOGY AND DESCRIBES THE
REGIONAL ENVIRONMENTAL IMPACT OF OIL SHALE DEVELOPMENT AT A RATE OF
ONE MILLION BARRELS PER DAY BY 1985. VOLUME II EXTENDS THIS STUDY
WITH AN EXAMINATION OF ALTERNATIVES TO THE ONE MILLION BARREL PER
DAY LEVEL OF SHALE OIl, PRODUCTION. VOLUMES I AND IT THUS CONSIDER
THE REGIONAL AND CUMULATIVE ASPECTS OF A MATURE OIL SHALE INDUSTRY.

VOLUME III EXAMINES THE SPECIFIC ACTION UNDER CONSIDERATION,
WHICH IS THE ISSUANCE OF NOT MORE THAN TWO PROTOTYPE OIL SHALE
-LEASES IN EACH OF THE THREE STATES OF COLORADQ, UTAH, AND WYOMING.
ITS FOCUS IS ON THE SPECIFIC ENVIRONMEﬁTAL IMPACTS OF PROTOTYPE
DEVELOPMENT ON PUBLIC LANDS WHICH, WHEN COMBINED, COULD SUPPORT A
PRODUCTION POTENTIAL OF ABOUT 250,000 BARRELS PER DAY.

VOLUME. IV DESCRIBES THE CONSULTATION AND COORDINATION WITH
OTHERS IN THE PREPARATIQN OF THE FINAL STATEMENT, INCLUDING COM-
MENTS RECEIVED AND THE DEPARTMENT'S RESPdNSES. - LETTERS RECEIVED
DURING THE REVIEW PROCESS ARE REPRODUCED IN VOLUME V, AND ORAL

TESTIMONY IS CONTAINED IN VOLUME VI.



THIS DOCUMENT IS BASED ON MANY SOURCES OF INFORMATION, INCLUDING
RESEARCH DATA AND PILOT PROGRAMS DEVELOPED ﬁY BOTH THE GOVERNMENT AND
PRIVATE INDUSTRY OVER THE PAST 30 YEARS. MANY FACTORS, SUCH AS CHANG-
ING TECHNOLOGY, EVENTUAL OIL PRODUCTION LEVELS, AND ATTENDANT REGIONAL
POPULATION INCREASES ARE NOT PRECISELY PREDICTABLE. THE IMPACT ANALY-
SIS INCiUDED HEREIN IS CONSIDERED TO CONSTITUTE A REASONABLE TREATMENT
OF THE POTENTIAL REGIONAL AND SPECIFIC ENVIRONMENTAL EFFECTS TﬁAT WOULD
BE ASSOCIATED WITH OIL SHALE DEVELO?MENT. |

| IT SHOULD BE NOTED THAT SUBSTANTIAL AMOUNTS OF PUBLIC LANDS IN
ADDITION TO THE PROTOTYPE TRACTS WOULD BE REQUIRED FOR AN INDUSTRIAL
DEVELOPMENT TO THE ONE MILLION BARREL PER DAY LEVEL CONSIDERED}IN'
VOLUMES I AND II. IF EXPANSION dF THE FEDERAIL. OIL SHALE LEASING PRO-
GRAM IS CONSIDERED AT SOME FUTURE TIME, THE SECRETARY OF THE INTERIOR
WILL CAREFULLY EXAMINE THE ENVIRONMENTAL IMPACT WHICH HAS RESULTED
FROM THE PROTOTYPE PROGRAM ANb THE PROBABLE IMPACT OF AN EXPANDED
PROGRAM. BEFORE ANY FUTURE LEASES ONVPUBLIC LANDS ARE ISSUED, AN
ENVIRONMENTAL STATEMENT, AS REQUIRED BY THE NATIONAL ENVIRONMENTAL.

POLICY ACT, WILL BE PREPARED. .
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AVATLABRILITY OF FINAL ENVIRONMENTAIL STATEMENT -

The six-volume set may be purchased as a complete set or as
individual volumes from the Superintendent of Documenfs, U. S.
Govermment Printing Office, Washington, D. C. 20402; the Map
Information Office, Geqlogical Survey,lU;S. Department of the
Interior, Washington, D. C. 20240; and the Bureauléf Land Manage-
_ ment State Offices at the following addresses: Colorado State
Bank Building, 1600 Broadway, Denver, Colorado, 80202; Federal
Building, 124 South State, Salt Lake City; Utah, 84111; and
Joseph C. O'Mahoney Federal Center, 2120 Capital Avenue, Cheyenne,
Wyoming, 82001,

Inspection copies are available in the Library and the Office
of the Oii Shale Coordinator, U.S. Department of the Interior,
Washington, D. C., and at depository libraries located throughout
the Nation. The Superintendent of Documents may be consulted for
information regarding the location of such libraries. Inspection
copies a®e also évailable in Denvér, Colorado, in the Office of
the Deputy 0il Shale Coordinator, Room 237E, Building 56, Denver
Fed;ral Center, Denver, Coloradof80225, in all the Bureau of Land
Management State Offices listed above, and in the following Bureau
of Land Management district offices: Colorado: Canon City, Craig,
Glenwood Springs, Grand Junction, Montrose; Utah: Vernal, Price,
Monticello, Kanab, Richfield; Wyoming: Rock Springs, Rawlins,

Casper, Lander, Pinedale, Worland.
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'I. INTRODUCTION

In his Clean Energy Message to the Nation, President Nixon, on
June 4, 1971, emphasized that the United States is now entering a
period of increasing demand for energy and growing problems of supply.
As an element of the'Président's comﬁrehensive energy program to help
assure future energy supplies, Interior Secretary Morton outlined a
concept for a Proposed Prototype 0il Shale Leasing Program (l).l/ The
goal of the Department of the Interior's proposed prototype leqsing
program is "to provide a mnew source of energy for the Nation by
stimulating the timeiy development of commercial oil shale technology
by private enterprise, and td'do so in a manner that will assure the
minimum possible impact on the present enviromment while providing
for the future restoration of the immediate and surrounding area" (2).

As discussed in Chapter IV of this volume, a maximum of 1 million
barrels of shale oil per day may be produced by the year 1985. This
level of production would require public lands in addition to those
considered for development under the proposed prototype leasing pro-
gram. It would also require parallel development on private lands.
The present volume considers alternatives to the 1 million daily rate
of production and is organized in the following way:

The initial sections consider the energy situation, the role of
energy in economic growth, aﬂd the energy requirements of the U.S. to

meet projected future needs. To relate shale oil to the total energy

1/ Underlined numbers in parentheses refer to items in the list of
references at the end of this section.
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picture, the subject of substitutability of energy in its solid,
liquid, or gaseous forms is discussed, followed by a consideration
of factors thaf affect fuels.developmenf. VA background of the
petroleum situatibn, bpth:present and future, is presented followed
by a cbnsidefaﬁion of 611 éhaie developmeht poséibilities. ‘Aiter-
natives to oil shale prodﬁction.éxisf in.two broad generél categories:
(L those that -arise from Federal policy actions regarding petroleum
and natural gas; and (2) those that arise from subséituting other
enefgy forms for the shale oil thatlwould be produced. Alternatives
within each of the above general categories are considered as aré
the associated environmental impacts. Combiﬁations of thése various

"alternatives are considered in the last section of this volume.
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II. THE ENERGY SITUATION

A. The Role of Energy in Economic Growth

Abundant supplies of low-cost energy supported economic growth
throughout the history of the United States, Water power was important
for early industries in New England; coal was important for railroads
‘énd industries through the early'part of this century; and petroleum has
supplied much of the energy during the autoﬁobile and jet age.
| The close correlation between energy consumption and gross national
product is shown in Figure II-1. The 1972 report of the Council of
Economic Advisers discusses relationships befween the GNP and energy
consumption>as follows: |

"The growth in consumption of fuels by automobiles, electric
generating plants, homes, and factories is closely associated
with increases in our material levels of living. Historically,
however, energy use has not grown as rapidly as GNP, While
real GNP (in 1958 dollars) rose from $183.5 billion in 1930 to
$617.8 billion in 1965, for a compound annual growth of 3.5
percent, energy consumption rose from 22.3 quadrillion btu's
to 54.0 quadrillion btu's during the same period, an annual
growth rate of only 2.5 percent. The use of energy per dollar
of GNP (Figure II-2), therefore, fell from 121,500 btu's in 19390
to 87,400 in 1965.

"During this same period, energy was becoming cheaper relative
to other goods and services. While the price index of all goods
“and services (the GNP deflator) rose 125 percent during this
period, the wholesale price index of fuels and electric power
rose only 70 percent. Thus, although energy consumption was
growing it was not growing as rapidly as GNP, and although
energy prices were rising they were not rising as fast as the
prices of other goods and services, '
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Figure II-2 — Energy Consumed in the United States per Dollar of GNP¥,
1930-1970 in 1958 Dollars. Source: Statistical Abstract
of U.S. (GNP), Bureau of Miries{Energy)

Source: Statistical Abstract of U.S. (GNP)
Bureau of Mines (Energy)

Source: Reference (6, pg. 2)
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"Since 1965, however, a sharp upturn in the energy-GNP ratio
has occurred, From 87,400 btu's per dollar of real GNP in
1965, the number rose to 95,600 in 1970. While output for
the economy as a whole was growing at 3,1 percent per year,
energy consumption grew at 5,0 percent., This sharp upturn
in energy was associated with a more rapid increase in
prices. Prices of fuel oil and bituminous coal, in particu-
lar, rose sharply in 1970.

"These developments gave evidence of at least a short-run

shift in energy demand and prices., At the same time more

fundamental changes were occurring in the domestic supply

picture... discussed in detail below ...

"The accelerated growth in energy demand relative to GNP in

recent years is mnot expected to continue, Most observers fore-

cast an annual average growth in energy consumption of just over

4 percent, paralleling the expected growth in GNP, A comparison

of earlier forecasts and current realities, however, suggests

that any assumptions about future demand and supply must be re-

garded as tentative, to be modified as new evidence becomes

available" (1).
An analysis (2) of the possible reasons for the reversal of the trend in
the energy consumption-gross national product relationship found no single
cause, but suggested that the trend reversal was due principally to a
combination of three causes: '(a) the increasing relative importance of
nohenergy uses of fuels, (b) tapering-off in the year-to-year improvement
in thermal efficiency at central power stations, and (c) the increasing
relative importance of air conditioning and electric heating." That study
also found that the reversal was probably not due to the increasing im-
portance of the service sector in the cdmputation of gross national product,
Another source (3) attributes most of the change to the substitution of

"electricity, with a thermal efficiency of perhaps 32 percent, for many

direct fuel uses with efficiencies ranging from 60 to 90 percent.," From
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these-relatipnships, it is clear that, unless our energy-based society
changes duite markedly, maintenance and improvement of the material
standard of living will continue to demand increased amounts of energy.
Interior Department predictiéhs (10) estimate that gross energy

consumption per 1958 dollar of Gross National Product is expected to
decline from 93.0 thousand Btu/dollar of GNP in 1971 to 78.7 tbousan&
Btu/dollar in 2000. This represents a reversal of the sharp rise in
1970 to a gradual downtrend through 2000.

vThe United States, which has- 6 percent of the world's population,
uses 35 percent of the energy consumed each year (4). Because energy
consumption in other countries is similarly correlated with both economic .
growth and population (Figure II-3), world- energy consumption may bé expected
to rise much faster than domeétiCAconsumptioh, as world population is
growing rapidly and the economic growthrof the less developed countries
is rising rapidly. Eor the world as a whole, per capita energy consump-
tion is rising about a third faster than per capita consumption in the
U.S. (5) (Figure 1I-4). As a result, tﬁe U.S. share of world consumption
is expected to fall to 25 percent by the year 2000, but total require-

ments for emergy will increase.

B. Energy Requirements
Demand for energy resources to the year 2000 has been projected
by the Department of the Interior (10) from forecasts that correlated
resource inputs and demands for final market products with economic indica-
tors such as GNP, population projections, and industrial production. As
a Fesult of these studies, a con&entional or base forecast was made hav-

ing the following conditional assumptions: Beyond 1980 GNP was assumed

to grow at an annual rate of 4 percent (4;3 percent prior to 1980);
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industrial production was based on a composite growth rate of 4.4 percent;
foreign trade in enérgy was assumed to remain at the same relative pro-
portions as in the past; and evolutiohary changes in technélogies and
efficiencies were presumed. in addition, it was assumed that inflationary
trends will raise the nominal prices of all fuels but that fuel prices,
in general, will rise faster thén other commodity prices. Additionally,
intercommodity price relationships are expected to shift gradually,
restructuring the relative price standings of tﬁe vérious fuels, The
rate of increase in gaseous fuel prices is expected to be abduf 1.5 times
the rate to be experienced in petroleum, and about 2,0 times the rate
expected for coal.

Table II-1, United States'consump;ion for energy resources by major

sources, 1971 actual with projections to 2000 is a summary of energy

sources. As shown, petroleum consumption will increase from'lsfl million
barrels per day in 1971 to approximately 35.6 million barrels per day in
2000, TIts share of the total energy inéut will decline from 44.1 percent
to 37.2 percent. . Natural gas usage wili increase from 22,050.billion
cubic feet to 32,959 billion cubic feet. Its share of the'market will
decline from 33.0 percent to 17.7'p¢rcent. The compoun& annual growth
rate of total gross energy input is 3.6 percent fof.the 29-year peripd
from 1971 to 2000.

Some better understanding of what this energy consumption means can
be gained from the following tabulation of selected United States eco-
nomic and energy indicators, actual for 1971 and projected to the year

2000. The energy/GNP ratio is expected to decline from the 93.0 thousand
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Table II-1 -United States consumption for energy resources by major sources, 1971,
actual, with projections to the year 2000

1971 1975 1980 1985 2000
Petroleum (includes natural gas liquids) _ - ' .
Million barrels. =e=-eeea- L IITTEL DR 5,523 6,340 7,615 9,140 12,985
Million barrels per day~=-=cecacccccaccac.- 15.1 17.4 20.9 25.0 35.6
Trillion Btu =-eecccecccccacaccccccccccnan-- 30,492 35,090 42,190 50,700 71,380
Percent of gross energy inputg---ecece-a -——— - 44,1 43.8 43.9 43,5 37.2
Natural Gas . .
Billion cubic feet ==ec-cccnmcecnccccccnca- - 22,050 24,462 26,169 27,537 32,959
Trillion Btu - D D el D D D D e R D D e S e - 22’734 . 25,220 26,980 . 28,390 33,980
Percent of gross energy inputs -=eececcaca- 33.0 31.4 28,1 24.3 17.7
Coal (bituminoué, anthracite, lignite) _ .
Thousand short tons =«eeecccescccccccccccaas 510,800 565,000 665,000 . 893,000 - 1,310,000
Trillion Btu -ec-cceccacs B el T T 12,560 13,825 16,140 21,470 31,360
Percent of gross energy inputsee===mece--- 18.2 17.2 16.8 18.4 16.3
Hydropower '
Billion kilowatt-hourse-=ecccwcaaaaa memmmm——— 266.3 .350 420 470 700
Trillion Btu-~~=caccccccccscacccccccccccaax 2,798 3,570 3,990 4,320 5,950
Percent of gross energy inputs -~=-=-eoceaa- 4,1 4.4 4.2 3.7 3.1
Nuclear power |
Billion kilowatt-hours --=-e=ccccacccccca- 37.9 . 240 630 1,130 5,470
Trillion Btu=weseceea- Cmemmcccccccascnea—~. 405 2,560 6,720 11,750 49,230
Percent of gross energy inputs e-=ceecce=-. .6 3.2 7.0 10.1 -25.7
Total Gross Energy Inputs _
Trillion Bty ~eeccecceccccccccccceecccaea.- 68,989 80,265 96,020 - 116,630 191,900

Source: Reference (10, pg. 17)



Btu per 1958 dollar to approximately 78.7 thousand Btu in 2060. At{the
same time the grosé energy'consumption per capita is expected to increase
from 333.3 million Btu pér person to 686.1 million Btu in 2000 for an
averége annual gfowth rate of 2.5 percent. Net energy consﬁmption per
capita is expected to inéreaée from 275.4 piilion Btu in 1971 to 500.9

million in 2000 for an average annual growth rate of 2.1 perCént.

1971 1975 1980 1985 2000

Gross Energy Imputs ’

(Quadrillion Btu) 1/ 69.0 80.3 96.0 . 116,6 191.9
Net Energy Inputs

(Quadrillion Btu) 2/ 57.0 65.1 75.9 90.0 140.1
Population . o

(million) 207.0 216.2 229.4 243.3 279.7
Gross National Product

(Millions of 1958 S '

dollars) 739.5 891 1,102 1,343 2,438
Energy/GNP Ratio

(Thousands of -Btu .

per 1958 dollars) 93.3 90.1 87.1 86.8 78.7
Gross Energy/Capita

Ratio '

(Millions of Btu) 333.3 371.4 418.5 479.2 686.1
Net Energy/Capita -

(Millions of Btu) 275.4 301.2 330.8 369.9 500.9
Efficiency Féctor _ _ ‘ -

(PercenF) é/ - 82.7 81.1 79.0 77.2 73.0

lj Gross energy inputs refers to the total energy inputs to all sectors.

2/ Net energy inputs refers to the direct energy going to the Industrial,
Transportation, and Household and Commercial sectors plus electrical
energy converted on the .basis of 3,412 Btu/kwhr.

3/ Refers to the overall efficiency of conversion of gross energy to the
form used by the final consuming sectors. Equal to net energy/gross
energy. .
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As stated earlier, the future.energy requirements are based upon a
variety of forecasting techniques and the personal judgment of experts,
especially with respect to the timing of possible technological develop-
ments. Gross national product, ﬁopulation, manufacturing indices, énd
other basic economic data were correlated with. energy consumption and any
important and consistent trends were extrapolated (Q). However, science and
technology can and probably will produce some revolutionary as well as
evolutionary technological, environmental, and éconoﬁic-changes that
could significantly'alter energy supply and demand patterns. Such develop-
ments cannot. be forecast with reasonable éssurance; therefore, only_evolu;
tionary developments considered as logicél-outgrowths of present trends
and efforts were used. Accordingly, the energy demands forecast shou1d>
be considered as order of magnitude levels to provide pianning targets
and not as absolute commodity demand predictions.

In coming years some energy commédities, notably natural gas, will
encounter supply limitations; othefs will be disqualified from some marketé
by environmental festrictions. To the extent that these limiting factors
materialize, requirements will have to be filled by other energy com-—
modities. Petroleum demand is eépecially difficult to project. For
example; the forecast presented in Table II-1 and used as the basis for
subsequent analyses in this report anticipates a petroleum demand of

25.0 million barrels per day by 1985, whereas other current projections 2

show that oil demands in excess of 29 million barrels per day are possible.
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C. Substitutability of Energy Forms

The use of energy materials can generaliy be considered in térms of
the physical state of the energy source, i.e., solid, liquid, or gas.
Thus, though some substitutability is possible, the most likely substitute
for a liquid eﬁergy source material will be apother liquid energy source
material within a 10- fo 15-year'time frame, The reason is obvious. For
example, liquid petroleum fuels are the most widely used materials for
the automobile and these vehicles have a life of about 12 years. Unless
technological advancement gives energy converters that will use other forms

of fuel, transportation needs will be dependent upon liquid energy

sources from petroleum or some other substitute that can be converted to
a liquid form, i.e.; coal 1iquefa§tioﬁ or oil shale.

"Mineral Facts and Problems" presents the following discussion of the
potential for alternatives to petroleum (8):

" ..Petroleum currently has a virtual monopoly in the fields of
transportation, organic chemicals, lubes, and waxes, The sub-
stitution of other materials for petroleum would not be economi-
cally feasible in most uses because of the higher cost of raw
materials and the cost of equipment conversion.

"Gasoline has no successful competitor as a passenger car fuel;
however, steam and electric prime movers, which were utilized

but discarded many years ago, are again undergoing experimenta-
tion. The use of matural gas (compressed or liquefied) also is
being invéstigated. TBut the supply situation in gas appears to
be more severe than that in oil,] The use of electricity as
motive power in utility vehicles such as golf carts is increasing.

"For some commercial vehicles, trucks and tractors there is com-
petition between gasoline, diesel oil, and LPG. Diesel engines
‘are used to a limited extent in automobiles. Diesel locomotives
have performed so well for U.S. railroads that the majority of
the roads have converted to diesels from coal. 1In aviation, jet
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fuel is replacing gasoline. Liquified natural gas and other
fuels are possible substitutes for petroleum jet fuels in
supersonic aircraft, (However, such substitution doés not
alleviate the liquid fuel problem.)

"In household, commercial, and industrial heating, and in the
generation of steam and (electrical) power, distillate and
residual fuels compete with coal and natural gas. A competitor
with growing strength in the household heating market is
electricity, which is generated from several fuel sources
including fuel oil. 1In industrial and large commercial appli-
cations, price frequently is more decisive than it is in
domestic or small commercial uses where convenience and related
factors outweigh the price advantages of other fuels.
"Air quality regulations is a factor of increasing importance
in fuel substitution. Alternative energy sources are being
discussed as possible substitutes for air-polluting petroleum
fuels in some uses. Such sources include electricity, natural
gas, and nuclear energy.' . (The conversion of liquid or gaseous
fuel to electrical energy is a consumer of energy because of
the inefficiency of the current conversion techniques. There-
fore, any increase in electrical generation has the potential
for increasing the demand for liquid fuels.)
From the foregoing discussion, it is concluded that enmergy from
one form to another (for example, natural gas for gasoline in
automobiles) is not likely in the time frame of the projected development
of oil shale under the prototype oil shale leasing program. This document,
therefore, is organized to consider shale oil in its most likely energy use
form as a supplement for the use of petroleum liquids.
Other energy forms can be substituted only partially for crude oil.
Over half the demand for such oil is for transportation use, for which
satisfactory large-scéle alternatives to liquid fuels are unlikely during
the 1980-1985 period. The most commonly suggested alternative is to replace
residual oil as a fuel for electric utility boilers by some other fossil
fuel of some other form of electricity generation. Several of the

alternatives considered would require such substitution. However, use of

petroleum for electricity generation in 1970 was less than 1 million barrels
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per day, and projected-use for this purposed in 1980 is some two
million barrels per day. Thus, substitution of this nature
essentially would require removing an entire sector of ﬁétroleum
usage,iand atra'time when low sulfur residual oil is being sub-
stitutéd for coal to generate electricity.

It must be képt in mind, however, ;hat ail.fdrms of énéfgy
supplement‘bne another in the total_energy‘picture. Thus, if the
use_of one kind of ehefgy source material is freed from use in
electrical power-generation;.for example, the material freed is
available for use elsewhere in thg total énergy picture, bﬁt
other forges are set in:motion that require adjustment of mate-
rials usage throughout the eﬁtire éneigy picture (See Figure V-3
in Sectioa V, Part C of this Volume). The possibility of reduc-

tion of demand is consistant with the analysis in Section V.

D. Fuels Development and the Environment

The environmental impact caused by'fuels devélopment will
vary significantly, depending on the energy form to be utilized.
A review of the present situation has been prepared by Mills,
Perry, and Johnson (9). Théir review is Qutlined in Table 11-2;

pertinent sections of the text of that review are quoted below:
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Table II~2 - Significant Envirommental Impacts: Fuels Development

Energy Source

Impacts on Land Resource

[Production Processing Utilization

Impacts on Water Resource

Production Processing Utilizsetion

Impacts on Air Resource

Production Processing Utilization

Coal

Uranium

0il .

Natural
Gas

Hydro

Disturbed Solid
Land Wastes

Disturbed
Land

Ash, slag

disposal

Disposal of

radioactive
material

Source: Reference (3, pg. 31)

Acid Mine
'Drainage

0il
Spills,
Treasfer,
Brines

Disposal
of radio-
active.

material .

Increased
Water
Temp.'s

Increased
Water
Temp,'s

Increased
Water
Temp.'s

Increased
Water:
Teup.'s

Sulfur oxides
Nitrogen
oxides
Particulate
Matter

Carbon-
monoxide
Nitrogen

- oxides
Hydrocarbons
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"Land use

"About 3.6 billion tons of solid wastes are generated
each year in the U.S. Agricultural wastes constitute nearly
two-thirds of the total, and mineral wastes account for most
of the rest....fuels account for only 125 million tons, or
about 37 of all solid wastes generated.

"The last complete survey of mining operations in the
U.S. indicated that, in 1965, about 3.2 million acres of
land had been disturbed by surface mining. Of this total,
about 417 resulted from activities associated with coal
production.

"As yet, only a few tenths of 1% of the total land area
of the U.S. has been disturbed by surface mining. Effects
of such mining upon the environment, however, vary widely
and depend upon such factors as the type of mining, charac-
teristics of overburden, steepness of the terrain, amount of
_ precipitation, and temperature. Where land reclamation is
not practiced, water pollution from acid mine drainage and
silt damage occur...In the principal coal mining areas, the
average costs of completely reclaiming coal lands range from
$169 to $362 per acre, an average cost of 4 to 8 cents per
ton.

"Underground coal mining can cause subsidence unless the
mining systems are designed to prevent deterioration and fail-
ure of abandoned mine pillars. Underground fires may weaken
or destroy coal pillars that support the surface, causing sub-
sidence with consequent damage to surface structures. An
additional threat is the possible collapse of buildings and
openings of surface fissures and potholes.

"Fuel processing also contributes large quantities of
wastes during the washing of coal to improve its quality.
Over 627 of all coal mined is washed, producing 90 million
tons of waste annually. If not returned to the mine, the-
water accumulates in these piles near the plant and mine.

At times, these piles ignite and burn for long periods, thus
creating air pollution. Rainwater leaches salts and acid
from the piles to contaminate nearby streams.

"Utilization of coal also produces solid waste in the
form of ash and slag. About 30 million tons of these mate-
‘rials are collected each year; an estimated 8 million tons
are discharged into the atmosphere. h
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"Uranium mined by either open pit or underground methods
creates similar land problems. However, since uranium mining
in quantity is a relatively new industry, the volumes and ton-
nages involved are only 1% of those for coal, and the adverse
effects are much smaller....

"Solid wastes resulting from nuclear generation of elec-
tricity involve only small tonnages of materials, but have a
very great potential for environmental damage for long periods
because of their radioactivity....

"Water problems

"Two distinct water problems are of growing concern in
fuels management--water quality and water temperature. Ques-
tions of quality relate to individual energy sources; thermal
problems, however, are common to use of all fuel commodities.

"Poor water quality, whether it be through chemical pol-
lution or sedimentation, is a major damage resulting from
both surface and underground mining. Available data make no
distribution between the two, but it has been estimated that
approximately -487 of mine water pollution, primarily sediment,
results from surface mining. In the U.S., some 5800 miles of
streams and 29,000 surface acres of impoundments and reser-
voirs are seriously affected by such operations. Acid
- drainage from underground mines is more difficult to control
than that from surface mines, but preventing water from
entering the mine and the rapid removal of water which does
get into the mine are effective methods for reducing pollu-
tion...Erosion and sedimentation from surface mining are
serious problems in many areas, but they can be prevented by
controlling the surface runoff that follows rainstorms.

"In processing uranium ores, some of the potentially
hazardous radiocactive elements or isotopes, particularly
Ra-226 and Th-230, are partly dissolved .during the leaching
operation used to recover uranium oxide. While most proc-
essing plants are located in very isolated areas, steps are
taken to avoid pollution of water supplies.by radioactive
constituents of liquid effluents.

"Disposal of the effluent is accomplished principally
by impoundment and evaporation, controlled seepage into the
ground, and injection through deep wells into saline or non-
potable aquifers. Where ore processing plants are adjacent
to rivers or streams, the effluents may be released directly
to the streams at controlled rates if, after dilution, the
concentration is within predetermined limits. During
~ periods of low stream flow, effluents are impounded or may
be chemically treated before release.
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"Onshore oil production, except for accidental occur-
rences, does not present any difficult pollution problem.
Nevertheless, nearly three barrels of brine must be disposed
of for every barrel of oil produced. Accidental pollution
may occur from blowouts of wells, dumping of oil-based
drilling muds, or losses of o0il in production, storage, or
transportation. = Methods must be found for their prevention
and control. Spills and discharges from tankers are also
important. However, the greatest, if less dramatic, problem
is the contamination of inland waterways and harbors result-
ing from transfer of oil between or from vessels.

"Thermal Pollution

"By far the most 1mportant water problem resulting from
fuel use is thermal pollution. Over 80% of all thermal pol-
lution arises from the generation of electricity. The amount
of heat rejected to cooling water represents 45% of the heat-
ing value of the fuel used in the most efficient fossil fuel
plants, and 55% in nuclear plants. If projected use of elec-
tricity is accurate and if nuclear energy, as'expected,
supplies nearly 507 of the electricity demand, more than 10
times as much heat will be rejected to turbine cooling water
in 2000 as is being rejected now. Even with greatly increased
use of brines or seawater for cooling, the demands for fresh
cooling water will be larger than its supply.

"Air pollution

"Nearly 80% of all air pollution in the U.S. is caused by
fuel, combustion. About 95% of all sulfur oxides, 85% of all
nitrogen oxides, and over half of the carbon monoxide, hydro—
carbons, and particulate matter are produced by fuel use.
Management of fuels, therefore, is critical for the minimiza-
tion of the nation's air pollution problems.

"The most competitive market for fuels is the generation
of electricity. Not only do the fossil fuels compete with
each other, but they also compete with hydropower and, more
recently, with nuclear energy. ‘Obviously, from an air pollu~
tion standpoint, hydropower is the perfect method of electric-
ity generation. During the generation of electricity from
fossil fuels, production of oxides of nitrogen or carbon
monoxide is not greatly different for any of the fossil fuels
used. The production of electricity using natural gas pro-
duces no sulfur oxide emissions, but the use of coal and
residual oil in electric generating plants is the source of
74% of all the oxides of sulfur emitted into the air.
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"About seven times as much coal as oil is used in elec-
tricity generating plants. For this reason, and because of
its relatively high sulfur content, coal accounts for nearly
two-thirds of the sulfur oxides emitted to the atmosphere.
In addition, nearly one-third of the particulate matter
emitted into the atmosphere is from burning coal for genera-
tion of electricity.

"About one-half of the coal consumed by industry is used-
to make coke.... ' :

"Local air pollution problems in the vicinity of plants
that make coke are severe. Alternatives to the use of coke
for the production of pig iron are available, and these
. processes might reduce the amount of air pollutants released
to the air. Uncontrolled surface and underground coal fires
emit smoke, fumes, and noxious gases.

"About 17% of all the oil consumed in this country is
used by industry. Much of it is residual oil, which in most
cases is high in sulfur. Moreover, residual oil is difficult
to burn efficiently and is ususally burned in large equipment
at high temperatures. Because of these two factors, indus-
trial use of 0il tends to contribute larger amounts of carbon
monoxide, hydrocarbons, and oxides of nitrogen than the
household and commercial sector, which consume about 25% of
the fuel oil.

"The largest.use of o0il is for gasoline to power the
nation's 100 million vehicles. About 42% of each barrel of
0il is used in this manner. If we include diesel and jet
fuels, about 547 of each barrel of oil is used for
transportation.

"The use of fuels in transportation causes approxi-
mately one-half of all the air pollution in the U.S. There
are alternatives to the use of gasoline for automobiles and
trucks, such as natural gas and liquefied petroleum gases.
But it is doubtful that the massive changeover that wéuld be
required by two of the country's largest industries would
occur if other solutions could be found to reduce air pollu-
tion generated by the transportation sector."
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IIT. PE'T-ROLEUM

In 1970 the United States consumed petroleum products at an
average rate of 14.7 million barrels per day. Petroleum comprised
44 percent of our national energ& supply, including almost all of
our transportation fuel, 45 percent of energy used in households
énd gommercial establishmeﬁts, almost a quarter of our industrial
energy, and 13 percent of the energy input of electric power
stations.

Precise estimates of futurg petroleum reqdifements are diffi-
cult. Recent projections of the demand growth rate of 1975 vary
from 3.2 percent to 5.0 percent. The Department of the Interior's
projéctibns of démand app;oximate 18.0 million barrels per dAy in
1975 and anticipate an annual growth rate between 4.0 and 4.7 per-
cent. Beyond 1975 projection becomes increasingly difficult.

Variaﬁles which complicate near term projections include rates
of economic growth, an apparent shift toward increased energy con-
sumption relative to real gross national product, and potentials
for sizable shifts to petroleum from other fuels as energy users:
seek to meet new environmental standards and as they. encounter

.limitations in_supplies of natural gas. In the 1oﬁger term, other-
important unknowns must be considered such asbtechnological
advances in nuclear energy, and the use of coal in the productioﬁ
of synthetic oil and gas; Federal regulatory policies as they
‘relate to oil and nétural gas; and changes in cost.relationships
and life styles which may appreciably affect emergy requirements.

The latter include possible major shifts in transportation
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patterns, such as greater dependenée on mass transit and a possible
trend toward smaller-and more efficient cars, and potentially a shift
from internal combustion engines in motor vehicles in the interest
of envirommental quality improvement.

Within the probable range of future U.S. oil requirements, one
conclusion seems obvious. Even with a major incréase in domestic
petroleum finding and producing efforts, the United States will be-
come increasingly dependent on other nations for oil supplies.
Ultimately,_production of synthetic oil from shaie, coal, or tar
sands may contribute to domestic self-sufficiency; but before these
sources can begin to make significant contributions, we may become

dependent on foreign sources fof as much aé half of our petroleum
supplies. This estimate of'dependence assumes that we will be able
to maintain domestic petroleum production near its present level.
Some industry analystg have questioned our ability to sustain these
rates. The less optimistic anticipate a decline of about 30 percent
in production from 1970 to 1985.

An estimated 2.8 trillion barrels of crude petroleum and more
than 200 billion barrels of natural gas liquids éccured originally
in'place in the earth within the United States and its offshore
areas. About one-half of these resources are offshore, and of this
portion, about half are in water depths greater than 200 meters.
However, only 171 billion barrels of petroleum offshore and 246
billion onshore are estimated to be recoverable under current
technologiéal and economic conditions—-onée they have been found.

(See Figure III-1l.) Proved reserves of crude petroleum and
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Resource base
1470

Resource base

oduced through 1970 1360 4

- 34 Proved reserves G irees 5
| 234 Indicated reserve plus undiscovered : 171
246 resources producible with current _
economics and technology
Undiscovered resources not discoverable
1100 and discovered resources not producible 1180

under current economics and fechnolgy.

* ON SHORE | - OFF SHORE

Figure III-L _ 3.§. Crude Oil Resources { Billion barrels)

Source: Reference (10, pg. 16)
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of natural gas liquids, both on #nd offéhofe, amount to 39 billion and
7.7 billion barrels, respectively. Included are 9.6-billion bérrelé of
crude petroléumrreserves on Alaské's North Slope. Reserves in the
lower 48 Stafes declined in recent yeafs. About 4 billion barrels
of petrolemn liquids were produced in the United States in 197L.

The fatié of reéerves to proauctibhlin the loﬁér L8 States has fallen

to aboﬁt 8.8 for crude oil.

A. Components of Demand for Petroleum

Table III-1 shows petroleum consumption by major products and by major

consuming sectors in 1968. The following discussion of current consump-
tion patterns in that year is taken from Bureau of Mines 1970 Mineral
Facts and Problems (1):

"About 90 percent of the petroleum products consumed in the
United States in 1968 were used to produce energy in the form

of heat and power. Such products included motor and aviation
gasolines, distillate fuels, residual fuels, liquefied petroleum
gases, jet fuels, keroserne, and petroleum coke. The remaining
10 percent consisted of products used for nonenergy purposes

and included petrochemical feedstocks, asphalt, road oil, sol-
vents, coke, lubricants, waxes, and miscellaneous products.

"The 1968 demand for petroleum products by major consuming

sectors is shown in... Table III-l...A breakdown of product demand
on a percentage basis by energy and nonenergy uses is shown in
Table TII-2.-

"Approximately 66 percent of the nonenergy products was consumed
in the industrial sector for making petrochemicals, in aluminum

-manufacturing, as lubricants and waxes, and for other purposes;

29 percent was used in the commercial sector in the form of as-

phalt and road oil; and 5 percent was consumed as lubricants in

the transportation sector.
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Table ITI-1

,i’ct.rolcum oonsixmption ‘by major products and by major consuming sectors 1 in- 1968 p

Electricity
Household and RKeneration, Miscellaneous and Total domestic
commercial Industrial Transportation £ utilities unaccounted for products demand
Million Trillion Million Trillion Million Trillion Million Trillion Million Trillion Million Trillion
barrels Btu  barrels Btu  barrels Btu  barrels. Btu  barrels Btu barrels Btu
Fuel and power: )
Liquefied gases ............ 171.1  686.3 208 88.4 30.0 120.3 3.4 13.7 225.83 908.7
Jet fuel (kerosine and
narhlhz types) .......... .. . 348.3 1,938.0 348.3 11,9380
Gasoline .................. 1,955.8 - 10,264.8 ... 1,955.8 10,264.8
Kerosine '...... 235 133. .. .. ees .9 5.1 1081 584.5
Distillate fuel . 61.3 357.1 2129 1,240.1 3.0 176 305 177.7 862.7 025
idual fuel . 171.0  1,075.0 127.9 804.1 1850 11,1631 .. . 679.9 42745
Still gas ....... 149.8 898. L s ... et . 149.8 898.8
Petroleum coke 4.2 326.5 e .. . cee N 54.2 326.5
Total ..........c.viunnnt 480.6 2,874.0 2,674.9 14367.3 188.0 1,180.6 34.8 196.5  4,379.1 24216.0
Raw material: ¢ -
Special naphthas . 27.0 141.7 ... . . 27.0 141.7
Lubes ¢ and waxes . 28.5 1205 24.1 1462 . - 52.6 316.7
Petroleum coke ..... .. .. 22.1 133.2 e .. . 22.1 133.2
Asphalt and road oil ...... 1482 9835 s 148.2 9838.5
Petrochemical feedstock
offtake:
Liquefied refinery gas .. 465 186.5 465 186.5
Liquefied petroleum
gas® ...  ....... e e 1139  456.9 . 1189 456.9
Naphtha (—400°) - 55.6 201.8 . 55.6 1.8
Still gas ............... 9.8 58.8 . 9.8 58.8
Misceﬁ:neouu (+400°).. ... 275 160.2 . 275 160.2
Total d anneconnied 1482 983.5 330.9 1,599.6 24.1 146.2 N 5032 2,729.3
Miscell and unacc
2 17.9 98.8 17.9 98.8
Total domestic product .
demand ............... 1,140.0 6,581.1 8115 4,473.6 2,699.0 14,5135 188.0 1,806 527 20583 4,900.2 27,0441

» Preliminary.
1 Includes liquefied refin 1
t Includes bunkers and military transportation.

gas and natural gas liquids.

3 Includes some fuel and power nse by raw material industries. X
¢ Lubricants are distributed equally between the Industrial and Transportation sectors.

5 Includes LY gas for synthetic rubber.

Source: Reference (1, pg. 158)

Table 111-2

—
Percent
Sector 1967 1968
. Encr}g{y use's (fuel):
ousehold 3 i
Industrial dnd .com.m ercial 24
glr:clllqunation o i
ricit
Rty gnenio i 5
l\oml:’nergyhuscs: e -
etrochemi
 Other e feedstocks . 25
Miscellaneous and unaccounted “for . >
Total ...... ... . .
.................. 100.0
Source: Reference (1, Pg. 150)
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Table y177-3

Growth rate, 1964
Product to . inclusive
(percent)
Liquefied gases (fuel

Jet fuel . .g ( use) lg.;
Gasoline %9
Motor 143
Aviation -95
Kerosine . ..... 19
Distillate fuef ... 29
Residal el 48
L L] uel use .. X
Pg:m?ﬁum coke ) ........... gg
Special maphthas ........_....... .. 356
Lubricants and waxes ................ 21
Asphait and road oil || .1l 1111111l 36
Petrochemical feedstocks ............. . 102
Miscellaneons and unaccounted for ... ..... ... .. S8
Total product demand ........ ... 0. 111117 43




"To facilitate discussion of uses, the trends in product con-
sumption are indicated in Table II1I-3,...which includes annual
compound growth rates for the major products used during the
5-year period ending with 1968.

"Gasoline and diesel oil (distillate) are consumed primarily as
fuel in mobile and stationary engines. "By far the largest use
is for transportation purposes, including automobiles, trucks,
buses, trains, aircraft, ships, and tractors. Gasoline makes
up almost three-fourths of the fuels used in the transportation
sector, The overall growth rate of gasoline has been curtailed
as a result of the declining use of aviation gasoline.

"Jet fuel has had the highest growth rate of all the petroleum
fuels in recent years. Néarly all jet fuel used in domestic
commercial aircraft is the kerosene type, The nmilitary uses pre-
dominantly the naphtha type, which may be various blends of gaso-
line, kerosene, naphtha, and distillate fuels.

"Distillate fuel oil for home and commercial heating has been
losing its share of the heating market to natural gas and elec-
tricity. The demand for residual fuel o0il, used for heating

large buildings and electricity generation,’has been increasing

at a fairly rapid rate since 1964, mostly as a result of use by
electricity generation utilities. Utility use of residual fuel
0il, instead of coal, increased substantially in the East after
import controls were relaxed and air pollution restrictions were
effected in some areas. The sale of fuel o0il for heating and
steam generation depends to a great extent on low-cost transporta-
tion from the refinery or port of entry to the marketing areas.
Thus, the markets for these fuels are near coasts, the Great Lakes,
and the major waterways, such as the Mississippi, Ohio, Illinois
and Hudson, and near refining centers.

"The liquefied petroleum gas (LPG) fuels are used for cooking
and heating in mobile homes and travel trailers, and in areas
where natural gas or oil are not readily available. They are
used for many types of transportation including passenger cars,
buses, and trucks. 1In addition, LPG is used extensively on farms
for brooders, for flame cutting and weeding, barn heating, crop
drying, irrigation pumping, tractor and truck power, and poultry
scalding and waxing. The growth rate of LPG in recent years has
been second (among energy uses) only to that of jet fuel.

"The principal raw material use of petroleum is as a base input
or feedstock for the production of petrochemicals...
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"Raw materials used in the synthesis of organic chemicals
include ethylene, acetylene, propylene, and butylene (all
derived from liquefied gases), and naphtha, benzene, toluene,
and xylene. ' o

"Major petrochemical products are ammonia, carbon black, syn-
thetic rubber, plastics and resins, and synthetic fibers.

"Asphalt and road oil constitute the second largest use of

petroleum as raw material. Asphalt is used extensively for
paving roads, making shingles and other building materials,
waterproofing, and miscellaneous purposes. 1Its growth rate
ig governed to a great extent by both highway construction

programs and general building activity.

"An important but slow-growing use of petroleum is for lubri-
cants. The growth rate has diminished in recent years with
improvements in lubricant quality, increasing use of turbine-
type engines, and improved bearings.

"The principal uses of petroleum coke are for refinery fuel
(71 percent) and making electrodes. Almost 12 percent of the
1968 coke demand was consumed as electrodes in alumina reduc-
tion plants. Another important use is for electrodes in
electric motor brushes. Approximately 25 percent of coke
production was exported, mostly to Japan, Canada, and Europe.
The high sulfur content of some petroleum coke renders it
unfit for many uses.

"Miscellaneous uses of petroleum include solvents, chemicals

(0oil base), wax products, pharmaceuticals, injection of LPG

into oil reservoirs for secondary recovery purposes, protein

synthesis and a wide variety of specialty uses. Wax consump-
tion is now turning upward after several years of slump, and
is regaining some markets in carton and paper coating it had

lost to the plastics industry.” (1)

Table III-4 shows petroleum consumption by sector in 1970
with National Petroleum Council (NPC) projections for 1975, 1980,
and 1985. Comparison of Table III-4 with Table III-1 is difficult
because Table III-4 shows an 'other'" category which does not appear
in Table III-1. Nevertheless, some marked differences in recent
growth rates are apparent. From 1968 to 1970, while petroleum
consumption grew slightly less than 10 percent, consumption in the

utility sector rose 76 percent due to the rapid shift from coal to

low-sulfur residual fuel oil.
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Table III-4

U.S. PETROLEUM DEMAND BY SECTOR
(MB/D)

AAI 3

1970 1975 1980 1985 1970-85
Transportation 7,838 9,647 11,774 13,801 3.8
Residential/Commercial -2,607 2,898 3,104 3,299 1.6
Industrial 1,560 1,839 2,256 2,683 4.0
Utilities | 910 1,697 2,345 2,665 7.4
Petrochem Feedstocks 818 1,163 1,586 2,089 6.5
Other 1,049 1,102 1,264 1,440 2.1
TOTAL 14,722 18,346 22,329 25,977 3.8%

Source: Reference (8, pg. 17)
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NPC projects that the demand by utilities and the ‘demand for oil
as petrochemical feedstocks will increase at a faster rate than other uses,
but that transportation will continue to claim approximately 53 percent
of petroleum demand,

Table III-5 shows Bureau of Mines contingency forecasts of components of
consumption in the year 2000. Note that in each case, trénsportatiﬁn use
is gxpécted to become increasingly dominant, rising from 55 percént of
all petroleum‘uses in 1968 (Table III-1) to 74 percent in the low demand case
or 69 percent in the forecast base case (Table III-5). Only in the high de-
maqd case (45.0 million barrels per day) would the transportation sector

consume a smaller fraction (48 percent) of petroleum than it did in 1968. .

B. Petroleum Supply

UTS. demand for oil is growing much faster than the available domes-
tic supply. Exploratory activity has been declining since 1957, which
has led to a similar decline in discoveries. Additions to proved reserves
have been less than withdrawals in 6 out of the past 10 years, and our
ability to produce oil declined in'1968,-1969, 1970, and 1971; The United
States could have supplied, without imports, all of its requirements for
petroleﬁm from domestic fields until 1967. We are now some 1.5 million
barrels per day short of being able to do so, and dependence upon foreign
sources is.increasing so that an additional 750,000 barrels per day must.

be imported with each passing year.
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Table III-5

Petroleum consumption by major products and by major coluummg sectors 1
year 2000, forecast base

Electricity
Household and . generation, Total domestic
commercial Industrial Transpoitation * utilities product demand
Million Trillion Million Trillion Million Trillion Million Trillion Million Trillion
) barrels B barrels  Btu  barrels Bta  barrels Bt arrcls Btu
Fuel and power:
Liqueheld gases ..............cccicviiinnnns 30 121 40 160 75 300 145 581
Jet fucl (kerosine and naphtha types) . .. 1,127 6,284 1,127 6,284
Gasoline . ... .. i it ieereeieee v e .. 4,665 24,482 N 4,665 24,482
Kerosine ..... .. e B 34 12 68 18 102
Distillate fuel .. 38 - 225 130 757 500 2,913 4 24 672 3,919
Residual fuel .. erae 18 114 271 - 1,704 200 . 1,257 133 837 622 3,912
Still gas ......... T T S . 291 1,748 .en ‘es SRS . 291 ,748
Petroleum coke .............. 103 617 103 617
Total .......iiivinviiannn, v eebeceseeias 92 494 847 5,054 6.567 35,236 137 861 7,643 41,645
Raw material: ® .
Special naphthas ........ raeeeseniranas tevee saa . 84 439 84 439
Lubes and waxes . . 50 299 60 364 cee 110 663
Petroleum coke ., .. 120 . 722 . " o e 120 799
Asphait and road ‘o 1506 ... 226 . 1,506
Peirochemical feedstock off :
iquelie xgﬁ“ery gas . . .. -
i roleum ga I :
¥htha (—400’) <. pld44 - 6,576 . 1444 6576
Muce lané;u.n;. (+400%y o
Total ..o.vviiineiinennen. ceeens .. 226 1506 1,698 8,086 60 364 1,984 9906
Total d ic prod d d ...l 318 2,000 2,545 18,090 6,627 35,600 187 861 9,627 51,551
¥ Incjudes li d refinery gas and natural gas liguids,
* Includes bunk and military transportation.
* Incijudes some fuel and power use by raw material industries.
. des LP gas for :ymheuc rubber,
—Petrolcnm mnsumption by major products and by major consuming sectors
' T R—
1 d generation, ol lom
H&u:mg;.; Industrial Transportation utilities product demand
11 Million Trillion Million Trillion Million -Trillion Million Trillion
PI'J‘a‘:-l;:ll; TnBt::, " banlgll: rﬁt\; b;r:ds B(:x barrcls Btu  barrels Btu
’ YEAR 2000 (LOW') .
Fuel and wer' 85 341
Liquetied gases ................ccc.iinvnenn 31 124 4 16 50 201
s B wid b oy S e
asoltne .. ! B 7 10
Kerosine .. 6 34 1 6 P
38 222 13 76 420 2,449 o 471 >
Rlessllltlll:;le t!l‘ll:ll 18 113 ég% ' g;g 90 566 137 ;%; %,;g;
-Still gas ..... . . »
Pel.ro‘l‘eum COKE ... . 81 487 81 487
Total ... 93 493 424 2,565 5,408 30,221 137 861 6,057 34,140
Raw_material: )
Special naphthas .................... ... - ;l %g; o m e - 57,21) %%
Lubes and waxes 4&]) 2% - Ji A
Ket‘xglfum &:oke dit 355 1499 s e e o 1589
ait and road oil , - P
p:’:’mchemucal feedstock ‘offiake | o . B0 4058 890 4053
Other ... oottt c i . . e
0+ T 225 1,499 1,021 4,802 40 243 1,286 6,544 -
Total d ic d d d ..... 518 1,992 1,445, 7,367 5,443 30464 137 861 7,348 40,684
‘ ’ YEAR 2000 (HIGH)
Ryt 1 500 2006 65 24 90 sl (88 230
Jet fuels (gﬁemsme and naphtha types) ...... .. .. .- ; ,ggo zg,ggo . . e
Gasoline ... ... i i it .. e .. 108 ,220 1:246 vee - ,259 188
x‘gmff ate fucl 1 1 038 5,5;; 260 1516 640 3732 .. 101,800 11,080
R;llld:af fuel .... "370 2,327 igz ggig 215 1,852 1,200 7.544 2,};% 1 g,gi;
Still gas ......... . £ 8
Petrol eum ke L.iiiiiiiiiiaie PR . N 172 1,034 .- 172 1,034
Total ..o i s 1,890 10,276 1,394 ,200 7,825 43,827 1,200 7,544 12,309 69,946
Raw_material: ]
Special n J)hlhzs gg ;gg .. 394 . ... 133 ;32
Lubes and waxes . . 253 1059 158 1908
Petroleum coke . ... ... L W2 .. 20 e
P trenmial feedarock fiake RGP Y WY 2,970 13,525
tl;:ggrchemmal eedstock offta ] 3z i 22
Total 550 3,664 3,488 16,484 65 394 4,103 20,542
Total domestic product demand ..... 2,440 18,940 4,882 24,783 7,890 44,221 1,200 7544 16,412 90,488
3 Miscell uses including natural gas liquids used in secondary secovery operations and oil used in protein synthesis.
Source: Reference (1, pg. 173)
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Increasing dependéncé on foreign oiis has béen brought about by two
con&erging trends: A(l) The increasing use of oil to help offset the
supply lag by the other energy commodities, and (2) decreasing ability
to meet the increased oil reqﬁirements from domestic sources. The con-
vergence between demand ahd-supply has important political and economic
impiications that are analyiéd.in the discussion which foliows.

The present oil éituatioﬁ»is the result of'évents that began 25vyears
ago, when demand for all goods and services explodea following the relaxa-
tion of World War II controls. Reéponding to sharply higher demands for
0il, the petroleum industry increased,explorafioﬁ-and épplied newly de-
veloped productioq technology. At the same time, rising foreign oil
imports began t; dampen the growth in demaﬁd for domestic oil and demand
was further slowed following the 1956-58 recession. Supplies of oil,
therefore, increased much faster than demand, and large amounts of spare
producing capacity developed (Figure III-2). The over-supply conditions
peaked in 1964, when the Nation could have increased production by nearly
40 percent. Over most of this period, the wholesale price of oil re-
mained virtually unchanged.

With an ever-increasing amount qf supply and a relatively stable
wholesale price, the petroleum industry héd neither the need nor the
economic incentive to spend money to develop new oil supplies (Figure III-3).
However, large sums of. money have‘been expended in recent years to acquire
leases, which strongly suggests that the industry has been prefaring a

base for renewed exploration and development (2).
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New additions to produetive cepacity must be developed if this Nation
is'to continue to have some spare capacity for emergency conditions, since
all of the spare capacity is now essentially‘gone.' Over the short term,
these trends can be altered by technology; prices, and fofeign oil imports.
Over the longer term, the development of the Nation's vast supplemental
energy Ssources can provide the flexiblebeupply options that will be needed

to stabilize the energy situation.

1. Crude Petroleum Recovery

The recovery of petroleum from known oil fields has followed a grad-
ual evolutionary process, responding to both improving technology and the
changing character of the discovered fields. The earliest period of fhe
petroleum industry was charactefized by a lack of understanding about how
best to produee oil, and many fields were abandoned foliowing the cessa-
tion of primary flush production. Substantial improvements in oil recovery
.were made during the 1920-40 period, with the discovery of many of the
Nation's major natural water-drive fields (East Texas, for example)._
After 1940 the overall trend was the discovery of oil fields which were
not capable of yielding as high a recOvefy efficiency as those discovered
in the 1920-40 period. The decline in reservoir quality, however, was
gradually offset by the introduction of formation fracturing and the

- large-scale application of secondary recovery.
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A constantly improving production technology has permitted the
average recovery'from a field to increase at an estimated annual rate
of about 0.5 percent over the past 20 years; the current total
recovery is about 31 percent of the oil that has been discovered to
date. This trend is due mainly to the injection of water into‘oil
fields to supplement or replace the natural energy of the field.
Improvemenfs are béing made, but the types of oil fields now being
found are not as susceptible to this technique as those that were
-found in the past.

The interrelationship between:price,>technology, and supply
has been described (g) and is illustrated in Figure III-4.l/ As shown,
the amount of "proved reserves" plus those estimated as "economically_

- producible” at current pricés_fotaled about H9 billion barrels in 1965.
An additional 22 billion barrels was estimated as physically recoverable
using conventional fluid injections,_but_this-oil.is contained in
marginal fields and fhe application of the technology is more costly.
The last category in Figure iII-4, "Recoverable using new teéhnology,".
refers. to the application of miscible fluid drive and in situ

. combustion to recover oil, but wideépread application of

these techniques could be justified-econdmically only if the price

;/ The Interstate 0il Compact Commission last made estimates in.
1965 of the amount of oil that could be produced by secondary
recovery if such techniques were actually applied to known oil
fields. Although the data was dated, the supply-price concept
discussed above is wvalid. '
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Figure III-4 - Petroleum recovery depends on Technology. .
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of oil were to advance.significantly. Complete adoption of all recovery
methods where applicable to existiﬁg oil fields cquld physically recover
nearly 100 billion-barre1§ of oil from these fields.

Production of crude oil from known resérvoirs, therefore, depénds on
both téchnology and oil prices. Higher priées and/or improved technology
would make it profitable to extfact substantial amouﬁts of additional oil
frbm fields thch are now'economically marginal. Our ability to continue
to advance technology and the economic availability‘of energy supplies
from o0il shale, coal, and tar sands will determine future price relation-

ships for energy sources.

2; Increased Discovery
No matter how efficient -and sophisticated recovery techniques become,
they necessarily ﬁust follow and depend upon initial discoveries made by
exploratory drilling. Since the act of discovery is the genesis of proved
reserves, discovery trends and related technology have been intensely
studied (4-6). The voluminous data developed in these efforts show
that:
1. Exploratory drilling has consistently declined for the.past
15 years, the longest decline in the history of the industry.
2. New oil discoveries have also -followed the downwérd trend.
3. E#cept for Northern Alaska, the 611 deposits found are getting
smaller since the most favorable prospects have been dis-

covered and developed first.
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4, The cost of exploration énd development 1is iﬁcreasing

sharply as deeper formations are probed both on land and

in more costly offshore and Arcfic environments,
5. Discovéry technology-is in a mature state of develoﬁment

and dnly evolutionary improvements can bé expeéted.
The 1968 discoveriesvof oil on the North Slope of Alaska and in
~ some offshore areas are exceptions to the record o£ the U.S. petroleum
iﬁdustry, which can otherwise be charécferized as a mature extractive-
industry well into the decline stage of its discovery cyéle. Although
many billions of barrels of oil_have been discovered in the Arctic, oil
from this region could be limited b& the availability of adequate
transportation to markets. If the Trans-Alaska pipeline is constructed
as proposed,'about 2 million.barrels per day of oil from Alaska will be
available by 1980. While this involves a significant amount of oil,
it will only supply a fraction of the increase in demand between 1970
and 1980. The Uﬁited States must continue to look to the Lower 48
States and the Outer Continental Shelf for a major portion of future
domestic supplies. 'P¥oduction increases in those areas can occur
only if the tempo of éxploration is significantly and successfully
expanded.

Extensions of old fields and discoveries of new fields at

conventional or gréater depths are forecast for all regions covered

by the extensive study completed by the National Petroleum Council in
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1970 (7). 1Indeed, thé total volume of ﬁndiscovered 0il and gas in this
Nation is expected to equal or surpass the volﬁme-that has been dis-
covered from 1859 to the present. However,.there is little likelihood
of a technical breakthrough that will significantly alter discovery
rates.

It is not possible to accurately predict the amount of oil that
will be discovered and recovered in the future. Advances in exploratiop
and recovery techmology, the randomness of discover&, economic incen-
tives, and Govefnment policies related to ieasing, foreign oil imports,
taxation, price controls and supplemental source dévelopment all bear
directly on future oil supplies from doﬁestic sources. But even if a
sigﬁifiéantly increased exﬁloratdry effort were started immediately and
were highly successful, from 5 to 10 years would be required before the
new discoveries could be_deVeloped into producing oil fields with .sig-
nificant output.

3. Projected Supplies of Domestic Crude Pefroleum.

Many variables influence the supplies of domestic oil that can be
developed. Two of the most significant are the fate of discovery (find-
ing rate) and the rate of development;(drilling rate). The NPC Summary
Report, December 1972‘(11), considers four cases which are combinations
of two finding rates and tﬁree drilling fates. The low finding rate is
based on past trends and the other is approximately 50'percent higher.
The low drilling rate is based on the current &4 to 5 percent per year
downtrend.’ The high.drilliﬂg rate corresponds to the nearly 6 percent
per year growth attained following World War II. The following tabula-

tion summarizes the four cases considered.
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Cases Analyzed

Highest Lowest
Supply Supply
Variable I II III IV
Drilling Rate High Medium Medium Current
Growth Growth Growth " Downtrend
Finding Rate High High Low Low
_ - North Slope Production Starts
0il 1976 1976 1976 1981
Gas - 1978 . 1978 1978 1983

Table III-6 shows the projected total petroleum liquids productidn.rates
for 1975, 1980 and 1985 10)
Table III-6

TOTAL U.S. CONVENTIONAL LIQUID
PETROLEUM PRODUCTION

, MMB/D

1970 1975 - 1980 1985
Case I 11.3 10.2° 13.6 15.5
Case II 11.3 10.2 12.9 13.9
Case III 11.3 9.8 11.6 11.8
Case IV 11.3 9.6 8.9 10.4

Figure III-5 shows a breakdowu by sector of past and projected oil supply
'cofresponding roughly to Case IV. As indicated earlier in Table II-1
25.0 MM b/d are projected as the need for liquid fuels in 1985. The.
difference between the 10.4 to 15.5 MM b/d potential production and the
need represents»the shdrtfall that must come from some other source--

imports or substitute fuels.
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Figure III-5 - U.S.A. 0il Supply
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-'4; 0il Imports
.Tﬁe United Stafes is critically dependent upon liquid and gaseous
" fuels thaf presently can only be obtained; in the quantities needed, -
from conventional petroleum'sources, both foreign and domestic. This
will remain true for the next 10 or more years regardless of the
pfogress made in the extraction of liquids and gases from coal and
0il shale, because long lead times are necessary to develop these
suéplemental sources. The adequacy, security, and cost of petroleum
-supplies have a direct influence on the Nation's national prqduct, trade
position, diplomatic posture,.and military capébility.

Under these circumstances, Government has the reéponsiﬂility to
encourage a favorabie administrative and economic climate under which
‘the Nation's petroleum industry can provide oil and gas supplies that
are both secure and adequate, at the lowest practicable cost, and with
minimal envirohmentél impacts. In addressing itself to this responsi -
bility, the Federal Government in 1959 made the fundamental determinatiop
that unless the domestic market was shielded from foreign supplies,
too large a share of it would eventuaily come to be dependeht upon
foreign sources, Subjéct to denial by eithgr political or military
action. With security of supply as the primary criterion to be sgtisfied,
a policy and program restficting.foreign 0il imports to a moderate

fraction of domestic production was enacted.
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The poteﬁtial insecurity of Middle Eas£ 0il supplies is evidenced
by the history of the past 20 years. In 1951 the seizure and shut-
down of oil facilities in Iran virtually stopped all oil exports
from that country for over 2 years; The Suez Canal, closed by Egypt.
for a period of 5 months in 1956, was again closed in 1967 and
remains closed at the time of this writing. The 1967 outbreak of
hostilities between Israel and the Arab Nations inéerrupted,.for a
brief interval, ovér-two—thirds of the oil supply to Western Europe.
Moreover, a 2-month embargo was imposed on oil shipments ﬁo the
United States, the United'Kingdom; and the Federal Republic of Germany
by certain oil-exporting nations. The Trans-Arabian pipeline was
ruptured in May 1970. Its repair was delayed by the Syrian Government
throughout the balance of the year. Concurrently, the Libyan Government
sharply curtailed production from oil fields located in that country.
These actions placed tremendous pressure on the world's tanker fleets,
forcing upward the éosts of chartgring tankers to transport this crude.

These interruptions in oil supplies occurred at a time when sub-
stantial switches from coal to imported residual oil were being made
. to meet environmental standards. Sharply increased residual oil demand
and limited availability of transport caused the price of residual oil
to increase by nearly 65 percent over the first 10 months of 1970. This

development largely was the result of dependence on foreign sources and

111-23



lack of adequate transportation. Today, nearly 94 percent of the East
Coast demand for residual oil is supplied by foreign imports. Of even
greater concern, the supply source is shifting from the relatively
secure South American oil fields to those of the more unstable North
African area, as'suppliers seek the low sulfur oil needed to meet
environmental standards.

In the case of crude 0il, spare domestic suppiies were drawn
down. Production from wells located principaliy in Texas and Louisiana
was increésed, and by November 1970, total production exceeded 10
ﬁillioq barrels per day for the first time in the Nation's history.
This daily production rate,lSOO;OOO barrels (or about S-percent)
greater than the average rate during the first 6 months of 1576,
served to replace the deficit in overseas supplies. This action was
possible during 1970, but by 1973 spare productive capacity will be
eliminated and it will no longer be possible to increase the oil output
from Texas and Louisiana wells. |

The 1970 broken pipeline in Syria and production cutback in Libya
affected less than 3 percent of the free world's oil supply, but this
3 percent is all it took to_force a major readjustment in world move- .
meﬁts of oil. Today, about 40 percent of the .total oil needs of .the
world are Supplied.by output from fields located in the Middle East

and - Northern Africa. These areas, moreover, have about 70 percent of

the free world proven oil reserves. Thus, the rapid increases in world
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demand that are now taking place must force increasing reliance on
these highly unstable supply sources. A new dimension to inter-
national o0il movements must also now be considered--~the demonstrated
ability of the oi1~expo§ting nat ions té act both separately-and in
unison to attain specific economic objectives at the expense of both
the oil companies and consuming nationé. Increasingly, the exporting
nations have won price concessions from producing companies which
uitimately must be paid for by consumers. The balance has now been
tipped in favor of the oil-exporting natioms.

0il is being used increasingly as a tool for obtaining political
and economic objéctives. In its supplemental energy fuels, however,
this Nation hés within i;s own borders the 0il equivalent of several
Middle East oil fields. Technology for economic production of this
0il from our oil shale, coal, and tar sand resources must be developed
if oil supplies from these sources are to be available to meet future

fuel needs.

5. Suppleméntal Sources
Each of the suppiemental sources (coal, oil shale, tar sands) con-
taiﬁ vast quantities of recoverable solid organic materials that are
convertible to liquid and gaseous products. The oil represented by all
of these deposits in place is not measured in billions of barrels, as is

petroleum, but in trillions of barrels.
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Recent studies based on known but as yet commercially unproven
processes indicate that of these three potential sources of supple-
mental oil, coal is the leasl promising economically, requiring
an estimated selling pricé of ﬁpwards of $6.00 per barrel. The
economic picture in the casé of domestic tar sands is quite ne5u7
logs; however, baséd on gradual advances ovér a period of year§
by the operators at Athabaska, if appears that tar sand Operations.
proBably are approaching a profitable position. 0il shale i; |
thought to have the moét favorable cufrent economic position of
the three poténtial supplements; moét recent estimates indicating
large scale o0il shale operations would be nearly, if not actually;
compefitive with natural petréleum.

Processes for each of the potential supplements mentioned
above involve large scale material handling ﬁhich lends itself
to technological bfeakthroughs that may lead té_substantial cost
reductions. Scaling up from the current prototype development
state to multibillion-dollar industries will require years to
plan and construct both the industry and supporting communities.
In addition, the commitments of capital required for construction
of operating plants alonelwill range from $3,000 to $5;000 per
daily barrel of production; or from $3 billion to $5_billidn for.
a l-million-barrel-per-day output.

0Oil shale economics have sighificantly improved relafive to
crudé oil sinée this Department cdﬁpleted its last comprehensive.

analysis (9). Between 1966 and 1970, for example, costs have
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increased about 45 cents per barrel for the system identified in

the referenced study as thé "improved first generation" retorting
option. This cost increase, however, has been balanced by crude
oil prices which ﬁave risen by abouf $0.45/bbl. In addition, the
Tax Reéeform Act of 1969 changed the point of application for calcu-
lating depletion from the oil shale before entering the retort to
the shale o0il as it lgaves the retort, a change which increased

the tax allowance by about $0.15 per barrel. Since shale oil eco-
nomics have remained about unchanged or have.been slightly improved,
while those of crudé petroleum have declined, the economic viability
of shale oil productioq has been enhanced when compared to crude
petroleum. The alternative.that proves to be most economical will
depend on the positions of individual firms as they evaluate their
resource situations and future needs. Many firms may meet their
needs only through exploration and development of conventional
sources; others will move toward the development of alternative
sources,

The state of technology, the size of the investments required
to develop supplemental sources aé compared to alternative invest-
ment opportunities, i.e., Alaskan and offéhore 0il, and the plan-
niﬂg and associated.long lead time indicate that oil production
from any of the supplemental sources. cannot be a significant part
of totai supplies until after‘1980; The potential for the more

distant future, however, is great.
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IV. OIL SHALE: RESOURCES AND POTENTIAL

Large areas of the United States.are known to contain oil-shale
deposits, but those areas in Colorado, Utah, and Wyomiﬁg that contain
the shale-rich sedimentary rocks of the Gréen River Formation are of
-greatest promisé for shale oil produgtion in, the immediate fuﬁure
(Fig. IV-1). These oil shales occur beneath 25,000 square miles (16 -
million acrés); and of this area; 17,000 square miles (11 million
acres) are believed to contain oil shale of potential yalue for commer-
cial déyelopment in the foreseeable future,

The known Green River Formation deposits include high-grade shales,
in beds at least 10 feet thick and yielding 25 or mofe gallons of oil
per ton containing about 600 billion barrels of 0il. 1/ ‘Recovery of
even a small fraction of thié resource would represent a significant
energy source adequate to supplément the Nation's oil sﬁpply for many
decades,-préviding economic and environmentally safe methods of shale
oil production are developed.

It has long been known that petroleum liquids and gases cén be ob-
tained by heating oil shalé in a closed vessel called a retort. Commercial
production of shale oil abroad.actually preceded by several decades the
drilling of the first oil well in the United States. Shale oil industries
have been established in many foreign countries in the past and.exist

today in mainland China and the U.S.S.R. Although the Ute Indians used

1/ An additional 1,200 billion barrels are present in place in lower
grade shales, in sequences more than 10 feet thick that have an
average yield of 15 to 20 gallons per ton.
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Figure iV-l -0il Shale areas in Colorado, Utah and Wyoming

Yernal @

Meeker  Rwet

/J/ . ‘ PICEANCE CREEK
LS

Area of oil shale deposits

Area of nuhcolite.or trona

eposits

_ % Area of 25 gal. /ton or richer

oil shale 10ft. or more thick

0 25 50 100
= —— |
SCALE, MILES

IV-2



0il shale for campfires long before the first sét;lers arrived in
Colorado, Utah, and Wyoming, interest in the commercial development of
this extensive potential source of energy has fluctuated widely. Some
oil from shale was produced prior to the. 1859 discovery of natural
petroleum, but industrial attention did not focus on oil shale until
immediately prior to 1920, when there was some concern that doméstic
petroleum resources might become inadequate. Interest declined at
that time as ample supplies éf'liquid petroleum were diséovered and
developed, 0il shale deposits were withdrawn_from leasing pursuant to
Executive Order No. 5327 of April 15, 1930, subject to certain later
modifications (l) which authorized leasing of oil and gas and sodium
in accofdance with the terms of the modifications.

| The Synthetic Liquid Fuéls Act of April 5, 1944, as amendéd
(30 usc & § 321-325), made possible a large-scale oil shale reséarch _
and demonstfation effort by the Department of the Interior's Bureau of
Mines during the period 1944-56, This effort was aimed at the creation
of a new and more economic minihg,_retorting, and refining techn§logy,
and also sought to provide reliable information on the costs of commer-
cial éhale oil production. Industry has also conducted extensive research
on oil shale processing; several methods have advanced through the demon-

stration phase as discussed in Volume I, Chapter I,of this study.
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The Department's accumulated knowledge of this resource and ité
expected potential were summarized in a compfehensive 1968 Interior
study (2). Contémporary and future technologies, and the public policy
factors that could influence tﬁe rate of development of this resource
were clearly delineated. Included also were estimates of the resource
size and land ownership status. Efforts, since the sfudy's publica-
tion have concentrated on: (1) an analysis of the ﬁrobable environ-
mental impact of oil-shale development, (2) the formulation of a
‘prototype leasing program within the framewqu of existing law, and
(3) a program to determine ownership of the oil shale where title
conflicts exist.

Commercial shale oil production, under the most optimistic
estimate, could begin about 1975 at a rate of about 18 million barrels
per year (50,000 barrels per day),'on the basis of anticipated
technologic progress. The first generation technology needéd for this
rate of production would be improved from 1976 to 1980. This develop-
ment stage will be reflected by only small increases in annual produc-
tion of about 18 million barrels per year as the new technology is
applied. By 1980 a productive capacity of more than 100 million barrels
per year (300,000 barrels per day) could be established. More imporfantly,
the technology probably will have been advanced to the point where

large incremental increases in production could be achieved. Also,
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the nucleus éf people, supporting services, facilities, and experience
needed for this expanded effort will have been established.

After 1980 the second generation extraction-retorting systems
would be expected to permit annual additions to shale-oil productive
capacity of about 37 to 73 million barréls per year (100,000 to
200,000 barrels per day). The rate at which oil shale may be
developed provides the framework within which subsequent calculations
may -be made, considefing both the stége of technology and the size
of the capital investments that will probably be required. The
cumulative six-plant capacity of 300,000 barrels per day by 1979
reflects the necessary construction and evalpation phase of this
'ﬁew technologic development. Second generation technology could be
expected to be available by 1980, eﬁabling the large increases in
capacity from surface processing systems shown in Table 1y-1. 1t is
assumed that seven installations with a cumulative capacity of 460,6b0
barrels per day will be constructed on both private and public lands
in the period 1973 to 1981 (Table IV-1). 1In situ retorting maf also
be advanced to the point where the first commercial operation éould
be initiated. By 1985 cumulative capacity is estimated at 1 million

barrels per day from both private and public lands.
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Table IV-1 - Projected Shale Oil Capacity - Cumulative

(Thousands of Barrels per day)

.Colorado- Utah Wyoming Total
Federal "= Private Federal Federal
land o land land land

1973 -- .- -- - -
1974 - - - -- --
1975 —~ - -- - --
1976 -~ 50 -- | -- 50
1977 -- 50 - -- -- 50
1978 50 | 100 | - -- 150
1979 | 150 100 -- .- 250
1980 150 | 100 50 o -- 300
1981 150 150 50 50 400
1982 -- o S : - 550
1983 - -— - - 700
1984 -- - -- -- 850
1985 - R -- S 1,000
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V. -ALTERNATIVES TO OIL SHALE DEVELOPMENT

The principal alternatives to the proposed protétype oil shale
leasing program are of fwo types: those that can be implemented
through public policies and those that can be implemented by sub-
stituting one energy form for another. The alternatives are not
mutually exclusive and, therefore, interact. Moreover;-considering
supply/demand projections, all sources of energy may have to be con-
sidered supplementary rather than alternative with reduced consump-
tion being the only Qiable alternative (148). They are separated

in this document only to facilitate the discussion.

A. Alternative Energy Policies
1. Reduction in Demand for Energy

‘One alternative to tﬁe production of 1 million barrels per day
of shale oil by 1985 is to reduce, in some manner, the need for
liquid energy products by that quantity by the year 1985.

Before proceeding with a discussion of this alternative, the
motivation for the proposed oil shale leasing program should be
recalled. The emphasis §f the program is one of information gath-
ering to expana tﬁe range of options available for an energy con-
suming society presently committed to increased energy consumption..
Furthermore, energy conservation will also be evaluated as an
aiternative in this section. _Mbst significant measures for energy
conservation require intensive social and legal changes which mqst=
be begun now in order to achieve results in the near futuré.

In Section II-A of this report it was noted thét energy demand
correlates closély with gross national product (GNP), whiﬁh, in -

turn, correlates closely with both population and per capita income.
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The increasing use of energy has therefore been correlated with
increasing affluence and a rising material standard of living. This
is the nature of the past and presentbéulture. In part, perhaps
because the economic cost of energy has not taken full account of
environmental costs and because supplies of resources have beén'
ample, growth in energy demand has been 1ittle constrained by its
cost. Now, however, in the face of increasing concern over the
quality of the enviromment, declining energy resoufces, and a high
material standard of living, it is appfopriate to consider whether
historic energy consumption patterns should be allowed to continue
'unabated. A number of writers have argued that it should not.

Among the more recent works_are those of Profeésor Meadows and a
group at MIT working in collaboration with the Club of Rome's pro-
ject on the Predicament of Mankind (1), the "Blueprint for Survival"
statement published in the Ecologist (g)? and an article by Michael'
McCloskey, executive director of the Sierra Club (3). Professor
Commoner (4) has warned of the consequences of continuation of cur-
rent technological trends.

Not all scholars agree with such arguments. Drs. Kneese and
Ridker of Resources for ;he Future (5) and Dr. Abelson, president of
the Carnegie Institution and editor of Science (6) take issue with
results of'the MIT project, principally on grounds that
technological improvements have kept pace with demand in the past and
are iikely to do so in the future. Indicated in these contrasting
opinions is thé difficulty of social changes coming about that would
obviate energy shortages through the_desirable alternative of demand

reduction.



There are essentially two ways of reducing the growth-in energy -
demand: (1) reduction in population growth and (2) reduction in per
capita energy consumption. Both measures could be. encouraged by
govérnment poliéy. The following analysis describes policies which
gévernment can exercise to control population growth, but points out
the limited extent to which population control affects the rate of
growth of énergy demand. The réle of government policy in influenc-

ing the per capita energy consumption is discussed in the subsections

. a and b below.

Governpent policy has, or can have, a limited impact on rate of
population growth. Strict immigration laws can control the influx
of aliens. Tax, welfare gnd,military compensation, and even draft
structures, often encourage lafger families. Reéform of theée poli-
ciés, along with effective‘public education programs on birth control,
éould reduce_the number of large families. Free clinics for birth
control, abortion and voluntary sterilizatioﬁ all bhave direct impact
on rate of births, and thus, on population growth.

In the absence.of such policies, the current base forecast of
the Bureau of Census, Series D (7), shows population growth comparison

with Bureau of Mines energy forecast (8):

Total energy Per capita
Population Percent . consumption consumption Percent
Year (million) change (trillion Btu) (million Btu) change
1970 204 - 68,810 337 -
1975 216.2 +67 80,300 372 +10%
1985 243.3° +117% 116,800 479 +29%
2000 279.7 +207% - 191,900 688 +44%
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Clearly, the increase in per capita consumption is far more
important to growth in energy demand than the growth in U. S. popu-
lation.. At the extreme of replacement fertility and no new immigra-
tion (103) growth trends. would be:

Total energy Per capita

Population Percent consumption consumption Percent
Year (million) change (trillion Btu) (million Btu) qhangg

1970 204

- : 68,810 . 337 -
1975 214 +5% 79,500 372 +10%
1985 233 +97% 111,600 479 +297%

2000 256 +10% 176,100 6388 +44%

The continued increase in population to the year 2000, despite
a zero population growth rate, is due to the age distribution and
consequent fertility expectations of the existing populétion.

Population growth is in a transitional phase; United States
population growth rates appear to be declining without government
intervention. The most likely rate of growth of population is the
Bureau of Census's Series D and E, which shows population increases
only 1.0 to 1.2 percent per year through 1985 (104). Thus, only
about 1 percent of the growth in energy demand of about 4
percent per year can be.attributed to increased population. In-
creased per caﬁita consumption with increased per capita income
and income growth céntribute the balance. Thus, it appears that
dnly iimited effect on energy demand can be made.by altered popu-

lation trends.



a. More Efficient Energy Use

A reduction in the rate of growth of per capita energy demand
could be accomplished by (1) reducing the rate of growth of demand-
for the goods and sefvices produced by the energy demanded, (2) pro-
ducing the demanded goods and services more efficiently, or
(3) converting energy sources to ﬁéeful Work‘more efficiently.

A report prepared in October,1972 by the Ofﬁice of Emergency
Preparedness (OEP), "The Potenﬁial for Energy Conservation,” (105)
offers many helpful suggestions on a variety of ﬁeans to save
enefgy. These range in scope from what the individual can do
immediately, i.e., thermostat control, shutting off lights, ete.,
to longer term measures such as pﬁblic transportation. The United
States has developed the largest and most sophisticated system of
energy consumption in the world. ©Such a system is slow to change,
but past patterns can be altered in the future if the national effort
is directed toward the transportation, residential-commercial,
industrial, and eiectric utiliﬁy sectors of our economy. Each of

these major energy users is discussed in turn below.}/

(1) Transportation,- The transportation sector currently
accountsffor‘approximateiy 25 percent of the total energy consumed _
in the United States. Singe petroleum provides 96 percent of this
requirement, about one-half of-all oil used is consumed in trans-
portation. Shifts among transportation modes in recent yearé have

been based on factors such as convenienience and speed rather than on

1/ This discussion of the four sectors is based on the OEP
report (105).



the efficient use of energy. Intércity_movements of passengers and
ffeight have been increasingly provided By airplanes.andrtrucks
instead of by railtoads and busesf Within the city, the érivate
automobile has becgme the preferred mggns of transportation.

More than 50 percent of.total transportation energy consumed
can be attributed tq automobiles, and more than,one-half of this
amount is used in urban areas. This suggests that urban trans-
-portation has considerable potential for energy démand rgductiop.

Short-term measures to save transportation energy include edu-
cational programs to use automobiles more efficiently or to substi-
tute communication for personal contacts. More powerful incentives
to accqmplish this end includeitaxes and direct regulations. Over
the 1oﬁger term, high—quélity public transportation offers a prom-
ising way to reduce energy consumption. The possibilities can be
extended by_systematic planning that incorporates the concept of
transportation systems into urban development. Energy savings
through these measures are discussed in the following section.

(2) Residential and Commercial. - The residential-commercial
'sectgr accounts for about 21 percent of total energy consumption.
The ﬁgjor requirements are for space heating and cooling, water
heating, refrigeration, and cooking.

The_OEP report suggests a number of useful measures that can
be used by the publi; to reduce energy use. These include turning
off lights when not in use, utilizing appliances such as washing
machinés more efficiently, and keeping énergy using équipment in

good operating condition. Over the longer term, further reduction
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in energy demaﬁd could be achieved through manufacture of more
efficient energy using items, i.e., improved stoves, refrigefators,
wafer heaters, and lighting devices. A key target in this sector
is increasing the energy efficiency of air conditioners, many of
which ére highly inefficient. Another target is to improve the
insulation of homes. This, however, will take time because it ié
more efficient té insulate new homes than to add additional insuiatiop
to existing structurés.

Commercial energy use, over a long term, could be reduced
by designing buildings with energy saving in mind, Window areas
could be reduced, building direction and location could be varied,
and better insulation could be.installed. Thére will be a time
lag, however, because many of these changes would be practical only
for new buildings. |

(3) Industry.- Energy consumption in the industrial sector
accounts for approximately 29 percent of total energy consumption
in the United States. The major consumers in this sector are the
primary metals, chemicals and allied products, and petroléum
refining and related industries. These industries are responsi-
ble for over 50 percent of total industrial energy consumption,.

There has been a tendency towards more efficient energy use
in most industries and a notable efficiency increase in the steel
industry, It is suggested by’fhe QEP report that many industries
"could easily cut energy demand by 10 to 15 percent (and probably
much more) over a period of time by accelerated retirement of old

equipment , more energy-conscious process design, and upgrading and
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increasing maintenance of existing equipment.” Long-run measures
include reliance on technological advances and the "reuse and
recycling of matérials."

(%) Electric Utilities.- The electric utilities sector pres-
ently uses 25 percent of total priwary energy consumption in the
generation of electricity. Much of the discussion in the OFP repoft
is'in terms of more efficient sources of power generation. Im-
proved efficiency of conversion is considered in\chapter V, Section
C-10, of this volume.

Potential long-run measures for reducing energy inputs to
electricity generation include the construction of new and effiéi-
ent facilities and improved utilization of waste heat. A possible
short-term measure is to level the variation in demand, thereby
reducing the use of the inefficient equipment needed to wmeet peak
 power demands.

(5) Potential, Logistics, and Costs.- General suggestions on how
conservation of energy might be attained through improved efficiencies'
of energy use and through reduction in demand do not necessarily
imply easy solutions. The interrelationships between various forms
of energy.uée patterns, together with:éssociated pollution control
measﬁres presently being advocated, are extremely complex., Recom-
mendations of what, at first, seem to be simple solutions, must be
analyzed in depth to examine all possible effects not immediately
apparent. For example, one suggestion to reduce the quantities
of electricity consumed is to reduce. excessive urban lighting Qhen

the trend is currently towards increasing it. However, proponents



quote crime statistics to show that significant reductions in

street crime have resulted in areas where lighting is increased.

The trade-off, here, is a social‘benefit.at.the cost of increased
use of energy. Other sﬁggestions, however, can be implemented with-
out serious social oﬁertones, for exémple,‘by replacing the 3
millién outdoor lights now being fueled by natural gas with electric
bulbs would release enough energy to heat about 600,000 homes.

The design of buildings to decrease window area, therefore
leading to less heat loss from the building, illustrates the tech-
nical complexities that must be considered. A decrease in window
area, for example, results in need for internal lighting brought
aboﬁt by loss of outside light. But the possible gain in heating
the building may require.an offsetting increase in air-conditioning
capacity to remove the heat created by the added light. Complete
energy balances are required to assess these complex interrelation-
ships to determine what system ﬁould yield the most efficient
energy usage. .

Time is a key characteristic of major changes in energy use.
Even after the studies are coﬁplete, implementation plans would have
to.be formulétéd and recommendafions made. Many years would
normally pass before implementation, and long perilods are required
before any significant impagt on net energy consumption patterns
of the United States is seen, even assuming that general accépt-
ability by the public can be obtained.

For example, to reduce energy demand by 250,000 barrels per day

of oil in 1980 by switching from private automobiles to buses in
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urban transportation would requi;e an initial investment in buses
of nearly $10 billion.g/ This measure would require the construct-
ion and operation of 240,000 buses, five times more buses than the
50,000 currently operating in local transportatiOn.g/ This number
of buses could transport 27 million people to and from work each
day, nearly one-third the total present civilian work force of 84
million pérsons.

Rapid transit systems require extensive planhing and signifi-
cant amount of money for construction. To reduce energy con-
sumption in urban areas by 250,000 barrels per day by substituting
subways for cars would require an expenditure.of $26h billion; about
$1 billion forleach 1,000 barréls of oil‘saved.é/ Savings in
excess. of 250,000 daily barrels would not be possible for urban
application, since the $264 billion expenditure would be sufficient
to build 189 subway systems similar to that in San Francisco, or
enough to supply nearly every major American metropolitan area with

such a system,

2/ The substitution of buses for private automobiles in urban

T transit reduces the consumption of energy by 3,820 Btu per
passenger mile.(lgé), A transit bus operates, on the average,
575,300 passenget miles per year {107)and has an initial cost
of about $40,000. The capital cost ror buses is thus $18.20
per million Btu saved per year.

3/ Rapid transit systems such as subways reduce energy consump-

T tion by 3,930 Btu per passenger mile compared to private
automobiles (108). The San Francisco subway system is expected
to operate T15 million passenger miles per year and the capital
cost of the system was $1.4 billion(109). Thus, the capital
cost of subways is $500 per million Btu saved per year.



The growth of urban transportation systems would decrease the
number of individual vehicles in‘urban use, Additionally, the
number of vehicles needed would also be reduced, but if is likely
that the automobile would be used for access to bus or rapid transit
terminals. One reqent analysis(;lg) for eXample, has conéludea
that doubling the availability of pﬁblic transit in the next 15 years
would reduce total automobile usage by only 4 percent.

Insulatioﬂ of new single-family homgs offefs good potential for
energy reduction, as previously discussed. Assuming that every
new single-family dwelling was optimally insulatedg/ and that
annual starts reméin at the current level of 1 million per year,

- the maximum energy savings by 1980 due to insulation would be

about 250,000 barrels of oil per day. The cost of achieving these
savings would total some $5 billion. In the absence of legislation,
however, an individual homeowner would need to be convinced that the
initial capital investment wouid be offset by lower annual costs.
The esti@ated overall net monetary savings for each homeowner would

total about $38 per year (111).

h/ It has been estimated (1ll) that the net additional cost of

- optimally insulating an 1,800 square foot house in the New
York City area is $632. This is the cost of insulation
above minimum FHA standards (pre-June 1971 standards) less
the reduction in the cost of the furnace and air conditioner
equipment required. "Optimally" insulated is defined as
that providing the maximum net monetary saving to the owner.

The annual heat saving per house would be 66 million Btu.
The capital cost of saving energy via house insulation is
- thus $9.58 per million Btu per year. To save the equivalent
of 250,000 barrels per day of o0il would cost $5,078’million
and require the optimal insulation of 8 million houses.
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| Although there is a potential for energy saving in industry,
~much of the industrial sector is already utilizing eﬁergy in a

" fairly efficient manner.  Additional saving will come about in
time as less energy efficient equipmenf is replaced. This trend
would be greatly accelérated if fuel prices were to increase
significantly. The Paper and Allied Products sector was mentioned
as one susceptible to such a reduction by OEP, This industry
consumed 1,121 trillion Btu (ll@ in 1968 and had Aeéreciable
assets in that year valued at $1L.L4 billion a13. 1r process
improvement to realize a lO-percent fqel saving required replacemeﬁt
‘of 10.percent of the industry's depreciable assets, the capital
cost of eﬁergy reduction would be $12.85 per million Btu reduct-
ion per year. At this rate, the paper industry would be able to
save the equivalént of 53,000 Barrels of oil per day by the ex-
penditure of $1.44 billion.

Another aSpect of the Nation's total enefgy balance is pro-
grammed  inefficiencies resulting from attempts to achieve other
national objectives that are in direct conflict with a major nat-
ional need to increase efficiencies. The dramatic increase in
gasoline demand is_a case in poinf. The effect of vehicular emiss-
ion standards is already being seen in the Nation's demand for
gasoline; In recent years,-passenger car registrations have been
incréasihg at a rate of 3 to 3.5 percent per yeaf.

However, during'the first half of 1972, gasoline consumption
has jumped to 6.5 peréent over the previous year. The différence

of 3 percent is equivalent to a consumption of about 180,000 barrels
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of . oil. per day. Nothing in terms of vehicle population or miles
travelled per vehicle could alone account for such a sharp increase.
The post-1968 emission controlled vehicles are obviously producing
an upward pull on gasoline demand which will become increasingly
greater with each passing year as controlled vehicles become a
greater part of car populations. By 1980, the increase in oil re-
quirements due to emission controls is estimated to range from
800,000 to 1,200,000 barrels each day (105). |

Current proposals to reduce the lead content of gaséline will
also have a dramatic impact on petroleum consumption. If enacted,
these proposals are estimated to increase 1980 oil requirements 1.2
million barrels per day (;;_);

The full ramifications of what appears to be a simple solution
to a problem areboften overlooked. TFor example, reducing the lead
content in gasoline is relatively easy to achieve, but this measure
would require additional crude oil for refinery runs to produce
gasoline of acceptable specifications plus additional oil owing to
decreased efficiencies'in the use of gasoline in motor vehicles,
Domestic production cannot be increased to offset this incremental
demand, and dependence upon Eastérn Hemisphere oil suppiies
would increase about 20-péfcen£‘over what is currently projected,

Hwith attendant increasé in problems of security, foreign policy,
and balance of trade., To ship and process 1.2 million additional
barrels of oil daily will'reqﬁire 76 additional arrivals each month
of the T70,000-dead-weight-ton vessels now serving U.S. ports and 10

additional new refineries of the average size now being constructed.
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The cost of lead restrictions is estimated at $48 billion in this
decade, and the incremental balance of trade deficit would total $1.1
billion each year.

The discussion above is not meant to imply that changes are
not needed in the Nation's energy consumption patterns. ‘The
Nation has been using low;éost energy in many wasteful ways.

The point is that physical limitations do exist and that simple

. solutions to a particular problem may have faf réaching effects.
These changes are not free, but, indeed, may be very costly. The
illustrations above indicate the complexity of the problem and
sugggst the need to have a wide range of options available for
energy relateé decisions with.sufficient time allowed for imple-
mentation,

Pérhaps even more important and less predictable are the

changing habits and preferences of society's members,

b, Limit Economic Growth

The basic premise of this alternative is that industrial and
economic growth and clean ehvironment are mutually incompatible.
In this regard, a recent review (110) concluded that:

In the 15 years between 1950 and 1965, the U.S. labor force
increased by 12 million. It took an average annual increase
in Real Gross National Product of 3.75 percent to provide
Jjobs for these new workers. By comparison, 23 million people
'will enter the labor market between 1970 and 1985; and
assuming that there is the same rise in productivity as we
experienced between 1950 and l965,_it will take an annual
increase in Real Gross National Product of 4.25 percent just
to keep unemployment at the current level.
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With these figures in mind, the impact of zero economic
growth on the job market and national economy is clear.

What the advocates of the zero ecohomic growth philosophy .
seem to minimize is that society is going to need the jobs
and goods and services that industry provides, Advocating
zero growth also means telling the disadvantaged members of
our society, who strive for a better way of life, that their
goals are unattainable. o
To reduce enérgy demand by the équivalent of the projécted.
1985 shale oil production would entail réduction of energy consump-
tion from petroleum by an estimated 4.2 percent. ' The mechanisms
by'which demand would be reduced are not yét clear. Most entail
some method of regulation of“taxatioﬁ to alter consumption pattermns.
The OEP study contends ﬁhat there are basically three ways to
implement their suggested energy conserving measures, These are
standards and regulationé,”tax incentives, and education. Many of
the demand reducing measures depend on education and persuasion
.énd will involve a change in public habits and tastes. Even apart
from this, all three of thé suggested devices require public
acceptance. in a free society. The imposition of standards and
reéulations or édditional taxes will reduce individual freedom iﬁ'
consumption. Eddcation prdbably‘tends to enhance the individual's
capacity to make rétional decisions and to expand his range of
choices., The OEP potential enérgy savings are based on the assump-
fion that all the measures woqld be implemented. On the other hand,
they caution‘that no " in-depth analysis of feasibility or consumer
acceptance has been undertaken.“ It seems reaschnable to expéct

that some measures will be rejected on the basis of cost or prefer-

ences. Of course, there are suggestions by others,

V-15



Mr. McCloskey suggests:

A short-run strategy would involve the following changes in
public policy: ending or reducing the many biases in public
policies which provide incentives to energy growth; maintain-
ing and strengthening environmental constraints on energy
growth; reducing energy demands. by educating the public to
understand the importance of conservative use of energy; en-
couraging intensified research and development in order to

~achieve greater efficiencies in energy utilization and in
order to find new, more environmentally ‘acceptable, energy
sources; and discouraging growth in industries that are the
most profligate consumers of energy. Coordination of these
efforts would be facilitated through the establishment of
new government agencies, specifically geared to respond to
the energy problem. Each of these changes would involve
efforts that would go well beyond the traditional bounds of
energy policy, and all could have profound economic and
social impacts. Yet changes are already beginning to occur
in all these fields, and environmentalists are determined to
promote them (115).

The Blueprint for Survival provides the following "strategy for
change": - ,

The principle conditions of a stable society, one that to

all intents and purposes can be sustained indefinitely while
giving optimum satisfaction to its members, are: (1) minimum
disruption of ecological processes; (2) maximum conservation
of materials and energy or an economy of stock rather than
flow; (3) a.population in which recruitment equals loss; and
(4) a social system in which the individual can enjoy rather
than feel restricted by, the first three conditions,

The achievement of these four conditions will require con-
trolled and well-orchestrated change on numerous fronts and
this change will probably occur through seven operations:

(l) a control operation whereby environmental disruption is
reduced as much as possible by technical means; (2) a freeze
operation, in which present trends are halted; (3) a systemic
substitution, by which the most dangerous components of these
trends are replaced by technological substitutes, whose effeet
is less deleterious in the short term, but over the long-
term will be increasingly ineffective; (4) systemic substitu-
tion, by which these technological substitutes are replaced
by "natural” or self-regulating ones, i.e., those which either
.replicate or employ without undue disturbance the normal
processes of the ecosphere, and are therefore likely to be
sustainable over very long periods of time; (5) the invention,
promotion and application of alternative technologies which
are energy and materials conservative, and which because they
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are designed for relatively "closed" economic' communities
are likely to disrupt ecological processes only minimally -
(e.g., intermediate technology); (6) decentralization of
policy and economy at all levels, and the formation of
commnities small enough to be reasonably self-regulating
and self supporting; and (7) education for such

(116) communities.

c. Environmental Tmpacts
h To the extent that the costs of pollution associated with

production and consumption of energy are not,adgquately reflected
in the prices paid for such energy, utilization of energy resources
has been economically inefficient, Inclusion of costs of pollution
mitigation as é result of institution and enforcement of pollution
standards will tend to cause energy to be used more efficiently
in the future. Such higher prices will reddce'the demand for energy
below the levels that would be reached if pollution costs were not
réflected in the energy prices, providing the demand for energy is
significantlybelastic. |

(1) Mobile Sources.- If the demand for petroleum were reduced
by 1 million barrels per day in 1985, environmental damages to the
air associated with the consumption of this much oil would be
avoided. Tor example, the following tabulation provides estimated
quantities of air polluting emissions from mobile equipment for

1985 (117).
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_Table V-1 -Estimated Emissions from Mobile Equipment
(Millions of tons per year)

Autos Trucks &lBuses Adrcraft Off-Highway Total

Hydrocarbon 0.9 1.4 0.1 0.5 2.9
Carbon monoxide 12.7 14.2 .8 3.4 31.1
Nitrogen oxide 1.3 1.7 .09 1.1 4,2
Particulate .1 2 .05 .1 )

With crude oil demand estimated to reach a.minimum of 26 million
barrels per day by 1985 and a transﬁortation use of 13 to 14 million
barréls per day (118) a 1l-million-barrel-per-day reduction would
répresent a 7,7~ to 7.1-percent reduction in use in mobile equipment.
This reduction in demand presumably would result in an equivalent
reduction from the air polluting emissions from the mobile.equip—
ment as estimated above.

(2) Stationary Sources. - Another major air pollutant, sulfur
dioxide (502), is emitted from stafionary plants. The following tabu-~
lation shows estimated quantities of SOQ emissions which are projgcted
to occur in 1985 from plants burning petroleum and coal and from
plants smelting copper, lead, and zinc. These estimates are based on
the assumption that the same air pollution standards will be in.effect
in 1985 as were in éffect in.1965. Thus,.the quantities of SO
emission are likely to be considerably bvegestimaped if the technology

‘necessary to meet more recent standards is developed.
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Projected SO2 Emissions from Stationary Plahts, 1985-1/

(Million tons pér year)

Coal 106
Petroleum 8L
Smelting Copper 28
Lead 4.3
Zinc . 3.5
Total 222.8

l/ Interpolated from the figures in the source table for 1985

and 1990. Source: Reference 23, p. 326.

From the above, a reduction of l-million-barrels-per-day
would be equivalent to a 20-percent reduction in petroleum used
for stationary plants and would reduce 50y emissions ﬁy 12.5
miliion tons in 1985. Howevér, the 1-million-bqrre1-per-day
reduction in demand could only reduce either auto emissions
or stationary plant emission, or some combination, depending

on where the reduction occurs.

(3) Costs. - Another major consideration when evaluating
the environmental impact resulting from reducing demand for
energy is that of the costs involved in the reiated reduction
in‘environmental damage., Parts 1 and 2 above show that
cerfain atmospheric contamination would be prevented by not
producing, transporting and consuming the energy resources
derived ffom 1-million-barréls-per-déy of shale oil. Where
pollution standards are introduced and enforced, causing the

amount of environmental damage per unit of energy consumed to
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decrease with time, the incremental environmental benefit of
the regulation declines; the assbciated costs of the regulatioh
do not necessarily deéline. Achieving these envirqnmental bene-
fits, by means of reduction of energy demand, would be less
costly than achieving the same benefits through introduction.'
of regulatory étandards after having produced and consumed the
extfa eﬁergy.

Assuming that energy‘demandais reduced by. the energy
equivalent of 1 million barrels of crude oil per day, and
that this reduction is to be accomplished through a reductiqn
in fetroleum use in mobile equipmént,\Iable V-2 shows the
trend in quantities of air pollutants estimated to be emitted
from mobile equipment uéing petroleum products (23). The
impact of the stricter air pollution standards is quite
apparent from the tabulated data. Interpretation of these data

is more complex.
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Table V-2 - Estimated Emissions. from Mobile Equipment

Hydrocarbons
Autos
Trucks & buses
Aircraft
Off-highway

Total

Carbon Monoxide
Autos ]
Trucks & buses
Ajircraft
Off-highway

Total

" Nitrogen Oxide
Autos

Trucks & buses
Aircraft
Off-highway

Total

Particulates
Autos
Trucks & buses
Aircraft
Off-highway

Total

(millions of tons per year)
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Ideally, the attainment of these standards would be achieved
through a combinatiqn of methods that will attain the standards and
minimize costs. Alternative methods include both hardware develop~
ment for vehicle emission control and nontechnical solutions that
would decrease demand.

‘Since the cost per unit of pollution that is rémoved increases
exponentially by the application of control hardware, the cost.to
remove the last unit of pollution to attain the 1985 standards will
be significantly higher than the cost required to remove the first
pollutioﬁ unit ih_1970. In addition, hardﬁare pollution controls
increase energy consumption (less miles per gallon).

Ffom the foregoing, it may be concluded that an equal reduction
in energy demand in 1970 an& in 1985 would be Eggg costly in‘1985
per unit of pbllution avoided. However, it may be cheaper to re-
move the last pollution units through a decrease in demand rather
thgn through the application of control hardware. Such a demand re-
duction over the short-term would also conserve supplies of deplet-
able enefgy regsources. The benefits and costs of reduced energy use
is complex and will depend upon where the reduction is to occur and
the level and method of meeting pollution standards. All of these
will be reflected in the relative prices of alternative ehérgy fuels.

There is little evidence concerning the price elasticity of
énergy demand. In some applic;tions, notably in automobiles, demand
may be quite inelastic, i.é., higher prices would have little effecf

on demand . Gasoline and lubricating oils represent only 25 percent
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of fhe total per mile cost of automobiles.(119); thus, a 4-percent
rise in oil prices would raise total automobile costs-only'one
percent. Given the substantial capital investments in automobiles
and other energy-coﬁ;uming facilities, there may be considerable
reluctance to incur costs of replacement with 1ower-consumption
equivalents. |

As indicated above, the minimum petroleum and energy demand"
estimates include increased efficiency in use to the extent it
is expected to occur through the operation of current'policieg_
and economic adjustments.

Sucﬁ trends could be increased by Gove;nment regulations and
education efforts. Increasingly, the private sector and the Govern-
meni are seeking ways to conserve energy.

(4) Summary - When demand is reduced the impacts associated
with finding, producing, and processing the energy '"raw materials'
(#whatever they might be) will be reduced. Furthermore, those
impacts associated with consuming tﬁe extra energy-producing pro-
ducts will be avoided. The specific impacts, i.e., commitments
of and disturbances to land, Qater, aif, people and mineral resouréés,
will depend on which of the several alternative sources the energy
would be drawn upon as detailed in Chapter V, Section B of this
volume.

A reducfion in démand’wouid_result-in reduced levels of air
contaminates emitted by stétiqﬁary and/or mobile sources. The
benefits to be derived ffoﬁlsdéééssful ihplemgntatibﬁ of this
alternative would be most likely directed toward the larger,metro;

peolitan areas.
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2. Increased Oil Imports

An alternative to oil shale development might be increased
oil imports. The projected production of shale oil by 1985 with
ﬁhe o0il shale development program would be about 1 million barrels
per day, thus an alternative source of energy might be increased
imports of 1 million barrels per day by 1985. The quantities of
crude oil imported are controlled by policy set by the President.
The present license fee program can be adjusted from time to time
with a conceivable adjustment in the amounts of oil being imported.
. The details of the oil imports program and the license fee systém
are described in the following sections a and b.

a. Oil Import Controls

Imports of crude oil, unfinished o0il, and petroleum products
have been controlled since 1959 by Presidential Proclamation 3279.
The statutory foundation for Presidential action originates with
Section 232 of the Trade Expansion Act of 1962.

On January 26, 1973, the President announced a reorganization
of the executive offices which, among other things, delegated the
responsibilities of OEP pertaining to o0il imports to the Treasury
Department. The pertinent parts of the reorganization are as
follows:

Investigation of imports which might threaten the
national security--assigned to OEP by Section 232

of the Trade Expansion Act of 1962--would be reas-
signed to the Treasury Department, whose other trade
studies give it a ready-made capability in this

field; the National Security Council would maintain
its supervisory role over strategic imports.
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The 0il Policy Committee will continue to function
as in the past, unaffected by this reorganization,
‘except that I will designate the Deputy Secretary
of Treasury as chairman in place of the Director
~of OEP. The Committee will operate under the gen-
eral supervision of the Assistant to the President
in charge of economic affairs.

The Committee is composed of the Secretarieé of State, Treas-.
ury, Defense, Interior, and Commerce, the Attorney Generai and the
Chairman of the Council'of»Econoﬁic Advisors. The Chairman (Deputy
Secretary of Treasury) of the 0il Policy Committee makes his oil
import recommendations to the President.

On. April 18, 1973, the President issued Proclamation 4210,
modifying Proélamation 3279.

By suspending tariffs on imports of petroleum and
petroleum products and by shifting to a system
whereby fees for licenses covering such imports
shall be changed and whereby such fees may be
adjusted from time to time, as required in order
to discourage the importation into the United
States of petroleum and petroleum products in

such quantities or under such circumstances as

to threaten to impair the natiomal security; to
create conditions favorable, in the long range,

to domestic production needed for projected
national security requirements; to increase the
capacity . of domestic refineries and petrochemical
plants to meet such requirements; and to encourage
investment, exploration, and development necessary
to assure such growth. '

b. License Fee nggram

1. Effective May 1, 1973, any person or company wishing to
- import crude 011 and petroleum products may do so simply
by applying for an import licemse to the Department of
the Interior, Office of 0il and Gas and by paying the
appropriate license fee.

2. Also effective May 1, 1973, existing tariffs on crude

0il and refinery products will be suspended. In their
place, license fees will be imposed on imports equal,

v-25



~ in the long run, to 1/2¢ per gallon of crude and 1 1/2¢

per gallon for unfinished oils and all refinery prod-
ucts. Fees will be paid to the 0Office of 0il and Gas
at the time of application for an import licenmse.

3. These long-term fees will take effect at the end of
1975. 1In the meantime, license fees will be stepped-up
over time. The following schedule of fees will apply
to all but exempt imports.
Scheduie of License Fees
(cents per barrel)
v : May 1 Novl Mayl Novl Mayl Novl
Product 1973 1973 1974 1974 1975 1975
Crude 0il 10% 13 15% 18 21 21
Residual fuel oil,

unfinished oils,
distillates and

refinery products

other than gasoline 15 20 30 42 52 63

Gasoline 52 545 57 59% 63 63
4. All import'licenses outstanding as of May 1, 1973, will

be honored by the United States Government license
fee-exempt. :

Certain crude oil and product imports will also be exempt
from license fees for a limited period of time after

May 1, 1973. Current program participants will be granted
yearly allocations, exempt from license fees, equal to
import levels in effect as of April 1, 1973, for residual
fuel o0il and quota levels in effect as of January 1, 1973,
for crude o0il and petroleum products other than residual
fuel o0il. The exempt allocations will be granted through
April 30, 1974, after which the level upon which alloca-
tions are based will be reduced by a fraction of the
original level each year for the next seven years. No
allocations will be granted license fee-exempt beyond
April 30, 1980. The schedule by which exemptions will

be phased out is:
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10.

Percentage of Initial Allocation
Exempt from License Fees

After April 30 Percentage
1973 100
1974 : v - 90
1975 80
1976 65
1977 - 50
1978 35
1979 | 20
1980 0

Crude oil import license not subject to license fees will
continue to be convertible to unfinished oils and finished
products at existing rates (15 and 1 percent, respectively)

“until January 1, 1974. Crude oil licenses subject to

license fees will not be convertible.

Imported crude oil ‘may be exchanged for domestically-
produced crude oil at a rate negotiated by the parties
involved in the exchange.

Imports of ethane, propane and butane will be exempt from
license fees. License fees will also be refunded on quan-
tities of imported crude used to produce asphalt.

Companies building new refineries or petrochemical plants
or expanding existing refineries or petrochemical plants
coming on-stream after April 30, 1973 will be granted
license fee-exempt allocations equal to 75 percent of
their additional inputs for their first five years of
operation. Throughput earning exempt allocations under
these provisions will not be counted as certified refin-
ery inputs in estimating exempt allocationms.

Deepwater terminal operators in District I currently under
the program will be allowed to import 50,000 barrels per
day of No. 2 fuel oil exempt from license fee. After

May 1, 1973, these imports of No. 2 fuel oil must be pro-
duced from Western Himisphere crude oil unless otheérwise
exempted, -

The Western Hemisphere preference requirement will apply
only if the Chairman of the 0il Policy Committee deter-
mines that imports from the Western Hemisphere are avail-
able. If they are not available, license fee-exempt
imports will be permitted from other sources.

v-27



11.

12.

The Chairman of the 0il Policy Committee shall determine
whether, because of supply, price, and other considera-
tions, the Western Hemisphere restriction is unduly
restrictive and may suspend or reimpose this restriction
as needed.

Import licenses for crude oil and products produced in
all Western Hemisphere countries will be subject to
license fees unless otherwise exempted. The fee exempt
volume of imports for all Canadian and Mexican crude oil
and products will be established at the average daily
volume of imports into the United States under the exist-
ing quotas or during the first quarter of 1973, whichever
is higher. The State Department will advise the OPC from
time to time of any changes in the license fees on these
imports which it deems to be in the security interests of
the United States. Product imports for which no quota
now exists will be allowed into the country under the
license fee schedule presented in Section 4.

Imports of crude oil and finished products to Puerto Rico
will be subject to the same license fees after May 1,
1973 as the Mainland and will be allowed from anywhere in
the world.

a. All finished products refined in Puerto Rico will be
shipped to the Mainland license fee-exempt.

b. All license fees on Puerto Rican imports of oil will
revert to the Commonwealth of Puerto Rico.

c. Imports of crude oil and unfinished oils now governed
by contractual agreements between Puerto Rico and the
U.S. Government will be exempt from license fees for
the remainder of the terms of these contracts. Upon
expiration of these contracts, the exemption will be
phased out according to the schedule in paragraph 7.

- d. -Imports of crude oil and unfinished oils used to

" manufacture finished products shipped to the Mainland

" under the historical classification based on ship-
ments prior to 1965 will be exempt from license fees
and that exemption will be phased out over the same
schedule provided -for exempt refinery allocatioms.

e. Finally, the Commonwealth will be allowed to impose

restrictions on shipments to the Mainland of petro-
chemical and intermediates and products necessary
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13.

14.

15.

to assure continued growth of the downstream petro-
chemical industry in Puerto Rico. However, ultimate .
responsibility for determining import policy will
reside with the Chairman of the 0il Policy Committee.

Imports of crude oil and finished products into the
Virgin Islands and free trade zones would be exempt from
license fees after May 1, 1973. Exports from the Virgin
Islands and entries from free trade zones into the
United States will be subject to fees. However, the
existing refinery in the Virgin Islands may continue to
export to the United States license fee-exempt those
products governed by contract with the United States
Government for the term of that contract.

All imports from possessions outside the United States
customs territory will be subject to license charges.

Imports under existing allocations to the Department
of Defense will be allowed license fee-exempt. These
allocations will be phased-out over the same period
allowed for exempt allocations.
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c¢. Balance of Payments

The United States is cufréntly experiencing large deficits in
its baiaﬁce of payments and more specifiéally.in its balance of
trade. Such continued deficits have a deterimental éffecf on the
stabiiity aﬁd value of the dollar. The reduction of petroleum
imports-b&_one million barrels per day could have a positive effect

on balance of payments of as.mﬁch as $1 billion per year.

‘d. International Uncertainties

Future iﬁcreases in iﬁpoffs can be expected to come from those
countries which.have the largest petroleum reserves. This indi-
cates é.greater reliance will be éléced on thg Persian Gulf which
has 67 fercent of the free world's reserves, and North Africa with
13 percent. Thus, the Unitéd States will become increasingly
dependent on the Eastern Hemisphere for about three-fourths of
petroleum imports in 1985.

In considering increased imports as an alternative to 1 mil-
lion barrels per day of shale oil, a particular concern is the
.security of Middle East supply sources which have been character-

' ized by instability and international tension. The supplies of:

oil from that area may be subject to interruption for political

or economié-reasdns with 1little or no advance warning. In their
comments relative to the Department éf the Interior's Analysis of
the Economic and Security Aspects of the Trans-Alaska Pipeline (15),
the Secretaries of State and Defense and the Director of the Office -

of Emergency Preparedness indicated their concern that "failure

v-30



to obtain desired additional oil supplies (from the North Slope) will
necessitate increasing imports from insecure sources.to such high levels
that a long-term foreign supply distribution. could slow down indusﬁfy
and imperil our nagional security." Failure to bring shale oil into

production would raise dependence on imported oil from a range of from

.33 to 41 percent to a range of from 37 to 45 percent in 1985.

A systematic treatment of the oil import subject is contained in
the report of the Cabinet Task Force on 0il Import Control &l§). The
majority of the task force concurred that no more than 10 percent of
U.S. requirements should be met by imports from the Eastern Hemisphere.
Such a limitation would require some type of continuing import controls.™
Eight major difficulties that might attend dependence on foreignl
supplies were identified by.the Cabinet Task Force (18):

"(1) War might possibly increase our petroleum requirements beyond
the ability or willingness of foreign sources to supply us.

(2) 1In a prolonged conventional war, the enemy might sink the
tankers needed to import oil or to carry it to market from
domestic production sources such as Alaska.

(3) Local or regional revolution, hostilities, or guerilla
activities might physically interrupt foreign production or
transportation. . :

(4) Exporting countries might be taken over by radical govern-
- ments unwilling to do business with us or our allies.

(5) Communist countries might induce exporting countries to deny
their oil to the West.

(6) A group of exporting countries might act in concert to deny
their oil to us, as occurred briefly in the wake of the 1967
Arab-Israeli war.:

1/ A subcommittee of the House Committee on Interior and Insular -
Affairs held extensive hearings on the Task Force report. See
U.8., Congress, House, Committee on Interior and Insular Affairs,
0il Import Controls Hearings, before the subcommittee on Mines
and Mining, March and April 1970.
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(7) Exporting countries might take over the assets of American
or European companies. :

(8) Exporting. countries might form an effective cartel raising
oil prices substantially."

A subsequent study made by the Petroleum Iﬁdustry Research Founda-
‘tion reexamined the principal assumptions and coﬁclusions of the Task
Force regarding U.S. dependency on oil imports in 1980 under vafious‘ ..
price assumptions (124), This study raised further questions as to the
extent -to which the United States should depend on Middle Eastern and
North American petroleum sources. |

| A 3oint Economié Committee Background Study relative to the April
15, 1971, OEP Report on price increases in crude oiljénd gasoline
raised numerous questions relative to the need for, and eﬁfectiQeness
of, the Mandatory 6i1 Import Program (125).

The security problem has two principal parts: (1) a question of
miiitary security,‘and (2) a question of economic security. Both
adyocates and critics of the 0il Import Program have tended to focus
principally on the economic security issue.

The crux of the argument against importing a substantial fr#ction
of the nation's o0il is that the sources of additional foreign oil, in
gengral, the Middle East and North Africa, are "insecure" and might
be tempted to withhold oil exports to the United States for political
and/or economic gain (generally-in an environment short of war, ﬁhough
local conflicts in volatile areas are not inconceivable).

A study by Dfs. Scﬁurr and Homan for Resources for the Future (19)
notes that the question of supply interruptions

"...needs to be dealt with in the interests of both the importing

and exporting countries because supply interruptions are economically

damaging to both. Not only do they have sharp short-run effects

which are economically painful, but their long-run conséquences
can also be damaging if channels of commerce are diverted into

v-32



alternatives which impose a permanent economic penalty upon
both those countries that sell oil and those that buy.'.

However, this interdependence does not guarantee that interruptions
will not occur. The study points to interruptions from the shutdown
of Iranian production beginning in‘1951, the closure of the Suez Canal.
and attendant lengthening of transportation routes in 1956-57 and

‘again from 1967 to the éresent, and quotes Walter tevy, a leading
international oil authority and consultént, as saying:

Nor can the West rely on the importance of uninterrupted oil

operations and oil revenues to Middle East governments as a

deterrent to hostile actions. Economic considerations, important

as they are to the relatively impoverished countries of the area,
become insignificant when confronted with political necessities

or political pretentions.

Eieveh major oil-producing countries have joined the Organization
of Petroleum Exporting Counfries (OPEC) in an attempt to obtain greater
bargaining power in their dealings with the international oil companies.
A 5-year agreement reached in 1971 with the Persian Gulf countries
provides for subsfantial increases in the payments to the host govern-
ments. The other ﬁembers followed with equal or larger increases. In
the second year of the agreement, the OPEC countrieé have been given
further increases to compensate for the de;aluation of the dollar.

They also seek participation as part owners in the oil companies ex-
ploiting their resources. If OPEC can maintain cohesiveness in the

face of diverse national demands and historical relationships, continu-
ing pressure for economic aﬁd political concessions by the oil-importing

countries may be anticipated.

d. Potential Environmental Impact of the Alternative

Increasing imports in lieu of shale o0il production would affect
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"the environment through; (1) Provisions needed to protect the national
.security from interruption of oil supplies,and'(Z) the additional oil
handling associated.with the vessels and related facilities required
-to transport and handle additional imports;

-Security measures which do not reqﬁire precrisis investment idraw-
down, rationing, etc.) would have little environmeﬁtal impact., Storage
in steel tanks or in cavities created in salt domes would require
" importing oil for fhe inventory in additién to that for current demand;
wifh-associated tanker risks discusséd below. Stofage éf 1 million
barrels of oil in steel tanks would require approximately 25 acres
(assuming a 16-foot high dike is used to pfotect against accidental
spills) and the danger of leakagé would increase as tanks age.' Stor-
‘age in cavities in salt domes would remove the requirement for above-
ground tanks; however, pipelines, injection, and extraction facilities
would still be required. Also, if might be antiéipated that due to
the attraction of the oil to the mineral matrix, less than 100 percent
of the oil injected into cavities in salt domes can be extracted.
Quantities in excess of the desired emergency supply would have to be
imported and a pdrtion of this would be unrecoverable. Salt removed
from the salt cavities during oil extraction, if not handled properly,
could be a source of poliution through leaéhing of the salt by water.

Development of spare shut;in capacity in the Naval Petroleum
Reserves, on other lands purqhased by the Federél Government, or
through a Federal prorationing system would entail envirohmental
impacts similar to those associated with exploration and development

both on- and off-shore (described in the subsequent Section B-1 of this
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analysis). Potential production at Elk Hills is not equal to thoée
fram the proposed oil-shale development, so that dgvelopment of shut-in
capacity at Elk Hills alone would not suffice.

The environmental impacts of increased imports arise from three
sources: (1) Increased ship traffic to the subject ports, (2) the con-
struction and operation of increased capacity of terminals for the
receipt of the oil, and (3) the transportation of the oil from offshore
terminals to coastal refineries.

The worldwide tanker casuaity analysis in&iéateé that 0.0192 per-
cent of the oil transported is spilled, exclusive of transfer operations.
Applied to the 1,000,000-barfe1-per-day throughput, this amounts to

approximately 192 barrels per day discharged from casualties. However,

- it must be recognized that an average calculation such as this has little

meaning from an environmental impact standpoint. Such impacts could be
nominal where small spills are involved or where‘the spill occurs in
such a ﬁanner as to have little impact on coastal or restricted water
areas. By contrast, a single cataétrdphic incident can have disastrous
results. In March 1967, for example, the tanker Torrey Canyon ran
aground at Seven Stones Reef, about 15 miles offshore Cornwall, England.
It was carrying 821,000 barrels of Kuwait crude oil. The oil lost
remained at sea froﬁ one to three weeks before coming ashore at various
locations. A recent study (gg)_shoﬁed that 75 percent of paét ma jor
spills were associated with yessels (Figure v-1). Further, the source
of spills of more than 2,000 bbl was likely to be a tanker, and the

spill would occur within a few miles of shore and be noticable for
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Figure V-1 —Source of spill ( Data from 36 incidents).

Source: National Petroleum Council, Environmental
Conservation, v. 2, February 1972, p. 242.
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more than five days. Shorelines threatened would be at leéast par-
tially recreational with a reasonable chance that only light
coastal contamination would occur (21).

The impact §n the estuaries and wetlands ffom 0il spills is
a function of size, time, weather, and water ‘currents as well as
seasons. In an estu;ry, tﬁe movement of an oil slick is compli;
cated by the oscillatory nature of tidal currents. During ebb
tide, the slick or plume will extend down the e;tuary; during
-flood tide, the_plume will extend'up thé estuary. 1In general,
it appeafs that single exposures to heavy concentrations of oil
én marsh érgas will femporarily destroy vegetation but does not
appear to cause any signific#nt long-range damage. 6hronic expo-
sures would impose greater environmental damage in estuaries and
marshes because of the continual rekill of ne& vggetation and
complexing with pollution from other sources. Thus, chronic oil
spills will likely degrade water quality and have long-term toxic
and subtoxic effects on the marine environment.

Regardless of the soirce and size of the oil spill, several
biological responses are iﬁportant: (1) immediate lethal toxic-
ity; (2) lethal or sublethal effects of direct coating of marine
1i£e by o0il substances; (3) altered_behavioral activities; (4)
incorporation of aromatic hydrocarbons into the food phain; and
(5) changes in habitat. 1In general, because of high dilution
factors and widespread biotic populations, offshore areas have
greater assimilative capacities and are relatively less vulner-
able than shoreline or estuarine areas tb critical‘énvironmental

damage from chronic low-level spills. -
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Finfish and other mobile pelagic organisms which can detect
low concentrations of oil in seawater presumably .avoid higher con-
centrations. The eggs, larvae, and juvenile stages of these fish
are_generaliy more_éusceptible to the effects of oil ;han are the
adults.

The benthic fauna may be divided into four categories: gas-
tropods»(snails, limpets), bivalves (shellfish), crustaceans
"(shrimp, lobsters), aﬁd all others (worms, anemones). Apparently
gastropods are the most resistant to the effects of oil; crusta-
ceans are the most sensitive.

Apparently marine mammals fail to recognize an oil slick
until coating is inevitable, Mammals must periodicélly surface
for air and in doing so are in danger of being coated with or
inhaling oil. At present, however, marine mammal mortalities can
only be indirectly related to such coating.

There is almost unanimous agreement that birds have probably
suffered more from oil spills that any other group of organisms.
Bird casualties fromvdil pollution number many thousand each year;
Tainting of marine organisms also results from incorporatioﬁ of
hydrocarbons, causing the development of an objectionable tastg;

The oil spill problem is a subject involving consideréble
study effort. The first report of the President's Panel on 0il

Spills presents considerable detailﬂreiative to this subject (22).
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3. Modification of Market-Demand Prorationing Systems

The objective of this alternative would be to obtain increased pro-

duction from developed reserves that are being produced at less than

maximum efficient rates. The alternative would require those states

operating prorationing systems to revise their laws and regulations to

. permit such full production. This cannot be considered as an alterna-_

tive to projected supplies from shale oil because declining crude oil
productive cap;city and increasing demand for crudé oil will require
production at maximum efficient rates (ﬁER) in any event (23-25).
Elimination of state market—dgmand prorationing-would result in
very little additional crude oil and natural gas production. Important
exceptions to MER productionvcurrently‘remain only in Elk Hills Navel
Petroleum Reserve (which is not subject to state market-demand prora-
tioning and ﬁhich will be discussed in section B-1-b of this volume)
and a small number of fields in Louisiana and Texas. In 1972 Louisiana
officials were reviewingnproducing pétentials on a field by field basis.
By early fall of 1972, the state was essentially producing at MER.
Only three Texas fields, East Texas, Kelly-Snyder, and Tom O'Connor,
were restricted below 100 percent of their respective market-demand

at the time of this writing. Conservation problems encountered at

-higher operating rates have compelled reduced production in these

fields while unresolved issues of correlative rights to the crude oil
also preclude higher production from East Texas. A very few Texas
fields have MER'slin excess of 100 percent of their market-demand and

of these the largest, Yates, also has unresolved problems of

correlative rights. Projections of United States petroleum pro-

duction and requirements indicate that remaining potentials and newly
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developed capacity will be put into production as consideration of
conservation, environmental protection and equity permit and the issue

of market-demand prorationing will remain moot.

4, Modification of FPC Natural Gas Pricing

This altefnative postulates increases in prices for natural gas to
provide additional incentives to natural gas‘producers to increase
natural gas exploration énd.developmént. Some additiénal cru&e oil
would probably be discovered as a result of inéreasgd exploration for
gas. Also, some crude oil demand would be.displacedfby incremental
ﬁatural gas supplies. Since natural gas is a clean fuel as compared
to oil, this displacement would result in a net environmental benefit.
However, it is not considered to be substitution that could be utilized
- to totally offset a major portion of shale oil supplies.

In 1954, the Supreme Court ruled that producers of natural gas
for sale in interstate commerce are subject to regulation under the
Natural Gas Act. Sinée then sales, including pricing, of gas destined
for interstate markets has been subject to Federal regulations as
adminis;ered by the Federal Power Commission (FPC).

The FPC changed its method of price regulations in 1960 from an
individual company "cost-of-service" method to an "area rate" concept
which was upheld by the Supreme Court. Under fhe area rate method,
average unit costs associated with all aspects of natural gas production
are determined for a producing area instead of examining the costs 6f
each producing company.

Concern has been voiced that~interstate gaé prices resulting from
FPC actions have been so loﬁ as to retard development of new gaé
supplies while at the same time, inducing associated consumer preferences

for gas over alternative fuels. (26)
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Recognizing the need for new policy initiatives, the FPC has, within
the past 2 years, takeﬁ é_number of measures dgsigned to increase gas
supplies, including increased price ceilings (27). FPC raised rate ceil-
ings by about 35 percent during.1968-70.and on July 16, 1971, in its
Opinion No. 598, set new, higher ceiling rates for the South Louisiana
area and brovided for a system of incéntives to promote dedication of
gas reserves to the interstate market.

To provide additional incentives, the Federa}‘Power Commission
issued Order No. 455 on August 3, 1972, which provides an optional pro;
cedure fof certificating new producer sales of natural gas. This new
order does_not replace geographical area pricing, but rather will pro-
vide, if upheld By the courts, an alternative procedure for certificatioq
éf sales for new gas at ratés above established area ceilings;

Alternafive sources of gas, such as liquefied natural gas imports
and the p;oduction-of sjnthetic natural gas, still iﬁvolQe higher costs,
.however, than current rggulated interstate prices of natural gas. It
may be likely, therefore, that recent actions to pefmit higher wellﬁead
gas prices will be followed by still other steps in this direction.

The most recent action in this direction was the announcement by
the President. in his second energy message (April 18, 1973) that he will
submit legislation to amend the Natural Gas Act so that prices paid by
interstate pipelines to producers for new supplies of domestic natural
gas will be de;ermined by fhe competitive forces of the market s&stem
rather than bj the Federal fower Commission. This pgqposal would stimu-
late new exploration and developmentiqf domestic gas resourcé; while

maintaining current prices on present interstate supplies and eliminating

V-41



any possibility of unfair gains at‘the expense of the consumef. The .
legislation inclﬁdes provisions for the Secretary of the Interior to
monitor the price of new supplies of natural. gas, and impose a ceiling
if circumstances should demand such action,

.Estimated United States resources of oil and gas as yet undiscov- -
ered are sufficiently large to support an ekpanding.rate of domestic
production through11985 and beyond. Recent levels of domestic explora-
tion and development, however, have not been sufficient to prevent a
decline in the Nation's proved reserves of both gas and oil.

Improved economic incentives, whether in the form of higher prices
or otherwise, would most probably increase investment in stimulated
;ecovery-of knqwn but not now recdverable.gas and oil resources and
would induce a higher rate of exploration for new gas and oil. However,
the relationship between economic incentives and the level of expendi-
tures for‘exploration canhog now be uniquely identified;leven-greater
speculation must be attached to the degree of success in finding com-
mercially viable oil and gas fields at any level of exploratory activity.

Potential Environmental Impact of the Alternative.

The principal impact of the alternative would be economic rather
than environmental. Prices are almost certain to rise somewhat--probably
subétantially. Direct consumers of.natural gas will have higher fuel
bills; .all consumers will feel the effects qf'increased fuel prices on
the prices of goods or services which depend on gas used by industries
and ‘utilities. Consumers are far less likely, however, to be confronted
by unavailaBility of gas ﬁndef deregulation than under continued reguia-

tion. The environmental impactfwould result primarily from the
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additional exploratioﬁ, de&glopmgnt and production stimulated by
the higher gas prices. .Development of domestic natural gas.would
reduce the need for alternative energy supplies, for example,
oil imports. The increased use of natural gas would therefore
lead to lower amounts of air contaminants and could potentially
reduce the nation's outflow of funds to help develop foreign
suppliés. However, higher prices could also stimulate alterna-
tive energy development such as nuclear expleive-stimulation,,
LNG imports, and synthetic natural gas prodﬁction. Discuséion
of séecific environmental impacts, therefore, is not inclﬁded
‘because the ehvironmental effects of the alternatives considered
in this section would be reflected by increased production, the

effects of which are considered in section B-1 of this volume.
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B. Alternative Energy Sources

1. Increaséd_DomeStic Production of Petroleum
Discussion of additional domestic production of crude petroleum
(and natural gas) must consider production from onshore and also
from the continental shelf. A separate discussion of each follows.

a. Outer Continental Shelf (OCS).Production

This alternative would require increased exploration, develop-
ment and production of crude oil from offshore areas. Supplies
equal to all, or a significant part, of the'projeéted 300,000 bar-
rels in 1980 and 1 million barrels in 1985 daily from the shale
0il would have to be developed and produced in addition to those
supplies that are péojected to-be produced from OCS resources under
the present leasing schedule during the same time frame.

In his Apr@l 18, 1973, Energy message, the President announced
that he had directed the Secretary of the Interior to take steps to
triple the acreage leased on the 0CS for drilling for oil and gas
by 1979. In response to the President's Energy Message the Depart-
ment of the Interior on July 11, 1973, issued a proposed-schedule.
of provisional OCS leasing calling for three sales per year of up
to one million acres each..

He also announced that leasing would begin in new frontier
areas including beyond the 200 meter isobath, and beyond the
Channel Islands in the Pacific if the envirommental impact state-
ments indicate it can be done safely. He directed thé Council on
Environmental Quality, in cooperatioﬁ with the National Academy of
Sciences and other government agencies, to complete studies within
one year on the eﬂvironmental suitability of drilling on the
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Atlantic OCS and the Gulf of Alaské; By 1985, this accelerated 0CS
leasing schedule could increase annual production by approximately
1.5 billion barrels of oil (approximately 167 of -our projected
requirements) above what would be expected if the current leaée
schedule were maintained.

The offshore areas of the United States are estimated to con-
tain 186 billion barrels of crude oil and over 844 trillion cubic
feet of natural gas resources, whicﬁ are recoverable with existing’
technology. These amounts represent approximately 40% of the
nation's total undiscovered oil and gas reserves and offer promising
opportunities since most onshore areas have already been explored
and déveloped.

The Federal vaernmenf has leased 0CS lands since 1954. Cur-
rently, leases in the 0CS are producing over 400 million barrels
of o0il and about 3 trillion cubic feet of natur&l gas annually.

In 1969 regulations of the Department of the Interior govern-
ing leasing and operations by lessees on the 0CS were extensively
revised and strengfhened after the problem in the Santa Barbara
Channel. Since then; improvement of these standards for safety and
pollution control hgs been .a continuing effort covering a wide raﬁge
of operations including drilling proéedures, well abandonments, well
completion procedures, poliution and waéte disposal, and procedures
for the installation and operations of platforms and pipelines.
Inspection procedures hafe been standardized and a statistical basis
for inspectibn strafegy has been developed. The 0CS field inspec-

tion staff has been tripled since 1969. Six full-time helicopters
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are in use and a radio=communication_system has been installed.
The revisioﬂs and strengthening of OCS operating standards and  the
increase in suryeillance personnel have fesulte& in a marked
improvement in OCS operations with regard to oil spills. There
were no major oil spills in 1972. Minor oil spills in 1972 were:
reduced by 45 percent from 1971. |

Changes éhat could be beneficial to stimulation of additional'
development inclﬁde price increases,-suﬁsidies, tax benefits, and
changes in leasing procedures. The cost and effectiveness of such.
changes are unknown. The timeliness and the volumes of increased
supplies that would result from increased incentives are also
unknéwn. It is estimated that up to 12 years lag time will exist:
between leasing and produétion in the frontier areaé. To provide
the.additional production equivalent to the projected shale oil
supplies, drilling efforts would have to be increased from forty
to sixty-six percent on the 0CS. Drilling rig availability might
be a major problem. Less than 100 mobile_drilling-rigs were oper-
ating in domestic offshore waters in 1971. Furthermore, no leasing
in new OCS areas-will be initiated uptil further environmental,
natur31 resource, economic and geophysical studies have been éom—
pleted and all réquirements of NEPA have been met. With these
uncertainties there is alreal.possibility that produgtion resulting
from further increased 1e§sing schedules would not be able to com- |
pletely offset the projected shale oil development, after meeting.

the supply expected from the current leasing schedule.
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(1) Potential Environmental Impacts. — The énvironmental
impact discussed below is based on past leasing and production
experience in the Gulf of Mexico. Environmental information has
not been developed to a similar degree for frontier areas. How-
evef, that data is currently being accumulated, and even though it
is realized that en§ironmental conditions in these areas differ
from curreﬁtly.producing 0CS areas, it is believed that the same
categories 6f impacts will be encéuntered.

Thg potential environmental impacts ghat are encountered from
0CS leasing and production include impacts on air and water qual-
ity, commercial and sport fishing, shipping, recreation and tour-
ism, Beach, and marsh, estuarine, and seaward bioté. These impacts
result from exploratory sufveying, platform (structure) placement,
normal drilling activities, initiation of production, and storage
and transportation of produced oil including pipeline construction.
Related activities which can cause impacts are debris and waste
water disposal. Unpreaictable_aétivities such as accidental
spilling of o0il as a result of blowouts or-transportation to
refineries contribute to the impacts.

Possible environmental impacts from OCS- oil -and gasrdevelop—

ment are covered in detail in a final environmental statement

 igsued by the Bureau of Land Management, U.S. Department of the

Interior (28) (hereinafter referred to as the OCS statement).

(a) Exploratory Surveying. - The initial effort in OCS

exploration involves geophysical or seismic exploration. Explor-

atory seismology surveys leave little, if any, lasting impact
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on the environment. The use of explosives as an energy source

has been lérgely discontinued in marine-survey operations and

less environmentally hazardous methods of generating soﬁnd energy,
such as compressed air charges or vibrating acoustical systems,
have been adopted. Therefore, the only adverse impact resulting
-from exploratory surveys would be minor noise and exhaust emissions
normally associated with diesel powered vessels.

(b) Structures. - As of April 30, 1973, there were 1,939
. platforms in 0OCS Gulf of Mexico waters and 5 in California. Tur-
bidity resulting from the placement of drilling and production
platforms involves a small area and is of short duration.
Desfruction of the benthos is also confined, and only invol&es
a few square feet for eaéh piling.

Since.the advent of offshore oil and gas activities many spe-
cies of fin fish have become concentrated around the drilling
structures, which provides an artificial habitat. Among these are:
red snappers, groupers, trigger fish, spade fish, giant sea bass,
pompano; and many smaller species. There is evidence that these
species and other larger seasonal game fish, such as sail and bill
fish, have appeared since the offshore oil industry became active.
The platforms create unique offshore artificial environments which
attract and concentrate many pfedatory species, providing favprablé
fishing sites for sportsmen and commercial snapper fishermen. The

long-term effects of this intense species concentration, in lieu of
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the more. random distribution patterns, are not known; but natural
predator-prey relationshiés could be affected.

Platforms and drilling rigs in view of land may disturb the
scenic views and vistas of coastal inhébitants and tourists and
the open space qualities qf the seascape. The distance from shore
at which a.structﬁre can be seen is mainly a function of the height
of the structuréxand visibility. For examplg, a 100-foot high
platform drops below the horizon at 16 miles while a 169-foot high
platform disappears at 20 miles. Visibility conditions‘may also
reduce the distance at which a platform may be seen.

Despife the installation.of navigational aids the erection of
additional platforms on the OCS, particularly those adjacent to
fairways, is a potential-h#zard to shipping. Safety fairways have
been established to permit safe passage of vessel traffic into and
out of ports. Anchorage areas are similarly designated for safety
purposes. While exploratory drilling in shipping lanes is per-
mitted with approval by the Corps of Engineers, installation of
fixed structures is prohibited under 33 U.S.C. 403 and 43 U.S.C;
1333(f). Production can berinitiated by &irectional drilling from
a portion of the tract outside the lane or from adjacent leaseholds
outside of fairways. In some caseg pPlatforms act as aids to navi-
gation by providing a referencg point from which a ship may find
ifs positiop. They have also been used as refuges by sport fisher-

men in rough weather.
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Platformé may be obstacles to commercial fishing wheh fish
trawling equipﬁent is ﬁsed. ‘The noise of drilling rigs, aéoustical
warning devices, and support vessel traffic operating in rivers,
canals, and on the open sea could also be expected to have an
effect on the coastal area environment.

(c) -Debris. - Debris means thosé substances which aré dis-
charged or thrown into the sea (excluding waste water) as the
result of a.platform or support operation.

The improper disposal of this.debris (trash, drilling muds,
bilge wastes, and spills of crank case o0il and engine fuel) char-
acterizes other possible kinds of vessel or platform-related
sourées of pollution. Toxic debris, such as paints and thinners,
.can poison and cause the death of some organisms. Floating non-
biodegradable debris is unsightly to tourism and recreational use
and poses a hazard to small crafts. Sinking debris can foul and
damage commercial fishing nets. It may act as an artificial reef
Because soﬁe biodegradable material may be eaten by some marine
organisms. The amount of débris discharged.into the environment
as a result of 0CS 6perations has been found to be small due to
enforcement of pertinent regulationms. Fo;=an extensive discussion
of all types of debris including régulations and methods of
enforcement concerning their discharge see the aforementioned

0CS Statement.

(d) 0il Spills. - During the period 1964 through 1972, 39

significant recorded oil spills involving 50 barrels or more of
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oilrand'condensate occurred on Federal OCé laﬁdsl/. 'The estimated
total volume of oil spilled'as a result of these incidents is
slightly less than 300,000 bbl. During this same period, more thanl
2 billion bbl. of oil and condensate were produced in the Gulf of
Mexico, offshore Texas and Louiéiana, and on the Pacific Coast 0OCS.
The amount of recorded spills fepresents appfoximatély 0.014% of.
the oil-aﬁd condensate produced in the 0OCS dufing the.same ﬁeriod.
Blowouts during exploratofy drilling poSe‘tﬁe greatest:poteh?
tial fér serious pollution of offshore waters by hydr&carbons and
of air quality by fire. Normally, drilling muds and blowout pre-
vention devices (all drilling rigs are equippe& with blowout
preventers) control the na;urél pressuré in a well, nonetheless,
blowouts do occur. From June 9, 1956, to December 1972, 41 blow-
outs occurred on Federal OCS.oil and gas'operationsg/. Ten of the
41 bléwouts resulted in a total pil or condeﬁsa;e spillage of
approximately 80,000 bbl. Fire occurred in 10 of the 41 blowouts;
8 of the fires burned gas only. During the l6-year period, 10
blowouts resulted in oil or condensate spills.infb the water and
-2lof tﬁe 10 blowouts had oil fires'which impécted on air quality.

Through December 1972, a total of 1,553 oil and gas tracts

have been leaéed in Federal areas of the Gdlf of Mexico and

1/ All data is taken from tables prepared by the Conservation
Division, U.S. Geological Survey, "Accidents Connected with
Federal 0il and Gas Operations in the Outer Continental
Shelf Through 1972."

2/ Work cited in footnote 1.
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Santa Barbara cleaniup attempts. Similarly, bird species are
vulnerable if beaches'and marshes become*coptdminated by oil,
especially if vegetation ‘and food sources are destroyed. In the
Northern Hemisphere, hundreds of thousands of swimming and diving
birds have perished from oil pollution during and since World War
II,and a marked reduction of some nesting populations of sea birds'r
from suéh mortality has been documented (31). Howéver, no such
problem has been.documented in the Gulf of Mexico as a result of
oil spills on the OCS.

Equipment and procedures for recqvering oil spilled in pro-
tected waters are well developed, but similar-capability in the
open sea is Severely 1imited..'There are no recovery devices capa-
ble of picking up oil in raugh seas with wave levels over five feet.
The use.of sorbents which have an affinity for oil poses specific
problems: distributing sorbent over the area affected by the oil
spill is difficult particularly in higﬁ winds; there is no effective
procedure for collecting the sorbent after contact with spills; and
treating or disposal of sﬁch oil-saturated materials is difficult. .
The phemical and physiéal process and potential impacts of sinking
oil: to the ocean bottom-is particularly undesirable in shellfish- .
producing intertidal- areas. The use of dispersants on spills
introduces the'pfoblem of toxicity of such materials if they are
poorly handled or are not properly.diluted in the water column (29).
An extenéive‘discussibnfof present -oil spill recovery‘techniques

can be found on pages 237 and 249-255 of the OCS statement..
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Marine life may also be affected by efforts to remove the sur-
face oil. Emulsifiers, as well as.natural storm action, remove oil
from the surface by redistributing it as minute droplets throughout
the water column. 1In this condition, oil is more susceptible to
biological and chemical degradationm, although in combination with
such chemicals, it is usually more toxic. Furthermore, the oil
treating chemicals themselves has been found to be more toxic than
crude oil in many instances (30).

Shellfish appear to be quite vulnerable to the majority

of chemical dispersants, and in past oil-spill incidents

where heavy dispersant spraying has been conducted in the

tidal zone or in shallow areas with restricted circula-

tions, large shellfish kills resulted. Fortunately, the

effects of oil spillage on shellfish appear to be fairly

temporary, and even in those situations where high mortali-
ties were observed at the time of the incident, complete
recovery of the shellfish population appears to have taken

place within a period of 6 months to 2 years. (29, p. 14.)

Nearshore, estuarine, and eoastal environments are adversely
affected as a result of oil spills if current and wind conditions
are such that the spilled oil is transported shoreward in large
amounts. Beaches, water recreation areas and historic sites could
be rendered temporarily unusable resulting in a loss of recre-
ational enjoyment and economic benefit to the local populace.

Water sports, such as swimming, diving, spearfishing, under-
water photography, fishing for finfish and shellfish, boating, and
water skiing would be most.directly affected. Other marine-

related activities such as beachcombing, shelling, seascape paint-

‘ing, shoreiihe nature study, camping, and sunbathing would be made



much less attractive for an indeterminate period depending upon
the promptness and efficiency of the clean-up effort.

Much mbre,critical in terms of total value is the degradgtion
.of estuaripe and marsh areas which are-vitallto the ecology as
nursery grounds. A complete discussion of the effects of oil.pol—
lution‘iﬁ these areas has been ddcumepted.l/- |

There has been one case where mortality.of organisms in the
immediate area of a No. 2 fuel oil spill was reldtively high (95
percent),.aﬁd within one year after the spill repopulation was
occurring at most of the stations of the study. Larvae of the
commercially importaﬁt speéies such as oysters;.crabs, and shrimp
which use marshes and estuaries to feed and grow are also affected
by spilled hydrocarbons._lCoﬁtinued reéearch on the impact of oil
spills on inshore organisms will provide more definitive answers
to the questions of ﬁortality and repopulation by indigenous
organisms. |

(e) Waste-Watér. — A production element which can contribute
to offshore pollution is the disposal of waste water assﬁciaged
with oil production. Although the volume of such waste discharge
is felatively smali, an increase in offshore oil activity and
the advancing state of depletion of water drive fields will_cause
waste of this kind to be an important consideration. The oil con-
tent of waste water discharged as a result of OCS operations ié

limited. to an average of not more than 50 ppm under-OCS Order No. 8.

1/ For a thorough treatment of this subject see pp. 91-143 of the
0CS Statement.
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In Federal areas offshore Louisiana 1,935 structures produce
a total of nearly 1 million barrels of oil per day; waste water is
discharged from approximately:214 of the structures. Total waste’
water’production is about 420,000 barrels per day; 240,000 barrels
are transported to shore and 180,000 barrels are discharged into
the sea.  The largest volume of waste ﬁater discharged at.a single
location is approximately 20,000 barrels per day. The decision to
separate, treat, and discharge waste water on the platform or pipe
it to shore depends primarily on whether or not space exists on the
platform for separatihg facilities and if pipeline capacity is
available. The oil content of waste water discharged in OCS opera-
tions in the Gulf of Mexico, which averaged 40.8 ppm.in March 1972
can contribute as much as 7.3 barrels of oil per day to the Gulf
of Mexico waters.

During 1971, approximately 16 barrelé of 0il may ha%e been
introduced into the ocean daily, either from minor spills or waste
water diécha;ge. Based on these figures, increased production of
300,000 barrels per day, the projected amount recoverable from 0il
shale by 1980 could contribute an additional 4 to 9 barrels of oil
per day from continuous pollution sources on the 0CS in addition
to spills from unidentified sources.

There.is little research on the effects of waste water dis-
charge on the environment. Tﬁe only two studies to date have
produced diametrically oppbsite results. One study shows that -
due to the extfeme salinity (between 6.1 and 27.0 percent dis-

solved salts), and the difference in proportion of salts in waste
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water and sea water, that where quantities were dumped into a
stfeam the biota was destroyed. When the brine was diluted meas-
urably by rainfall, the fauna moved back into the area suffering
pollution. The other study states that results of brine effluent
in.a stream had no observable effect at a.distance of a few feet
"from the discharge pipe. The study goes on to state that'there-may'
e;en be a "fertilizing" effect due to the introduction of the brine.
These studies are, at best,_minimal evidence on which to base a
.sound judgment of the effect of waste water on the environment.

(f) Pipeline Construction. - Pipelines laid offshore are

buried (required by BLM administrative procedures for water depth
of 200 feet or less) to avoid the danger of being struck or dragged
by ship anchors as well és.to avoid movement in the event.of strong
w;ter currents in times of intense storms, such as hurricanes.
Approximately 98 percent of the oil and_all the natural gas pro-
duced offshore is transported to shore by pipeline and the remain-
ing 2 percent is transported by barge. Although well blowouts
-attract the most attention, spillage of o0il due to the rupture of
pipelines which tr#nsport offshore production to shore terminals

. can be serious. During the last decade ruptured ﬁipelines caused
more pollﬁtion than drilling and production operations. From

1967 through 1972, there were 12 pipeline breaks or leaks of 50
barrels or more connected with 0CS oil and gas operations, total-
ing approximately 176,006 barrels. The largest, a spill of

160;639 barrels of oil caused by a pipeline leak due to anchor

&ragging occurred on October 15, 1967.
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Pipeline construction in marsh areas resulting from 0CS
operations will cause temporary damage, and disturbance of benthic
orgénisms. Debending upon éxisting environmental conditions,
some of this damage may be permanent. When pipelines are buried
in coastal marshes, it‘has been a common practice to dredge canais
‘in which to piace them. Such pipeline canals-iqcreaSe the ratio
of water to wetlands by physically removing the coastal marshes,
by facilitating drainage of fresh-water necessary to maintain
diluted conditions in the estuaries, and by increasing the rate of .
salt water intrusion from the moée highly séline coastal waters.
The dredging.ahd redepositing of the displaced sediment also dis-
turbes the local habitat of acquatic plants and animals. 'Recent
studies <§g)'indicate that 16.5 square miles of marsh have been
destroyed each year in coastal Louisiana by erosion, subsidence,
and construction. Most of this destruction is attributable to |
natural caﬁses, including hurricanes, but some anﬁual marsh destruc-
tion can be attributed directly to canal dredging operations
associated with the oil industry, and to construction of pipeline
canals. Some of these pipeline canals serve onshore production
and others serve offshore production.

Adverse effects of pipeline construction may be either short-
term or permanent, énd'may be minor or serious, depending on the
methods employed'in'laying,p;pelines and their location. These
effects can be substantially reduced with:adequaté planning and
by using the most appropriate con§truction techniques: Usually
bulkheads are placed in canals to pre@ént saltwaterfintrusion and-
to maintain.existing drainage-and wafer—exchange routes. To pro¥
tect oysters, pipelines ére_usually routed around majér‘oyster
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reefs, and where shallow estuaries are to be crossed, the canal is
usually backfilled, as is often the case with canals through marsh-
lands.

A ditching or jetting opefation associated with construction
in offshore areas generally causes temporary turbidity of the water
in the immediate vicinity and may temporarily disturb fish and other
aquatic life during that time. . It is possible that the operation
may also temporarily damage a portion of aﬁy shelL fisheries exist-
ing in the immediate afea.

(g) Summary.'- Even with the best systems and controis, some
dii.pollution from OCS leasing will occur. The recently strengthened
regulations and operating orders 1/ are as stringent as technology
"allows at this time. Although increased Federal inspections and the
large costs involved in controlling, containing, and cleaning up
spilled o0il have combined to generate an awareness of the necessity
to improve the OCS safety record, no regulation or enforcement can
guarantee that there will be no pollution from oil producing opera-
tions on the OCS. <ﬁatura1 disasters, equipment failure or human
érror could occur despite regulations and enforcement procedures.
Federél enforcement and regulation procedures, and better equipménﬁ
and. engineering standards, although they cannot guarantee. there
will be no spillage, have served to reduce the risk of oil spill
accidents and pollution incideﬁts resulting from OCS development.

| Cumulative effects on the environment from OCS leasing will
result as more areas are made\aﬁailable for offshore mineral

development. An increased lével of conflict and navigational

1/ 1Including the National 0il and Hazardous Substances Pollu-
tion Contingency Plan, 36 FR 16215, August 20, 1971,
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hazard will result froﬁ additional offshore structures associated
with OCS development. The greatest effect will be on commercial
éhipping and fishing activities. Increasing the- numbers and lengths
of pipelines to shore will have its grgatest impact in nearshore |
and onshoré areas,.i.e., ésfuaries, marsh and wetlands environ-
ments. The biota in the path of a pipeline will undergo disrup-
tion, loss of habitat, and wili suffer physiélogical stress, injury,
Sf death. In addition to pipelines, additional incfémenfs of
transpoftation, storage, refinery, treatment,'andfother facilities
and activities associated with oil and gas.prodﬁcfion on the 0CS
will have an overall, cumulative effect on the coaétal environ-

ment and local and regional.economies. The initial effect on

biota will be one.of disruption and destruction in the construc—
tion ‘areas. A cumulativeleffect will result from solid, liquid,

and gaseous waste disposal associated with OCS deﬁelopment and

any oil polluting events should they occur. The quality of air

over a developing area could be degraded by exhaust emissions of
stationary power units and service vessels and by the accidental
release .of oil and gas from wild wells. The effect will be physio-
logical stress and death for oiled plants and animals and possible
7confamination of marine food sources for man. The scope, duration,
iocation,'and 6verall‘sighificant effects of an oil spill on a cum-
ulative gésis are unknown. However, the area of greatest potential
for receiving lethal and sub—lethal adverse effects on a cumulative
basis are embafments and semi-enclosed waters where many species
undergo early development and are more vulnerable to toxic compounds.
noil_on a beach would be aestheticélly unpleasant and would disrupt
recreational events and usuaily render affected beach areas unsuit-
able for human enjoyment.

v-61



b. Onshore Production

This élterﬁative would require increased exéloration, develop-
mént.ana production of crude.oil (and hatural-gas) from onshore
sources. To be a real élternativé, supplies equal td all or a signi-
fiéant parﬁ of projected supplies from shale oil would have to be
deveioped in addition to those supplies that are ﬁrojected.to be pro-
duced from onshore sources, during the same time frame. Experience-
indicates that it would be exfremely difficult, if not impossible, to
expand drilling efforts to provide additional needed supplies, espe-
cially when consideration is given to the drilling effort required
to offset continuing declines in onshore production. Paét discovery
rates.indicate that the drilling 6f over 50,000 additional wells
might be ;equired to provi&e equivalent supplies to what could be
delivered from oil shale within the proposed time frame. In 1970,
less than 30,000 wells were drilled in onshore areas..

Onshore drilling in recent years has continuall& declined; a
major contributor to the decline has been a lack of economic incen-
tive. Additional incentives such as subsidies, price increases and
tax benefits could result in-increased.drilling and development of
.onshore doﬁestic supplies, But little information is avgilable to
evaluate the cost effectiveness of such a program. With,ihcreased
incentives, additonal exploration, development, and production 6f
suppiies could be expected_but increases in crude o0il supplies from
ﬁew discoveries could not be expected to be forthcoming in signifi-
cant enough quantities to Pffset a l-million-barrel-per-day rate of

shale oil production in 1985.



Two hundred forty-six billion barrels of crude 0il are esti--

mated to be recoverable from domestic onshore areas, including

Alaska North Slope, under current technologicél and economic con-

ditions. Potential onshore reserves would be adequate to meet
projected requirements, but past and current drilling efforfs have
not resulted in discoveries that would have provided adequate

increased production. The most favorable geologic provinces

-already have been developed so exploration success possibilities

are reduced. In the late 1940's only 30 wildcat wells were needed
to locate a signific&nt new field; the number of wells required had
nearlyrdoubled by 1960, and this trend has not reversed.

| The importanée of finding large fields becomes apparent &hen
it is noted that last year 63 percent of U.S. production was from
only 264 giant fields; there are over 35,000 oil fields in tﬁe
United States.

Development of spare shut-in capacity in the Naval Petroleum

Reserve at Elk Hills in Kern County, California, could be a par-

_ tial alterﬁétive. Production has been limited to about 2,000

’barrels of 0il per day. 1In 1970 shut-in capacity was estimated to

be about 160,000 EPD. Af thAt time, the expenditure of approxi-
matély $100 millionafor &rilling, plants and compressors, and

$50 million for additional transportation facilities cquld result
in iﬁcréased prdduction to about 350,000 barrels of crude oil per
day of prdduction (33). Congressional apprqval would be requiped

for any appreciable increase over the current producing rate.

V-63



Technologicai advances permit improved recovéry of oil from
existing reservoirs, and, in effect, inérease the "recovefable
reserves" in a pfoducing formation by a process called "secondary
recovery”. Injecting water into the reservoir to mechanically
displace some of the trapped oil is an example. Improved recovery
techniques have added about 0.5 percent per year to the expected"

- ultimate recovery.

Ultimate recovery of oil is currently estimated'at.31{1
percent of original oil in place. The applicability of recovery
techniques debends strongly on the nature of the oil reservoir;
the estimated recovery ranges from 13.5 percent in Chio to
65 percent in District 6 of Texas. With estimated original
oil-in-place of 425 billion barrels, an increase of only 1
percent in the average recovery of oil-in-place would yield
4,25 billion barrels, or 2 million barrels per day for 12
years. The historic 0.5 percent per year derived primarily
through improved water-flooding techniques, however, appears to be
decreasing (35).

The rate of improvement in recovery efficiency
appears to be diminishing rapidly, however,
The fact that an average of only one-third of
the discovered oil in the ground is being re-
covered currently, and that significant oil
deposits are becoming more difficult to find,
emphasizes the need for a continuing research
effort in these areas.

It is also important to note that supply-demand forecasts

usually include provision for some improvements in recovery,
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often explicitly. For exaﬁple, the National Petroleum Council
projects reserve additions of 28.5 billion barrels, or 71 percent
of its 1971-1985 totais, from application of secondary and terti-
ary recovery processes (34). Much of the production capacity
added in recent years has been obtained through such improvements,
and further dramatic-increases are generally not anticipated at
current costs and price levels. Technologic breakthroughs which
could contribute an additional one million barrels per day will
probably come froﬁ secondary or tertiary recovery methods other
than waterflooding. Miscible and thermal techniques have been
proven iﬁ tﬁe laboratory. 'Séme'have shown limited tethnical but
nof economical success when'applied to the actual resefvoir.

Incremental gas préduction, while possibly substantial, is
measured with respect to a base of.excess p;oduction which is
declining under present regulation. WNatural gas reservoirs are
not amenable to the.sécondary recovery technology breakthroughs
that petroleum reservoirs are.

(1) Description of Field Activities.

(a) Exploration.- A variety of surveys are carried out by

aircraft and surface methods. SmAll single- and twin-engine air-
craft and helicopters conduct visual reconnaissance at altitudes
of 100 to 500 feet. Flights above 3,000 feet conduct photographic,
geophysical magnetometer, and geologic visual reconnaissance

surveys.
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Surfage'exploration includes: (1) casual use of existing
roads and trails to cdnduct geochemical and.reconnaissance
surveys, make stratigraphic, lithologic, and structural maps,
and take air samples, and (2) intensive use requiring extended
physical presence on the land and reSulting in significant

" disturbance to the environment,

Geophysical surveys include use of explosives, thumpers, or
vibrators to transmif shock to the ground. Explosive methods
involve drilling holes in the ground and detonating explosives
in the hole. |

Thumper and vibrator methods use truck-mounted equipment
to pound or vibrate the earth. Access trails may be cleared
of soft vegetative cover and loose mineral material so that
detectors spaced along the trails can receive as much enérgy
as possible. During preliminary reconnéissance, a few such
trails would be cut; more intensive investigation of a promising
area could require a network_of trails on a 1~ to 2-mile grid
or closer,

The seismic explosive method can damage water wells and

irrigation facilities in close proximity to the test area.

Other types of geophysical surveys (to measure temperature
and other characteristics) use 1ight-weight-equi§ment which
is usually hand-carried with very little if any disturbance

due to the survey itself.
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Subsurface explorationrbegins with stratigréphic.tests,
wﬁich afe usually shallow (100 to 500 feet), uncased holes
designed to determine subsurface structural features and correct
seismic data. They afe usually drilled with truck-mounted
equipment and disturb a relatively small area. Temporary
roads and trails constructed for access to the test sites are

minimal.

Wildcat wells are drilled to verify the existence of hydro-
carbon deposits. To support the drilling rig and other equipment,
a heavy-duty but temporary road is built. In deciduous forest

biome, this could require cutting of some trees.

The wildcat well site is cleared of all vegetation and
graded to a flat surface. The area of the site depends on
the type and depth of well drilled, equipﬁent used, ahd the
topography, and may cover an acre, more or less. At the well
site, a.drilling rig, mud pumps and pit, generators, pipe
rack, and tool house are 1odated on the drill pad. Other
facilities, such as water and fuel storage-tanks, will be_
neafby. In fémote areas, the drilliﬁg company may construct
additional support.facilities, such as a drilling camp and an

aircraft landing strip or heliport.

During drilling, a'sﬁecial fluid called "mud"” (a mixture
of water, clay, and mineral additives) is pumped down the drill

pipe under controlled pressure. When the mud reaches the
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bottom of the holé, it is forced out through the drilling bit
and returns to the surface between the drill pipe and walls

of the hole. This mud is sometimes mixed and stored in pits
dug in the ground.' If abandoned, it may form a surface crust

but may .not harden for years.

"Casing" consists of lengths of steel pipe set in the drill
hole. It helﬁs maintain good circulation of the mud, pre#ent
_ erosion of the walls of the hole, protect fresh water.strata,
and shut off high-pressure zones, Once casing is set in tﬁe

hole, it is sealed in place by a cement slurry.

"Blowout preventers"_are-installed as safety devices,
whose function, if unexpected high pressures are met, is to close
off the sp ce between the drill pipe and the casing in a matter
of seconds and to contain these preésures until normél
drilling can be resumed. When the well is ready for production,
a system of high-pressure surface valves,'called a Christmas

tree, is installed on top to control the well flow.

A well requires water for mud, cleaning equipment, and
cooling engines; a water well may be drilled if no other source
is available.. A pipeline may be laid several miles and a pump

installed at a stream to furnish water.

Discovefy of oil or gas leads to testing which requires

additional equipment such as separators and storage tanks.
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. In some areas, an opetator nay be allowed to flare gas for a
short period for.testing; in others, gas may be released unburned
to the atmosphere.

If the wildcat does not discover oil or gas in commercial
quantities,; the hole will be plugged and the location abandoned;
The drilling pad and surrounding erea should be cleaned up and -
restored (required in most circumstances).

(b) Development. - Development differs from the later

stages of exploration primarily in the extent and intensity of
activities., More detailed seismic work may be required to
determine the best location for the first offset or development
well sites of a more permnnent nature; they are generally more
stable in their location and construction methods better planned
than those in the exploratory phase.

As the field develops, the wells are interconnected with a
road and pipeline system.

‘Many fields go through several development phases; new
development wells may be drilled past the known producing hori-
zon- in an attempt to find additional productive zones. If a
deeper zone is developed within the field area, additional wells
may be drilled adjacent to existing'prdducing wells—-reducing
effective well spacing——or“the existing wells and.any new devel-
opment wells may be drilled deeper and completed as "multiple

completidne."

V-69



(c) Production. - The production phase involves periodic

inspection and repair of operating equiﬁment and facilities.  In
cases of smaller producfion capacity, oil will be stored tempo-
rarily in tanks. and picked up periodically by tank truck. .When
brines are a principal byproduetlof the productipn operation,
corrosion is a particulariy important problem. Late stages of
prodﬁction usually involve secondary recovery operations requir- .
ing additiqnai pumping or iniecfion equipment,

(d) Abandonment. - As production declines, some wells in

the field may begin to produde too muéh water. ' In some oil fields
gas produced becomes excessive and wells are;eyentuallv;shut in and
abandoned. Abandonment.of_gaé wells usually comes when reservoir
pressure and rate of gas ﬁroduction become too low. Deregulation
and higher prices would tend to delay abandonment of existing gas
fields and prolong production‘in new fiel&s. $ome of the gather-
ing system,-flow lines, and other buried pipe may be left in

place if the cost of rémovallexceeds salvage value and regula-
tions do not so require.

- (2) Potential Environmental Impacts. — This section dis-
cusses environmental impacts involved in current domestic crude
petroleum and-natural gas production onshore, Deveioping
petroleum production needed to meet an incremental increase of
one million barrels per day would increase these environmental

impacts on the average by about 5 percent. These impacts can
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be associated with areas where petrdleuﬁ'exploration production .
is already a common practice and to'areés where petroleum extrac-
tion is virtually unknown. If the incremental prbduction derives
from egisting producing wells and if storage and distribution
systems are adequate to handle the additional produced fluids,

the resulting impact will be minimal. If the extra pfodﬁction

" comes from extending the limits of producing reservoirs, recom-.

pleting wells in the producing reservoir or in other reservoirs

-which they penetrate at greater or lesser depths; or secondary

recovery operations, additional impacts will result (discussed
in detail in the following section), These impacts are associated
with drilling and reworking production or injection wellé,-erect—
ing gathering, storage and distribution systems as well as any
other required operating equipment. Higher unit prices for crude
oil or natural gas should stimulate exploration énd, since fossil
fuels such As petroleum and natural gas can theoretically be dis-
covered in essentially any area where the earth's subsurface
crust is composed, at least in part, of sedimentary rocks, the’
additional production could result from successful exploration
of areas where 0il ‘and gas extraction is not common. For this
case the resulting environmental impacts will be maximum.

The following impacts relate generall& to any area where
crude petroleum-Or natural gas extraction could occur. .

(a) Air Quality. - The impéct of additional petroleum pro-

duction on air quality stems principally from the emission of’
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particulates into the atmosphere; however, some disturbance
results from noise and vibrationms.

Engine exhausts from vehicles and stationary engines
result in emission of the products of combustion. The impact
of such pollution dependent upon the size of the-operation, cli-
matic conditions, topography, and localized factors. Noise and
vibrations from stationary engines-used in drilling and production
operations and transporting systems can disturﬁ-the ﬁatural envi-
romment. Air quality in immediate areas could undergo some tem-
porary reduction because of removal of ground cover, dust from
vehicle traffic, and from occasional equipment failure or blowouts.l

Vapor §enting from storage tanks and vessels, the frien&ly
or acci&ental burning of petroleum and other chemical products,
especially those containing sulfur compounds, could release par-
ticulatés, volatile and noxious oxides of combustion into the
. atmosphere, as well as objectionable odors. These emissions can
.generally be classed as iﬁtermittent, infreqﬁent and present in
small amounts.

Since production operations:result in"relatively small
amounts of air'coﬁtaminants, it is highly unlikely that air qual—v
ity reductions from such operafions associated with increased
petroleum or natural gas production would significantly alter
biological conditions affecting the growth of.flora.- However,
the feeding and neéting habits'of bifds and animals, wilderness

' qualities and hunting could be altered as a result of noise and
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vibrations associated with increased operations. After termi-
nation of operations, a reversion back to original conditions
would be expected.

(b) Water Quality. - The construction of roads for access

into prospective petroleum producing areas could.affect water
quality where drainage patterns are disturbed or when.érosiop is
possible. Canal dredging can result in temporarily increased
turbidity and sediment suspension.'

Entry of foreign substances such as oil, chemicals, brine,
and waste materials into the water cycle can be a major environ-
mental risk associated with petroleum prqdpction operations.
'Spills or leaks allowing such substances to enter the surface or
ground water.systems caﬁ result from human error and neglect;
corrosion of pipelines and container vessels; pipeline breaks
from vibrations, earthquakes, landslides, ruptures, or mechanical
failures; burning pits and open ditches and blowouts. During
production, large amounts of salt water are usually produced as
oil.fields age. Such water can create disposal and pollution
problems. A study by the Interstate 0il Compact'Commissioﬁ (iOCC)
indicates that ub-to 25 million barrels of salt water are pro-
duced daily from the Nation's oil wells. Proper disposal of
produced brines has been apd continues to be of major concern to
producing operators. Subéurface disposal is strictly regulated
by state water resources agencies and disposal ofésalt water is

not permitted in fresh-water streams (29, p. 147).
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The principal causes of water pollution from barges trans-
porting“petroleum'inland and on coastal waterways are loading and
unloading operations; collisions; ship operations, such as bilge
disposal; and humah error. Data compiled from the Pollution Inci-
dent Reporting System (PIRS) of the U.S. Coast Guard show that
there were 295 spills atfributed to barges in 1970. Average éize
of the épillé was estimated to be approximately 66 barfels per
spill. Even though spill control methods are being improved,
increased movement of petroleum has increased this pollution-
problem,

(¢) Surface and Subsurface Land Quality. - A potential

.source of land pollution is a_Blowout during drilling, but the
frequency of blowouts is small. A well blowout, while not commoﬁ,
may occur at any time during exploratory or development-drilling.
If blowout preventers fail, a well may flow out of control for
days or months until the pressure declines, rocks and debris lodge
in the well hole and restrict the flow to a controllable rate, or
a relief hole or other control operations are successful.

During a blowout oil, gas, drilling mu@, and brines may be
sprayed ‘into the air (QQ). Wind-blown pollutants can damage sur-
rounding vegetation and other resources. A blowout can also
charge subsurface formations with gas,-oil, or brine, endangering -
ground and surface water quality. Fire is a possibility and seri-

ously complicates control operatioms.
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The likelihood of a blowont is usually reduced by use of a
blowout preventer--a large control‘val§e that can be clésed to
stop or reduce the well flow. Although usually standard equipment,
blowout preventers, like any mechanical device, may malfunction
.when needed. One hundred and six blowouts occurred in drilling
273,000 wells in 8 major oil-producing states from 1960 through
1970. Most blowouts are from high pressure gas rather than oil.

The injury_experience of the oil industry has been far less
than that of mining. For example, injuries ére about one-fourth
of those attributed to coal mining. Moreover, historical injury
rates of the o0il industry are relatively conStant; which indicafes
thét increased production would not significantly increase the rate
of additional fatalitieé (For additional details see Volume I,
Chapter III, section G.1l.f.),

In exploration and pipeline operations, spills are generally
small, Major spills could occur in drilling, production, and
in transportation of petroleum liquids by marine transportation.'
-The.Eﬁvironmental Protection Agency (EPA) estimated that 10,000 oil
spills occur per year of Wﬁich 2,500 are ground spills (29, p. 146).
Most ground spills.cause little ground damage. According to the
1970 reporf of the Office of Pipeline Safety (Department of Trans-
portation) on spills_incidepts, there were a total of 347 liquid
pipeline accidents. Crude oil waé being transported in 216 of the
accidents. In those accidénts, spills averaged apﬁroximately

1,780 barrels of crude oil. Principal cause of over 50 percent of
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the accidents was corrosion. Many pipelines are old, déting back
to the 1920's before techniques for protection against corrosion
" became widely used. With the development and expanded use of
cathodic protection of.pipeiines, fewer dccidents jn new lines
wéuld be expeéted, but accidents from old lines will continue to

be of concern.



2, Arctic 0il and Gas

a. Arctic 0il Potential

The Prudhoe Bay field currently is estimated to contain 24
fillion barrels of oil-in-place. At an estimated recovery rate of
40 percent, the current proved recoverable reserves of the field are
9.6 billion barrels of crude oil (37). These reserves alone make
the Prudhoe Bay field the largest ever discovered on the North
American continent (38). Nevertheless, the 9.6 billion barrel estimate
may be a conservative indicétion of the crude oil potential of the.
field, the Arctic Slope province, aﬁd the adjacent regions of the
Canadian Arctic.

initial.estimates of the reserves of newly discovered fields
seldom indicate their full-potential. As further drilling occurs,
the proved area of pools is extended. Further developmental drilling
and production provide additional information upon which more accurate
estimates of reserves can be based. The applicafion of'secondary
récovery techniques in the field also increases the amount of proVed
reserves (39). |

.The current reserve estimate for the Prudhoe Bay field is for
unextended pools and assumes primary recovery dnly. Since the
Prudhoe Bay discovery is quite recent and since relatively few wells
‘were drilled at the time this estimate was made, it ié highly probable
that reserve estimates will increase aé the field is developed. ARCO
officials have recently indicated that they hope fo recover ultimately
65 percent to 70 percent of the oil-in-place (&Q); This increase in

_the recoverable percentage would increase present reserve estimates -
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to 15.6 to 16.8 billion barrels of recoverable reserves ffom-present‘
estimates of oil-in-place. With the addition of possible extensioﬁs,
it is likely that at lease 20 billion barrels of crude oil will
eventually be recovered from the Prudhoe Bay field. This would

make it the fifth largest 0il field ever discovered (&l).

The estimated reserves of.the.Prudhde Bay field do not exhaust
the petroleuﬁ potential of the Afctic Slope province in Alaska.

The Prudhoe Bay field is locatgd in the Colville\Basin. Geologically,
- this basin is classified as an intermediate crustal type, i.e., its
undérlying crust is intermediate to that beneath continents én& that
beneath oceans, the basin itself being extracontinental (located on

- the margin of a continent) and sloping doanard into a small ocean
basin. Extracontinental, downward warping basins are among the
richest sources of o0il and gas in the world. Examples of such
_Basins include the Arabian platform and Iranian baéin (Persian Gulf),
the East Texas basin, and the Tampico embayment (Mexico). Over one;
_half of the 119 known oil fields with at least 1 billion barrels of
recoverable rgserves'are found in thé 10 known basins of this

typé (42).

‘The ultimate potential of the onshore area in the.Arétic Slope
‘province (excluding the Arctic Wildlife Refuge but including Naval
fetroleum Resefve No. 4) is uncertain. The platform along the Arctic
éoast gives considerable geologic indications of being very favorable
for both oil and gas (43). Comparison with the history of similar -
basins indicates a high probability of further discoveries of varfing '

size., One estimate made prior to the release of detailed information
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on thé Prudhoe Bay.field suggested an ultimate recovery of up to

30 billion barrels for the province,including speculative reserves (44).
Other professiohal estimates made before and since that time (which
incorporate higher recovery rates as well as greater optimism about
additional discoveries) are somewhat higher, ranging up to 40 to 50
billion barrels (45). Considefably higher estimates than these have
been made (46), but the geologic evidence fof them is lacking.

The Beaufort Bésin,east of the Richardson Mountains and
enqompassing the Mackenzie Delta, also has considerable geologic
potential for petroleum. Two discoveries of oil have been made
already in this area by Imperial 0il, Ltd. They are considered to
be significant, but official reserve estimates for them have not yet
been published. Imperial has only indicated that it is optimistic
about. finding at lgast 2 billion barrels of recoverable crude on its
Beaufort Basin leases (47).

The Chukchi and Beaufort Seas off the northern Alaskan and
northern Canadian coasts are also believed to be potential oil and
gas afeas (48). These must be considered more speculative possibilities
than the onshére areas. >Imperia1 0il, Ltd. purrently'plgns to build
artificial islands by dredging in shallow parts. of the Beaufort Sea
off the Mackenzie Deita lafer this year. Exploratory drilling will
begin from these in late 1973 (49). Other shallow sections may be
open to similar techniques. Driiling in deeper areas (50 feet or
more) may, however, prove to Be prohibiti#ely expensive, even if
geologic prospects are good. Hence, recoverable oil from déeper

offshore areas may be limited.
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There are large sedimentary areas in Canada that are favorable
for the discovéry of oil and gas. Recent years have seen increasing
exploration activity iﬁ the Arctic Is;ands. Results to date have
indicated large discoveries of'natural gas; however, discoveries of
~ 0il have not been extremely promising. Exploration has also been
conducted in Canada's offshore areas in Eastern Canada. The only
Tind so far has been oil near Sable Island which is in the southern
‘part of Canada's offshore area and near the U.S. offshore area.

During the period from 1950 to 1969 Canada's proved crude oil
reserves increased steadily from 1.2 billion barrels to 10.5 bpillion
barrels. Since 1969 Canada's proved reServes have been slowly de-
cliﬁing. A future increase in reserves will depend on results in
the frontier areas in thé Artic and offshore. Assuming a finding
rate. between i970 and 1985 comparable to that which occurred in the
prior 15 yeaﬁ period in Canada and assuming a reserve to ?roduction
ratio of about 10 to 1, Canadian production in 1985 could be about
3,300,000 barrels per day. If 50 percent of the production is
‘exported to the U.S. this would amount to 1,650,000 barrels per day.
Canada also has high reserves of tar sands; however, with the large
"capital in&estments required the production from this source will
probably be in the range of a few hundred thousand barrels per day
by 1985.

Cahadian o0il production is approximately in balanceﬂwith Canad-
ian oil consumption, Thﬁs, Canadian imports of oil from the  Caribb-

ean and Middle Fast areas of about 50% of her consumption allows
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Canada to export about 50% of her>produétion to the U.S.

Canadian oil has received preferential treatment under the oil
import progranhand.thus,imports from Canada have increased rapidly.
At the same time Canada's oil imports from overseas areas have
continued to increase so that Canada remains over 50% dependent
on overseas imports for her internal consumption of petroleum.

In 1959 the U.S. recognized its growing dependence on imgorted
0il and its security position and instituted the 0il Import.Program.
Overiand)imports from Canada were ostensibly exempt. Actually,
Canadian imports have always been subject to some degree of informél
or formal control recognizing that a Canadian ﬁolicy of accepting
more Middle Bast imports to sell more oil to the U.S. at a highérr
pricé would not represent éither'security or economics. While
Canadian crude oil has been made subject to quota restrictions, the
quota has been increased each year and often during a year. Recent
cbmments in the Canadian trade press suggeét that Qanadian producers
may not be able to produce the oil required to use all the gquota

tickets already issued.
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B. Arctic Gas Potential

The Prudhoe Bay field has large reserves of natural gas dissolved
in or associated with its crude oil réserves. Recbverable gas
reserves in the field were estimated to be 26 trillion cubié feet
as of the énd of 1970 (50). An average of 750 cubic feet of

"dissolved gas per barrel (51) for thé current oil reserves of 9.6
billion barrels would indicate reserves of approkimétely 7 trillion
cubic feet of dissolved gas and 19 trillion cubic feet of associated
gas. These reserves, which, like the crude oil reserves of the
Prudehoe Bay field, are subject to extension and revision, con-
stituted 8.9 percent of recoverébie U.S. natural gas reserves at

the end of 1970 (52). They-also make the Prudhoe Bay field the 13th
largest gas field ever discovered in the world (53).

The natural gas prospects of the North Slope are not limited to
the Prudhoe Bay field. Several gas fields were discovered in the
1940's and 1950's on NPR-4, the largest §f which was éhe Gubik field
with 300 billion cubic feet of reserves. Geologic investigations of

~ other parts of the North Slope have indicated a favorable potential
for-future gas discoveries within them as well (54).

Large reserves of natural gas in separate fields héve recently
been.f0und in the Mackenzie Delta region. Imperial 0il has drilled
tw§ Successful gas wells on Richards Island at the mouth of the |

Mackenzie River. Although no official reserve estimates have been
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réleased for this new field, its reserveslare believed to constitute
a substantial pfoportion of the ‘estimated 15 trillion cubic feet éf-
gas reserves found.in the Canadian Arctic so far (55). This would
be a significant addition to current Canadian gas resérveg (56) and
would raﬁk the Richards Island field among the 30 largest gas
fields discovered in the world (57). The potential of this_fégion is
also believed to be much greater. Cur;ent exploration activity is
very intense. One additional gas discovery was made in February 1972,
45 miles north of Inuvik and additional'ones in the near future would
not be surprising (58). |

Given the large size of the Arctic gas reserves and the projectéd
shortages in other sources of domestic supply, -there is high proba-
bility that this gas will be déveloPed and transported to U.S. and
Canadian markets. Thrée different consortia have made proposals for
gés pipelines down the Mackenzie Valley to these potential markets.
However, many major uncertainties remain; for example, at.this time
industry experts differ in their opinions about how soon the gas caps
in the Prudhoe ﬁqy field can be tapped. Assgming 750 cubic feet of -
dissolved gas per barrel of oil produced, only 1.5 billion cubic feet
per day 6f dissqlved gas would be produced when oil production
reaches a level of Z;OJmillion barréls per day. The additional gas
reéuired to meet the fuil planned pipéline capacity would have to

come from the gas caps. The issue may not be fully resolved until
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several years after oil production begins, at which time empirical
datalon the effects of production of associated gas on the produc- .
tion of oil will be avaiiable. It is likely that a gas pipeline

to the Midwést and lowef Canada would transport gas from both thé

North Slope and the Mackenzie Delta region.

c. Transportation

The proposed tr;ns-Alaska pipeiine is schéduled.to have é capacity
of 2 million barrels of oil per day for delivery ;o the Wegt Coast.
If built as planned, its full capacity will be requifed for meeting.
those needs. However, with the prospect of the increase in North
Slope. proved reserves through extensions and with further high
potentiai of &iscovery of significant additional Arctic reserves;
such additional resefves could be transported via a trans-Caﬁada
pipeline to the PAD II area (Chicago) for meeting growing Midwest
needs. Such potential could be considered as a future alterﬁative
to shale oil production if and when the additional reserves material-
ize., However, even this significant potential could meet only a
portién of groﬁing U.S. o0il and gas requirements.

Once construction of the trans-Alaska pipeline is underway,
exploratory ;nd dévelofmental drilling should beéin again with
increased inteﬁsity...Several'years following, enough should be known

to provide better indications of total recoverable reserves,
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particularly for the area between Naval Pétroleum.Reserve Number 4
(NPR-4) and the Arctic Wildlife Refuge. Knowledge-of.the full
potential of other parts.of the North Slope, such as NPR-4 and
Canadian resources, is not Iikely to be obtained for several years
gfter that. Leasing and drilling for NPR-4 would require new
legislation permitting commercial development._ A;cordingly, it is
not possible at this time to project the timing and magnitude of

the development of those potentials.

d. Environmental Impacts

The potentiél environmentél impacts associated with the development
and trénsportation of Arctic oil and gas resources are set fort@ and
evaluated in great detail in the Department of the Interior's Final
Environmental Impact Statement--Proposed Trans-Alaska Pipeline, of
March 1972 (15). In addition to the various environmental considera-
tions associated with other onshore petroleum operations, environmental
considerations are far more complex as a result of the severe climate’
and the fragile nature of the Arctic lands and surface resources.
Detailed studies such as those made for the trans-Alaska pipeline
would be required to assure that all design, engineering, development,
construction, and operations were so conducted as to assure adequate
protection of other land, resource, and environmental values.

Examples of potential unique aspects include:
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(1)

(2)

3

(4)

(5

(6)

Thawing of permafrost from oil pipeling heat loss and from
construction activities. The materials then could become
unstable and flow or slide, especially on slopes.
Disruption of normal surface drainage and stream flows.
Surface or ground water contamination from construction,
operations, and ﬁossible oil spilis.

Destruction of fragile vegetation, particularly along pipe-
line right-~of-way. |
Fresh water'fishery resources.

Wildlife resources in a wilderness type environment.
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3; Nuclear Stimulation of Natural Gas Reservoirs

Since all projections of energy demand for the middle 1980's
indicate that domestic sources of natural gas are not sufficient.
to meet the Nation's needs, all potentiél sources of gas should
be considered as supplementary rather than an alternative to oil
shale.

To thé extent that excess natural-gas supplies could satisfy
certain oil ﬁarkets, however, the &evelopmeht of-substantial new
_gas reserves could be con;idered as an energy alfernative to oil
from oil shale. The Rocky Mountain belt has numerous basins with
proved reserves of oil and gas. Certain dgep, thick reservoirs
in these basins are known to contain substantiél quantities of
natural gas that cannot be recovered economically because of their
very low natural permeability. Exploding nuclear devices in these
massive formations offers the potential of stimulating gas produc-
tion;draining the feservoirs at much higher rates than obtained
by conventional production methods. Government and industry afe
cooperating in the Atomic Energy Commission's Plowshare program
to develop technology relative to nuclear stimulation of deep
natural-gas reservoirs; To date, three nuclear-explosive experij
ments.have been successfully executed, Project Gasbuggy and Rulison
provided valuable data (2&, 95) needed to evaluate the concept..
Rio Blanco "Phase I" as yet ﬁas not:been evaluated. ‘Rio Blanco
and Wagon Wheel (yet to bé'executed) each employ several explosives
in a single emplacément well (96, 98). Prior to further testing

or commercial development of nuclear gas-stimulation technology
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a detailed evaluation of results and impact_statemént of proposed
experiments will be reqqired. In addition to evaluating the
economics of gas stimulation,effects on ground-water quality and
quantity, seismic damage to man-made and natural structures,
radibgctive—material disposal, land use restrictions and product
acceptability to the ﬁublic will be determined. Only then‘can
congideration be given to any industry proposal for full field
development on a commercial basis.

a. Reserve Potential from Nuclear Stimulation

- The resource potential.of the tight gas sands in the Rocky
Mountain region is nearly 600 trillion cubic feet (Tef) of natural
gas; fhe corresponding technically recoverable potential reserves
have been estimated (99) té be 300 Tcf. Most of the resources
amenable to nuclear stimuiation are in the Green River, Piceance,
and Uinta Basins. The potential reserves from these three basins

~correspond to about 300 x 1015 Btu or, on an energy equivalent
basis, to about 50 billion barrels of oil. The rate of recovery
is important when considering the reéerve poténtial. One possible
schedule being considered by AEC estimates that the annual pro-
duction from full commercial development will be at just less

than 100 Bef the firsf year ana level ouf at about 3.4 Tef (100).

This would cause the basins to be drained in about 80 years.

b. Possible Schedule for Commercial Development
- Current emphasis in the Plowshare program is to develop

technology. A research and development period of approximately
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5 years is required, which includes the design and testing of
explosives and execution and evaluation of pilot tests-in each
basin. The Rio Blanco Gas Stimulation Project impact statement
(101) discusses a three-phase demonstration program for thé Rio
Blanco Unit.

Assuming succéss during pilot testing, commercial devélopment
could begin by thellate.l970's. A hypothetical plan developed
by the Lawrence Livermore Laboratory (LLL) (lgg)wpresumes technical
capability and public accebtancé of drilling, necessary field
construction, and explosive firing.of 80 wells (290 explosives)
per year by 1980. This could result in the production of about
600 Bcf of natural gas per year by that time. Favorable condi-
tions might allow a develobment program of 100 wells (370 éxplo-
sives) per year beginning in 1981. - Such a schedule could yield
1.50 Tcf per year (4.35 billion cf/day) by 1985. This corre-
sponds to an energy production of 4.35 trillion Btu's/day.

c. State-of-the-Art

Nuclear stimulation of ﬂatural'gas sands is still in the R&D
stage and the projected reserve potential resulting from nuclear
stimulation is predicted on the basis of technoiogy that has not
'been fully proven. |

To date the Plowshare program has resulted in the'successful
" execution of thfee stimulatioﬁ tests. The Gasbuggy test in the
San Juan Basin (Rio Arriba-County, New Mexico) provided informa-

tion on evaluation of-the effectiveness of stimulation and the
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seismic and fadiological effects of exploding a nominal 29-
kiloton device in a gas reservoir (94). An important result of
this experiment was that the reservoir was not suffiéiently thick
to determine the economic potential. A nominal 43-kiloton device
was used in the Rulison project (Garfield County, Colorado). The
cumulative thickness of the gas-bearing san&stone layers was twice
that of the Gasbuggy test; the total interval, including the nongas-
bearing strata, was nearly 10 times as thick. The cavity created
by the explosive and the subsequent roof-fall (chimney) was not
sufficient to stimulate the entire potgntially productive interval.
The most recent was the Rio Blanco '"Phase I" experiment. _
'Projecﬁ Rio Blanco Phase 'I and Wagon Wheel each proposed the
use of multiple explosiveé spaced at vertical intervals in a sin—
gle well. Rio Blanco, executed May 17, 1973, consisted of the
simultaneous detonation of three 30--kiloton explosives in a single
emplacement well. These two tests should prove the technical
effeétiveness and economics of multiplé—explosive stimulation of
very thick geblogic sections. Prior to Rio Blaneco, only.meagér
experimental data wgfe available on the depth of tensile fractures
in near surface rocks (spall) from nuclear tests and its effects
on minability of adjacent strata is uncertain. Considering the
other véluable mineral deposits associated with these basins,
particuiarly'the Piceance Baéin, it is also critically important
for any fu;ure tests to bé sufficiently instrumented and documenfed

to further define the effects, if any, of spall, ground motion, and
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aftershock on other mineral resources. Such programs were imple-
mented on Rio Blanco to fully evaluate any potential effects on -
these resources.

d. Potential Envifbnmental Effects

The geographic areas which have reservoirs amenable to nuclear
stimulation havelbeen or are involved with exploration fof and
development of petroleum and natural gas. In terms of environmental
effects, field developmént using nuclear-exﬁlosiVe stimulation
involves only two considerations which are not common to.conven-
tional field development. These considerations concern residual
radioactivity and seismic effects resulting_from the nuclear
expldsion.

- Most of the radioacti?ity produced by the explosidﬁs'will
remain underground trapped in the resolidified rock near the
bottom of the chimney or attached to the rock surfaces in the
chimney. Project design must assure that the cﬁimney remains
isolated from mobile water. The formations of interest for
nuclear—exploéive stimulation lie generally at depths of 5,000
to 10,000‘feet or deeper, hdave very low permeability, and would
not be expected to contain mobile water. Significanf vertical
communiication with shallow water-bearing formations through exist-
ing or created faults or fractures after nuclear stimulation |
would present an environmental hazard. As\discussed on page

V-94, this is extremely unlikely.
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Water produced with the gas from nuclear-explosive stimu-
lated wells will contain tritium.'-Control methods to dispose of
the tritiated water will have éo be developed.

The question of small amounts of radioactivity in thé gas
itself is under careful study to evaluate radiological implica-
tions. Contamination effects are controllable .to within aécept—
able limits; expected levels and-means of control are discussed
in detail in reference (100).

The potential environmental impacts resulting from nuclear
stimulation of a single well or iﬁ a small geographic area have
been stated and evaluated in the environmental-impacf statements
prepéred for the proposed PhaSe I Rio Blanco (101) and Wagon
Wheel (102) projects. Exfrapolation of the impacts to a full
commercial development relates primarily to the frequency and
size of explosives and to changes in local environment as the
~areas of development exfandr

The schedule described by LLL (100) calls for the drilling
and firing of 100 wells per year (for maybe 50 to 60 years). On
the average, this would involve approximately 370 explosive
devices.per,year; usually 3 or 4 explosives in each well. The
AEC estimates that_four detqnatioﬁ dayS'pef year should suffice
fﬁr the 30 to 40 wells to be completed for each field area.

Full scale development will require significant quantities
of fissionable material. .The yield required to stimulate the very
thick geologic sections and the actual seismic effect of such |

devices are not completely known. Prior to full field development,
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this impact must be asseésed and evalﬁated, Public inconvenience
and repairable damage must be compensated. Unrepairaﬁle impacts
would deter development.

In extrapolating the préjected or observed impact of test
projects, consideration must be given to the total enviromment of
the basin, which has been detailed iﬁ Volpmes I and IIi. -There
are thought fo be no current sufface or subsurface structures or
operations in the zone where damage may be substaﬁtial. The fact
th#t this will not invariably bé true, e.g., underground oil shale
minés, is an important environmental factor when considering
commercial development. The following parégraphs explain why
the‘depth of the shale from the ground surface must be considered.

By its nature, nucleér.stimulation has a dramatically destruc-
tive effect on the natural-gas host rock. The fracture zone
should extend 300 to.400 feet from the center of the explosion.
Also the compression wave'moﬁing out from the explosion can cause
spall near a free surface (grdund levél) or other faulting or frac-
turing in aréas where there are relétively large directional stress
concentrations. This leads to concern where there are other valu-
able mineral resources in the vicinity. 0il shale and asspciated.
sodium and aluminum-bearing minerals represent the major mineral -
resources in the basins whosé géographic location coincides with
the gas sands which underlay £he oll shales, which complicates
the problems of the potenfial gffect of this alternative on the

development of other mineral resources. This interrelation is
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particularly obvious in that the C-b lease site lies wholly in the
Rio Blanco.Unit Area;

Within the present state of technology, the effect of wide;
spread nuclear-explosive activity .in degp natural-gas sands on: the
shallower oil shale deposits remains uncertain. Fractures will
emanate from the cavity and under certain extreme conditions it is
possible that they could extend beyond the 300 tb 4QO.feet range.
Because of the difference in depth between the gas sands and the
oil shale in the Rio Blanco unit, &irect fractures from the chimmey
" would not reach the oil shale strata from below. Spalling caused
by strong tensional seismic waves reflected from the earth's sur-
face_will probably extend to-depths of 150 to. 200 feet, may extend
to depths as great as 500 fgef-in some parts of the Rio Bla&co
Unit, and could (but almost certainly would not) extend to a maxi-
mum credible depth of 850 feet. The overburden aBove the Mahogany
oil shale zone in the Rio Blanco unit fanges from 0 to about 1,400
feet. This implies that in full-field development spall could
fracture or otherwise weaken a part of the oil shale. Although a
detailed analysis is still underway by the Atomic Energy Commission,
the spalled zone for the Rio Blanco experiment can be described as
a re}at%yely shallow dish‘with a depth of less than 350 feet from
the‘spgﬁace and a radius of less than 24,000 feet. Since the over-
burden above the top of the oil shale at the detonation site was
épproximately 750 feet, AEC has concluded that no spall occured in
the oil shale deposit as the résplt of tﬁe Rio Blanco experiments.

As the lead agéncy for the Rio Blanco Gaé Stimulatioﬁ Proj-

ect, the AEC has made a detailed study of the Rio Blanco Phase I

test and concluded that this single set of explosives will have
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no severé.impact on the associated minerals. In a report pre-.
pared for AEC by Lawrence Livermore Laboratory the authors explain -
that, under an expanded program, there are local (proximity of
émplacement well) considerations for each well and that reevalua-
~tion will need to be made in each location for which nuclear
stimulation is proposed «(100). The Department of the Interior
has reviewed the technical issues involved and concluded that
underground mining of oil shalé may be incompatible with full-
field nuclear stimulation of gas—bearing formations in the Rio
Blanco unit of the Piéeance'Basin. Egch development would be
subject to a number of constraints and additional responsibili-
ties; For example, gas-producing wells which penetrate active or
inactive mining areas aliow the péssibility of gas entering the |
mine, By law, this potential for an underground gassy condition
requires "permissible" mining equipment, more monitoring devices
apd, in some cases, greater ventilating capacity. For additiomal
safety, by law, a 300 feet x 300 feet mine-pillar must be left
surrounding the well bore. 1In order to do this, the posiﬁion~of
the borelis determined by rather expensive precise directional
surveys on each level of the mine it penetrates. Pillars around
145 wélls would equal an area of about 300 acres on each level

of the mine. It should be ﬁéted, however, that the field devel-
opment proposed calls for either 320- or 640-acre spacing. Thus,
there would be only one or two large pillars required per sectién.
It is also significant that the type of ﬁining being considered |

necessitates leaving pillars for roof support in any case.
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If oil shale development is started after gas stimulation is
completed, sinking shafts through near-surface spall zones and
mining in the leached zone may encounter fractured rock due to
spall. Free-faces along walls of cavities in that part of the
leached zone not filled with wﬁter may be affected by seismic
waves, as well as the floor, roof, and wall areas of an undef-
ground mine.

If gas stimulation is started after oil shale development is
completed, drill penetration and sealing of the mined zones may
be a critical problem. For oil shale areas mined by the open-pit
method, the problem of drilling may be restricted to directionmal
holes from outside the distufbéd area or drilling costs may
increase because oflhaving to penetrate refilled pit areas.

Costs of dgsign, construction, well completion, mining and
monitoring would be greater than costs for these same functions
under normal conditions. Simultaneous development remains to be
proven as a practiéal method for_producing both the gas and shale

0il of the Piceance Crgek Basin.



4. Increased LNG Imports

. This alternative would require increased liquified natural . gas
(LNG) inputs.to replace the energy expected to be_availablé from 1
.million barreis per daf shale oil rate of production. Unlike oil,.the
importation of LNG, at present, is not subject to import quotas. The
only legal constraint upon increasiﬁg importation is the necessity of
obtaining FPC approval of any project. Before approving a project the
FPC solicits the advice qf the Départments of State and Defense.

Liquefied natural gasl/ (LNG) has been in commercial use since

1940. Because of the more than 600: 1 volume reduction caused by the
liquefactipn process, large volumes of natural gas in a liquefied'
form are easy to transport and to store. Until recently LNG has been
used by gas utility cbmpanies primarily for peak-shaving purposes and
has béen imported only in limited quantities. However, in March 1972
the FPC approved a 20 year project to import LNG‘from Algeria at the
rate of 42 million cubic feet per day. Pending applications could

increase LNG imports according to the schedule shown below :

LNG IMPORTSE/
Year Quantity MMCF/Day
1975 800
1980 : 5,500
1985 8,200

If oil shale is not developed, and the expected production replaced
by LNG, imports would have to increase in quantities approximating 6
billion cubic feet/day by 1985; an increase of about 70 percent over

that shown above for 1985. An increase in imports of this amount would

1/ Natural gas becomes liquid at 258°F at atmospheric pressure.

2/ Federal Power Commission, National Gas Supply and Demand, 1971-1990,
Staff Report No. 2, p.70
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require between 2 to 4 additional LNG tgnker shipments per day and an
equivalent increase in the size or number of the highly specilizedl
liquifaction and gasificétién plants now being proposed. While it
may be physiéally possible to increase LNG imports by 70 percent over
that projected, it is not know at this time if the economics of this
alternative relative to other competing energy sources is attractive
"enough to stimulate the investments required to make LNG imports a
viable alternatives to oil shale development.

a. Environmental Impacts

‘The alternative of increasing LNG imports could have an effect on
the environment in serveral different ways. These potential impacts
are analyzed below:

(1) Air Quality. - The use of LNG imports as a substitute for the
oil production expected from oil shale development through the replace-
ment of liquid fuel products by natural gas cquld lead to a cleaner
environment. Natural gés is by far the least polluting;of all fossil
fuels. The increased imports, however, would require additional ship
traffic to certéin ports, contributing to the airborné particulate
and combustion gas contaminétion in the port area. Transfer of the
LNG from thg'tanke: to the transportation system will result in sub-
stantial venting of hydrocarﬁons (primarily methane) to fhe air. This
vented natural gés woﬁl& contribute fo the totél atmosphéric hydrocar-
bon load, alfhough, it doe§ not represent the same potential thfeat .to
air quality that certain higher molecular weight hydrocarbons do. Con-
struction aﬁd opérétion-of receiving terminals and regasificatioﬁ'plants

and associated transmission systems would cause at least temporary

v-98



degrading of air quality at the construction sites and along pipe-
line rights-of-way.

2) Construction and Operation of Regasification Plants. -
The construction of regasification plants will cause a disruption
of the land and water resources.resulting frém the effects of addi-
tional drédging on the marine environment and from the preemption
of coastal lands neéessary to provide a site for the facilitieé.
The extent and duration of this impact will depehd on the size and
location of the plants. For.example,'a plant now being proposed- at
Cove Point, Md.,.would regasify 650 million cubic feet per day anﬁ
require 1,022 acres of land. Another plant proposed at Savannah,
Ga., would produce 335 million cubic feet per day and redﬁire 860
acres. LNG.as.an alternafive to shale oil could require the con-
struction of at least six lafge plants with the consequent commit-
ment of about 12,000 acres. During construction, there will be
some disruption of the land surrounding the plant.

A régasification plant also requires terminal facilities to
permit the transfer of LNG from tankers to storage areas. In the
Cove.Pbint c;sé, this could be accomplished by the construction of
é_l-mile-long pier. into the Chesapeake Bay. The proposed Savannah
River location would allow the. tankers close to the plant. Both |
of these proposals would require dredging, causing increased
turbidity of the water and disruption of bottom sediments. This
disruption should. be temporary.

The construction of regasification plants would also have an
impact on both land and marine animalé. During the constrﬁction

period, there will be some damage to the natural habitat of the
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land animals, However, this damage will be permanent only in

the area occupied by the plant. Any surrounding areas that are
damaged should return to a near-normal condition after construction
is completed. The dredging operation could also disrupt the

marine habitat, especially in the case éf bottom-dwelling organisms,
In most cases, this disruption would be temporary.

The choice of the plant site is an important factor in mini-
mizing fhe impact of scenic qualities and recreational activities.
An esthetically pleasing plant would réduce the disruption of
scenic views. The increase in ship traffic will inevitably have
an effept on water-oriented recreational activities; dependipg on
its location. |

The actual regasification process involves little environmental
risk. The Cove Point plant plans to use natural gas in the
regasification process and will avoid potential water and air
pollutants. The Savannah plant plans to use water drawn from the-
riﬁer to regasify the LNG. After going through the- vaporizers,
the temperature of the.water will be lowered about 5°F'and then
bé returned to the riv.er° Lower water temperature could actually
be beneficial by allowiﬁg the water to hold more oxygen, which
might counteract some upstream-caused pollution.

(3) Transportation., - After the LNG has been‘regésified, it
can be transported through any existing gas pipeline. Thus,
existing pipelines will be used if they are available. New pipe-

lines, however, will be required in some areas. .The potential
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environmental impaét of the new lines has been‘examined in Section
V—B—l of this Volume.

The chance of a major spill is a potential hazard associated
with increased LNG imports. A study conducted by the Bureau of
Mines has indicated that under certain conditions, there e#iSts
the possibility of small-scale expiosion resulting from a LNG
spill (120). They were‘qot able, however, to predict thé result
of a large-scale spill on open-water. Anothef study by Shell
Pipeline Corporation‘(lgl) concluded that there was no danger
of normal LNG exploding when spilled on watef since an explosion
would result only if the methane content of the ING is 40 percent
or leés. Normal metﬁane content is 80-90 percent and the boiling
réte is 0.2 percent - 0.3 éercent per day. With present day
shippping practices, a reduction to 40 percent would not be
possible. Further discussions with the Bureau of Mines researchers
indicated that an explosion resulting from a LNG spill in open
water is unlikely, The chief hazard from a spill would be
fire,

b. Summary

LNG as an alternative to the production of l-million barrels
per day of shale oil would require about a 6 billion cubic feet per
day increase over the 8.2 billion cubic feet per day LNG imports
currently forecast for 1985. The réplacement of natural gaé for
liquid products could lead to a positive benefit in air quality
shoﬂld this gas be used in metropolitan areas, but this benefit

would be partially offset by reduced air quality in the port areas
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as the conseduence of increased traffic and venting of hydrocarbons

during gas transfers. Some 2 to 4 additional LNG sﬁipments per

day would be required, ihﬁreasing the congestion of the ports and

the probability of accidents. Explosives down an LNG spill in-

open water is unlikely, but fires éouid result. Additional regasi-

"Ffication plants (6 or -more) will be required to procesé thelincreased

LNG imports, causing construction related impacts on land and marine

animals. Some 12,000 acres would need to be committed to these

facilities. The increase in shipping and facilities will adversely
affect water-oriented recreational activities, the extent being

dependent on the actual location.
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5. Coai

Thé-premise of tﬁis report is that as an alternative to-
shale 0il production, other energy resources would substitute or
supplement for one other on the basis of their physical state -
liquid, solid, or gas, Coal could be an alternative to liquid
shale o0il principally for electric pawer generation, However,
bécause of its pétential for coﬁversion to clean liquid and gas-
eous fuels, full consideration must be given to coal for other
uses also as an alternative to shale oili

The energy supplied by 1 million BPD (i.e., 365 million
barrels/yr; projected for 1985 production) of shale oil would be
equivélent to 95 million short tons/yr. of 11,000 Btu per pound
of coal. To replace the energy supplied.by the projected oil shale
development schedule in the period 1974-1985 would fequire a.total
of 482 million short tons of 11,000 Btu/lb coai. However, coal
production could be increased on a graduated scale; that is, in
1976, approximately 1 million short tons of coal would be réquired
to provide the enérgy projectea to be obtained from oil shalé;
‘whereas by 1985, 95 million shért tons of coal woul& be needed.

At present, a large surface coal mine may produce_S'million
'shqrt tons of coal per year: a large underground mine may producé
2 miilion short tons per year; In order for the Rocky Mountain
coal industry to produce the 95 million short tons of coal needed
by 1985, approximately 50. large undefground mines or 20 large
surface mines, or a combination of large and small underground

and surface mines would be necessary. Such mines could only

v-103



become operational after considerable study which .includes the
adequacy of clean coal reserves and water supplies, the determination
of market requirements, and capital availabilities for the construc-

tion of mines, utility plants and transportation facilities,

a. Coal Resources apd Reserves

The Nation's coal reservés are more than adequate to support an
accelerated schedule of develqpment. Coal is the Nation's most
abundant fossil fuel, representing 94 percent of "identified"
recoverable primary energy resources, as compared to 3 percent
each for natural gas (dry) and oil (including natural gas liquids)
59). | |

Coal underlies 458,600 square miles in 37 States.. 0f the re-
maining coal resources, estimated as of January 1, 1967, to total
more than 3,200 billion short tons, over 2,800 billion tons are at
depths of less than 3,000 feet, of which over 1,500 billion tons
have been identifiéd by mapping and exploration (59), with 1,600
billion tons estimated to be at less than 1,000 feet below the
surface @gp, About 390 billion short tons are commercially re-
coverable under present economic:conditions and mining technology
6. |

There is an abundant supply of low-sulfur bituminous coal and
sub-bituminous coal and lignife in the Rocky Mountain States that
could be used in power genération, coél gasification, and coal
liquefaction plants; the remaining resources in the fegion weré
estimated to be 874 billién shért tons as of January 1, 1967 N

(59, p.33), with 188 billion tons in beds usually 10 feet or more
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thick and less than 1;000'feet below the surface. The recoverable
resources afe about 94.billion tons to a depth of 1,000 feet and
440 billion short tons to a depth of 3,000 feet.

Approximately 47 billion tons of recoverable resources in the
Rocky Mountain -and Northern Great Plains provinces can be extracted
by surface mining, 26 billion short tons of which are so ﬁell known
as to character,'fhickness, and tonnage that they are considered as
reserves (62). Of 45 million tons of coal produced west of the
‘Mississippi River in 1970, 33 million tons were low-sulfur coal,

78 percent of which was mined by surface operations.

b. Coal Utilization

Currently, coal provides about 20 percent of the total U.S.
energy consumption, down very markédly from earlier years when it
provided most (78_percent in 1920) of the Nation's energy. Its
largest market is power generation which accounts for 61 percent
" of the total U.S. coal production of about 610 million short tons
in 1970. - Coal for coke production consumes about.18 percent and
the balance, exceediﬁg 100 million toné, is used for manufacturing,
general.commercial purposes, and space heating - markets that have
been declining steadily in recent years. |

Many important technologic, economic, and social factors will
influence coai's future capabilities. Among these are the adequacy
of mining capacity, new additionsrto which have been discouraged
by uncertainties as to the'timing and extént'of increased nuclear

power generation and of utility commitments thereto; oil imports;
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and envirommental problems, inecluding air and water pollution, land
reclamation, and uncertainties as to legislative curtailments of
strip mining. Other important considerations include more stringent
health and séfety regulations that have resulted in a reduction in
the number of underground mines, a loés in mine productivity, in-
creased costs at underground mines in order to provide an acceptable
working environment; and increases.in the number and production of
surface mines, In additionm, ﬁechanization in mining already has
reached such high levels (97 percent of underground production
mecﬁanically loaded in 1970, 40.5 percent of total production mined
by stripping, and 3.3 percent by auger mining)_fhat further major
advanceé in mechanization are ﬁniikely.

All of these factors point.to fhe challenges for research on,
and the development of, new and improved technologies in both under-
groun& and surface mining. New technologies, and their timing, will
both affect and be affected by the extent to which long-term con-
tracfs are made for coal for electric power generation and other
uses; by the effect of envirommental restrictions on the development
of additional productive capacity for deep-mined low sﬁlfur and
other coals, and in the development, or the extent of participation,
of surface-mined coals in meeting increasing energy requirements;
and by'tﬁe need for improved efficiencies in sulfur removal by stack
emission processes to permit the use of high sulfur coals, and for
coals to be used in conversion to gas an&.liquid fuels,

The iarge cdal resources of the Nation,.if inferchangeable for

other energy source forms, are adequate to provide the energy needed
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if the oil shale lease program is not undertaken., Many very thick
and closely spaced beds of lignite and sub-bituminous coal, con-
taining about one-half of the remaining coal resources in the West,
underlie'the northern part of the Great Plains. About two-thirds
of this coal is on public lands managed by the Federal Governﬁent.
The coal generally has a low ash fusion temperature, a low sulfur
content, a relatively low heating value, and high volatile mattef
content, These characteristics suggest that this coal would be
_adaptable for power generation, gasification, and liquefaétion,
particularly that which is strip~mined at low cost., The degree of
théir.substitutability in solid or synthetic product form could ﬁé

a controlling factor.

'c. Northern Grgat Plains Resource Program

Recognizing the potential for coal and,its‘obligation as the
Nation's natural resources agency, the Department of the Interior
announced on October 3, 1972, the Northern Great Plains Resource
‘Prbgram (NGPRP). The Northern Great Plains, an area ﬁhich consists
of large segments of Montana, Wyoming, North Dakota, South Dakota,
and Nebraska, has been the focus of increasing attention because
the area is a potential source for vast amounts of relatively law'
sulfur coal (Figure V-2). The possibility of large scale develof-
ment of the coal reserves has, at the same time, heightened regional
éoncerﬁ for effective land use and resource planning, including
'such issues as environmental quality, ﬁined area reclamation, com-

petition for scarce water resources, development of other mineral -
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resources, and potential effects on the people and economies of the
Northern_Great Plains States.

The NGPRP is not an alternative to oil shale development, as
such, since the proposed program is solely designed to examine the
possible consequences of alternative development strategies of the
resources of the region, including, but not limited to, coal. The
purpose of the program is not to recommend acFions or make decisions

- but rather to display the facts and the implications of various
.alternative strategies upon the social, economic, and envirommental
future of the area. However, implementations of one or more of the
alternative development strategies could be an alternative to oil
shalé'development. If one of these developments should Be coal, the
environmental impacts wouid be those described in section d. (begin-
ning on page V-112). ‘

The local, State and Federal Governments which make land use
and resource planning decisions affecting the Northern Greét Plains
area face competing economic, social, and environmental alternatives.
The Federal Government continues to make decisions.regarding leasing
échedules_for coal resources on public and Indian lands, regulations
for aifjand water quality, and development of water projects. Con-—
gress is considefing several measures related to surface mining. The
States also are concerned wi;h resource development; many have
.considered or taken legislative action related to surface mining and
have prgpafed State Implementation Plans for.air quality under the
Clean Air Act. Local governments promulgate zoning and land use

plans, and provide for essential public services. Regional Com-—
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missions  for economic development and water supplies share similar
Eoncerns and responsibilities. Ibcal, State, regional, and National
.interests are not well-coordinated at this time..

The;e factors have led the five States, the 0ld West Regional
Commission, aﬁd several Federal agencies to cooperatively initiate
the Northern Great Plains Resource Program-(NGPRP). The following
sets forth the objectives of the program,

The primary objective of the NGPRP is to.provide an analytical
and informational framework for policy and_planning decisions at all
levels of government, The end result is intended to be a decisién-
making tool for Federal, State,and local interests who together must
plan and manage the area's land and natural resources,

The principal issue concerns the development, or nondevelopment,
of land resources within the Powder River and Fort Union areas.
Particular emphasis is placed on coal resources, The program will
provide data and analytical methodology, iﬁcluding the development
of appiopriate models, to demonstrate the economic, social and en-
vitonmental consequences of various courses of action., The program
will present both quantifiable and noﬁquantifiable implications of |
alternative land and reéource uses, The final report will not
recommend a particular development plan for the regioﬁ, rather, it
will provide adequate ihforma;ion on the balancing of values and
net benefité of alternatiyg plans to guide development of a coordi-
nated Federal-State plan.

The secoﬁd objectiﬁe is to encourage the organization of ad hoc

institutional entities that will bring together all facets--local,
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State, and Federal--concerned with collection and interpretatibn of
information which will affect the future development and quality of
the region, It is anticipated that this will lead toward a coordi-
nated planning program for the entire région° The organization would
draw from existing State-~Federal mechanisms for socio-~economic
planning in the region, such as State planning groups, Title V
Commission, and appropriate River Basin Commissions. Policy and
decision-making authority must bé retained by established agencies,
organizations, and the State énd local entities, The NGPRP will
contribute in every possible way to enéourage.this coordination,

A third objective is provision of a coordinating link between-
data collection, research, pléﬁhing and operational resource manage-
ment activities that exiét ﬁithin many different organizations.

Such a link should assure rapid intefchange of technology and
methodology between individual progréms associated with the NGPRP.

The study envisions that the development of coal or other
minerals will be considered in relation to impact on the local
economy, as well as impact on the esthetic and cultural values of
the region, and relation to the National energy situation. Like-
wise, in considering.energy development cases, analyses of air
quality, for examplé, will include implications of electrical
generation in.distant urban areas aé opposed to generation in the
study areé, as well as the relative effects of each on local air
quality, These two examples are meaﬁt to illustrate the wide range

of cbncerns within the NGPRP.
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The NGPRP will consist of a series of investigations and studies
dealing with a common theme, rather than a single area of concern,
The over=all study will be time-phased and, althoughla gomprehensive
final summary report will be issued, study results will be reported
as they are completed. The NGPRP as a resource study can lead to
stimulation of the production of coal from the study region. If the
coal is developed, it can possibly be an alternative to oil shale
development. The environmental impacts of coal development would be

.those described later in this report,

d., Environmental Impacts of Coal Utilization

The exﬁanded use of coal power generation could be a viable
élternative to the use of ‘less abundént fossil fuels (oil apd gas).
Major limiting coﬁsiderations are those associated with the extent‘
to which it can substitute for other energy sources, including the
convertibility of equipment where displacement would be involved,
and the solving of problems associated with the meeting of air
quality standards. The latter would be of minor significance in
the West where mﬁst coals are of low sulfﬁr content,

The sulfuf cdntent of U.S. coalsﬁranges from 0.5 to over 7
percent, Aboutl65.bercent-contain 1.0 percent or less, mosf of
which are foundlin the Western States, far removed from the area
of the current major demand-ahd use (the Midwest and the East),

Most current production is in States east of the Mississippi
River, where only 20 percent of the reserves (inciudiﬁg 100 billion

tons of bituminous coal) contain 1.0 percent or less sulfur, while
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43 percent contain more than 3,0 percent sulfur. Sulfur oxides are
emitted to the atmosphere in direct proportion to the sulfur content
of the coal feedstock. The effects of SO on plants; animals, and
humans are documented in Vol. I, Chapter III, Section C,

Recent environmental regulations applicable to neﬁ electric
generating facilities restrict the emission of sulfur dioxide7£6
1.2 pounds per million Btu of fuel as fired: for bituminous coal,
this is equivalent to about 0.7 percent sulfur, It is necessary,
therefore, to reduce the sulfur content of the coal prior to. burning
or to remove sulfur oxides from.stack gases following combustion in
order that coal may continue to be used for power generation in most
areas,

Mechanical cleaning of raw coal is only a partial solution to

.

the problem, since only a-small fraction of American coals can be
cleaned sufficiently to meet sulfur standards, Mechanical cleaning

affects only pyritic sulfur and leaves untouched the 40 to 60 percent

of the sulfur that is bound in the organic structure of the coal,

In addition, freeing the small particles in which pyrites occur re-
quires fine grinding prior to cleaning, which in turn adversely
affects the cleaning efficiency and restricts the methods of cleaning
that can be applied. Tests of some 322 coais representing most of
the steam coais produced in eastern United States sﬁowéd that, under
optimum conditions and-presgnt technology, less than 20 percent of

these coals could be cleaned to 0.7 percent sulfur prior to combus-

"tion (Bureau of Mines).
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The stafus of technology for abafement and control_of-sulfur
oxides in combustion gas was recently reviewed by the National Academy
of Engineers, National Research Council, whose'rééorf (63) concluded
that in early 1970 "...commercially proven technology for control of
éulfur oxides from combustion processes does not exist.” A nuﬁbef
of systems are either being installed or operated at the present
time on commercial plants, however, to determine the operational and
economic feasibilities of the processes (63).

Coal, especially high-sulfur coal, is available in-large quanti-
ties in close proximity to consuming markets, and many existing power
.plantg can burn only coal. New coal burning plants could be built if
air'quaiity standards can be ﬁet. Process economics for coal desul-
furization presently are marginal, and optimistic assessments of
economics of stack emission controls in some cases are based on a
substantial credit for sale of byproduct sulfur, but the supply of
sulfur has exceeded demand recently, and substantial additiomal pro-
.duction of elemental sulfur could cause further disruption of the
domestic sqlfur industry,

President Nixon in his June 4, 1971, message to the Congress
-on Clean Energy emphasized the need for a greatly expanded effort
on sulfur oxide control téchnolbgy. Federal fundiﬁg is being
directed to demonstrate various téchniques during the next several

years,
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e. Environmental Impacts of Underground Mining

| -The coal in the Rocky Mountain States that. is too deeply buried
to be extracted by surface mining could.be recovered by underground
: ﬁining, but at higher production costs. If the oil shale_leasing
-progfam_is not initiated and if the Western States should have to
produce an equivalent amoqnf of energy from coal (490,000,000 short .
tons for the period 1974-1985), the preponderance of requirements
could come from low-sulfur surface mines. Also, surface mining
could be supplemented by . underground mines with low-sulfur coal
although manpower requirements and cépital expenditures would be

- substantially larger. If all the coal were to come from underground
mines, manpower would total about 25,000 employees.and capitél ex~

- penditures would_approximafe $1.2 billion (34).

Social costs in terms of health aﬁd safety of mine employees
mist be considered along with capital expenditures and environmental
costs of underground coal mining. A totai of 149 men were killed in
1971 in underground coal mining operations -- a fatal injury fre-
quency rate of 0,84'per.million manhours or 0,54 per million tons
of production. Enforcement of existing miﬁe safety laws and the
introduction’ of new technology should reduce the fatality rate in
the future., Theoretically, no more than about 260 additional
fatalities could be eﬁpected during the 1l2-year period from 1974~
1985 if only underground mines were developed to supply the same
ramount of energy as,expecte& from shale oil.

Subsidence of the groqnd_surfaée is common above many abandoned‘

and sdmg active coal mines, The amount of subsidence is related to

¥
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the mining method employed, the amount of coal removed, the thicknéss
and depth of the coal bed or beds and the compositioﬁ-and strength of
the rock strata overlying the coai° "Subsidence of large areas commonly
destroys man-made structures. It also disrupts the ground-water
hydrology, and surface and subsurface water recharge° It may interQ
cept or shorf-circuit both surface and subsurface water moving across .
or through the area that has subsided, Subsidence may increase ver-
tical permeability so that recharge from the surface is increased.
Subsidence also may provide increased communication between aquifers.
it also, in some localities, causes land slides and minor earthduakes.
If a room-ahd-pillar mining system is usgd; the most successful
method-for alleviating surface subsidence problems is to plan the
mining so that more pillars-are left untouched. Unfortunately, this
procedure results in less coal recovery, and some subsidence is almost
certain to occur, The best solution to achieve as éomplete a recovery
Qf coal as possible during mining is to allow controlled subsidénce
to the point of natural stabiliz;tion which will permit use of land
.surfaces. Longwall ﬁining systems, which can achieve from 90-95
percent recoverj; are widely used in Europe where methods have been
developed for controlled subsidence with little environmental damage.
Ground and surface waters entering active underground mine
workings are normally pumped to the surface for disposal. Because
of the low-sulfur content of most Rocky Mountain coals, it is un-
certain whether acid-mine wéter would be a problem in areas of large-

scale mining and above average precipitation., Acid-mine water may
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drain from abandoned mines and workings for long periods, resulting
in a significaﬁt cumlative effect. Acid drainage may be prevented
by locating mine entries at elevations above the prevailing drainage
level, by sealing abandoned mine entries, aﬁd by emplacing dams at
critical points in abandoned underground entries and haulageways.

In most coal producing areas, mining and processing wasfes con-
tribute large volﬁmes of sediment to nearby streams and are sources
,of air pollution. The most commonly used technique of preventing
Widespread scattering of mining and processing wastes is to compact
the waste in layers, followed by sealing With incombustible soil,
after which vegetation is established to help prevent infiltration
of surface and to minimize erosion (64).

An alternative fo'surface disposal of mine and coal processing
waste is to return it to abandoned underground mine workings. For
example, this is currently being done to control surface subsidence
in mined areas in compliance with restoration provisions of the
Appalachian Regional Development Act of 1965, as amended (65, p. 24).
| Many operations associatéd with underground mining such as
mine~access roads, coal handling, and_processing, cause dust problems.
Road dust can be mihimized'by hard surfacing or by oiling or chemicél
treatméﬁt of the.road sﬁffaée. Dust from coal handling and proces-
sing is abated by spray treatment at transfer points and by enclosing
coal~handling andlprocessing séructures. Dusting problems in live
coal-storagé piles can be réduced by waﬁer sprays or.oiling; dead

storage piles can be sealed with asphaltic or chemical materials.
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Additionql environmental impacts from underground mining opera~
tions, particularly after mine closure, include creation 6f waste
disposal areas, unsealed abandoned mine openings, and abandoned mine
buildings and structures. These impacts require measures to mitigate
their undesirable effects.

Othér environmental impacts include those associated With
drilling, blasting, alteration of ground water hydrology, product
érocessing, liquid effluent discharges, and accidents to humans.

The following environmental effects of underground mining are
generally more severe than those associated with surface mining
because the underground mines are generally deeper:.extensive and
severe-élteration of ground-watér hydrology, the necessity of well
drilling.and fluid removal,-the techniques of product processing

and resultant waste, liquid effluent discharges, and most accidents.

f. Environmental Impacts of Surface Mining

Near-surface coal (0 to 200 feet) generally can be extracted
by surface mining., This method involves the removal of the top
soil and rpck (overburden) to eprse the coal bed, removal of the
cbal, reélaceﬁent of the spoil material and, in some instances,
rép}écement of the top soil. Usually this is accémplished by work-
- ing in large parallel trenches using the overburden of the second
trenéh{ or cut, to fill the first trench.

In 1929, surface coal production amounted to 3 percent of the
total United States pr@duction 66,.p. 9). iﬁ 1969, however,

surface mining accounted for approximately 200 million short tons
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or 35.2 percent of the 560 million-shorf tons of totgl U. S.
broduction (67, p.309). The amount of surface-mined coal for the
year 1971 increésed to 50 percent of total U,S. -production.

The preceding illustrates the slow growth of surface mining
from 1929 to 1969 and a spurt in production from 1969 to 1971. The
principal reasons for this growth are; (1) full production can be
reached quickly; (2) the coal can be mined more cheaply; and (3)
surface mining is much safer than underground mining,

Social costs in terms of the health gnd_safety of mine employees
are an important componentlof all mining operations. A tofal of 25
men were killed in 1971 in surface coal mining operations. On the
basis of the 1971 fatal injury frequency rate of 0.09 per million -
short toﬁs of production cbﬁtinuihg until 1985, approximately 44
additional fatalities could be expected dﬁring the period from 1974-
1985 at surface mines developed to supply the same amount of energy
as expected from shale oil.

The use of coal aslan alfernative energy source, if the oil
shale leasing program is not initiated, would result in the need for:
additional mining of about 480 million short tons of coai over the
period from 1974-1985. If the peak production of 95 million short
tons of coal production should be furnished totally by surface mines,
20 mines of 5 million short tons annual capacity each would be the
minimum number of operations néeded. Currently, a mine of this
magnitude employs 610 persoﬁnel with a capital éxpenditure of about
$40,000,000, Therefore, - for surface mines to supply the 95 million

tons of coal needed annually by 1985, 12,200 employees would be
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supplies, and water quality, all of which would locally limit the
enjoyment of hunting, fishing, and allied leisure time activities in
addition to affecting s@enic vistas and open spaces. Furthermore,
nearby agricultural, residentiél, commercial and industrial activities
could be impacted by environmental effects that were propagated
beyond the area of mining, for exémple, stack emissions, dust, noise.
However, reclamation of the area would restore its long-run producti-
vity, |

Production of 482 million tons of coal over the 1l2-year period
reqﬁires the handling and placement of 25 million tons of waste
material, This material can generally be placed back in the pits
from which the ‘coal was removed. Ultimatglf, the mine pits would be
| backfilled, the spoil banké-t§pped off or leveled, the highwalls
backsloped, the top soil replaced, and the area reseeded,

Other short-term problems feléted to surface coal mining are
development of acid mine water in the open pits, in spoil piles, and
-iﬁ mine processing waste; erosion of silt from the pits, processing
waste and spoil piles; and blowing of dust from the pits, sboil piles,
truck haulage roads, railroad cars, mine processing plant, and
processinguﬁaste piiesb These problems. .adversely affect whter and
air quélity;

In comparison.with underground mining, surface mininé is thg
source of greater volumes of ﬁoise.and vibrations from blasting,
drilling, heavy mining equipment, trucks, and landslides. Modifi-
cation of the habitat, alteration of ground cover, alteration of

drainage systems, destruction of land forms, and siltation of nearby
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‘streams are also more pronounced in surface mining. Landslides are
more common, and subsidence does not occur unless the -area has-been
underground mined. Also, there is a major conflict with timber,

grazing, wildlife, and other resource use,

g. Waste Disposal

Large volumes of waste are generated during cdai mining and
processing. The volume of mine waste depends on the type and
charactéristiés of top and bottom strata, the continuity of a coal
bed, the existence of fault zones, and the tonnage of roqk that must
‘be mined. The type and volume of waste discarded during coaI.proces-
éing depends upon the specifiéations for which the coal is being
prepared, characteristics and amounts of impurities in the‘cdal
bed being mined, and the efficiency and type of coal processing
equipment,

Uncontrolled disposal of coal mining and processing waétes,
especially those containing coal dust and trace amounts of sulfur,
constitute a source of land, watef, and air pollutants. Water
flowing over waste disposal-areas éommonly transports silt and
leached mine;als to adjacent land and‘surface water_drainage areas.
The cumulétive effect of this leaching can‘be severe, In ad&ition,
dust-gize particles'commonly are transported by winds té.céntaminaté
adjacent land and water resources. Both the leaching and dust
problems give 1ong-term undesirable effects. If a waste pile con-
taining sulfides apd large amounts of carbon spontaneously ignites;

noxious gases enter the atmosphere which are hazardous to plants,

animals, and humans (69).
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Waste disposal areas require a commitment of land resources,
Furthermore, if poorly consfructed and uncontrolled, these waste
areas‘present an unattractive appearance to viewers. Slides and
slump failures commonly occur where waste is deposited on slopes
and where an improper combination of moisture and clay minerals in
the topsoil or in the waste act as lubricants., In such unsfable
conditions, large quantities of waste can move downslope and deposit
on land and in water resources, ;SIides also are safety haza;ds to
people and animals,

| If fine coal cleaning is included in the preparation processes
for Rocky Mountain coals, the discarded fine waste would probably be
depositéd in slurry impoundmenté whe;e'the water would either be
decanted for recycling to the preparation plant or allowed to evapor-~
ate, Poorly designgd impoundment dikes can permit seepage of
retained water to enter downslope surface water ‘drainage areas an&
degrade their water quality. Also, such impoundments are subject to
failure which couid lead to floods gnd/or landslides, Ih addition,
construction of impoundments on un&erlying perViouB bedrock commonly "
results in infiltration of mineralized ﬁater to the ground water -
table or.in-percolation of such water through the base of dikes to
enter ddwﬁstream,sﬁrface water drainage systems whefe these types

of leakage commonly affect aquatic plant and animal life.

~h. Coal Transporation

It is assumed that the total quantity of mined coal supplied
over the period 1974-1985 could not be adequately handled by today's .

transportation network at a reasonable cost; therefore, all new
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power, gasification,-and:liquefaction plants-would-bé situated at,
or near, the actual mine locations, thereby having_nominal effect
upon existing transporation systems. Therefore, the optipns-afe
either to greatly expand the transportatioﬁ network or to transport
the energy derived from the coal by locating gasification, lique-
faction, or electrical generating plants near the mine loﬁgtion.
The end product of the above plants (synthetic gas, synthetic oil,
and electricity) could be more readily transported to the market
‘areas by transmission lines and existing, or new, underground pipe-
lines. Surface or underground transmission lines and pipelines
should cause fewer environmental impacts.than increésing the ﬁileage
of highways or rail routes and building the large number of highway
trucks and hopper caré neéessary to move this vast quantity of low
sulfur fuel.

Four-systems of transporting coal per se, as distinguished
from the transmission of coal-generated electric-power, would be
available in the Rocky Mountain States for moving coal from a mine
,to a point of utilization. These sysfems are trucks, railroads,
conveyors, and coal slurry pipelines, Water.transportation is not
considered because of the lack of navigable waterwajs in the
western coal.region._ Each system has advantages that would make
it economically attractive for transporting coal to a point of
utilization, Selection of a system would be strongly influenced
by the distance to a utiliéation plant,

The major adverse envirommental impacts of alternative trans-

portation systems are air and noise pollution, safety, the amount

~of land required for rights-of-way, trash disposal, and aesthetics,
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Air pollution sources are exhaust emissions, road dust, and
coal dust.erhe level of adverse exhaust emissions can be reduced
through efficient engine maintenance; road dust can be reduced
by haul-road surface treatment such as hard éurfacing, oiling, or
anplying water-chemical solutions; and coal dust can be reduced by
truck covers and spraying. Although mufflers can réduce the level:
of noise pollution; truck haulage, because of the large number of
noise sources and frequent trips, is commonly recognized as the
noisiest system of transportation.

Collisions between trucks, other vehicles, persono,and animals
can occur but do'not normally constitute a serious public hazérd
becauso haulage roads generally are confined to mine proporty.'

Secondary énvitonmentai impacts from truck transportation arise
from improper disposal of tires, expendeo oil, and used parts. These
items can be disposed.of in open cuts of surface mines and then
buried with reclaimed spoil and revegetated. In addition, special
disposal pits can be excavated at underground mining.operations'
where these items can be buried and the area revegetated, Depending
on economics of the particular mining operation, a reasonable
alternative would_bento recycle these items,-

Rail transportation systems using:dieselllocomotives are
sources of air and noise pollutants from engine exhaust systems., -
Effective maintenance of engine combustion systems and efficient
mifflers can reduce the air and noise pollution levels from these
.systems, Coal dust lost in transit-can be reduced by using partially

covered hoppers or by drilling the coal during loading. Dusting
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during loading and unloading cae-be reduced with-a combination of
dust suppression spreys and enclosed chutes or bins,

The right~of-way for a railroad constitufes a permanent com-
mitment of the land surface to this use, makieg it ueavailable for
other uses, Free travel of ﬁehicles, people, and animals across
the committed area is restricted; however, the potential for
collisions with trains exists. |

‘In the open or scenic areas of the Rocky Mountain States,
railroad rights-of-way may be considered as aesthetic intrusions,
especially if large trestles, overpasses, or cut and fill areas
are required. Cut-and-fill areas can be constructed with gentle
slqpes and revégetated, and areas can be reclaimed as mentioned
in conjunction with.truck-tfansportation systems, The visual im-
pact'of trestles, overpasses, and other aﬁpurtenant structufes can
be minimized with effective combinations of eye-pleasing designs
and unobtrusive colors,

Conveyor system installations 1ikewise constitute a permanent
commitment of the land surface and restrict free movement of
vehicles, people, and animals. The right-of-way width is less than
that required for truck or raiifoad transportation systems. |
Uncovered or partly.covered-convefors allow loss of dust in transit
because of ekposure to winds._ Uncovered transfer foints_also are
a potential source of dust when suppression devices are.not pro-
vided. Open, or partly covered conveyors, constitute a safety
hazard to persons or animals when a support structure is installed

close to the ground. Conveyor systems can be fenced or completely
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enclosed to eliminate &ustiﬁgrand safety hazards-go humans and
animals. |

Conveyor support structures, either frame or suspension type,
as well as the conveyors, are obvious visual 1ntfusions, especially
at points where the conveyor crosses deep drainage systems. Color
treatment of support structures, enclosures, and transfer struc-
tures wéuld lessen but not eliminate this impéct. |

The principal impacts of coal slurry pipeline.systems are the
permanent commitment of land, providing an adequate water supply,
and water disposal. Large quantities of water, at the rate of 1
~ ton of water per ton of coal, are required to transport coal in the
Black Mesa, Arizona, pipeline (70, 149). 1In Qater.deficient areas
this method may not be an efficient transportation alternative,
particula;iy where the water muét be supplied by deep wells which,
wheh pumped, could have a drawdown effect on shallower wells that
supply people or iivestock. Additionally, water disposal problems
at the terminus of a pipeline could have severe impact 6n water
quality if not properly contained or when it is not economically |
feasible to recycle the water for transportation purposes. Coal
slurry destined for power, gasification, or liquefaction plants
could be dewatered, the "spent"” water used for cooling toWer.
makeup, ésh handling, and/or evaﬁorated in disposal ponds. The
Mohave generating station in Nevada is utilizing water from the
Black Mesa Pipeline.in-this manner,.includiﬁg'a water monitoring
_program.

The disposal of solids and water removed from sections of a

plugged pipeline could cause environmental impacts. Holding ponds
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equal in capacity to the upstream pipeline, could be provided at
pumping stations and at the coal slurry preparation plant for dis-
posal of removed plugs. The water could be evaporated and the coal
could be left in the impoundment unless provisions are made for re-
covery. Coﬁpaction-and sealing would prevent spoﬁtaneous ignition,
erosion, and accompanying siltation of the coal left in impoundments.
The surface of the impoundment can then be revegetated with indigenous

plants to inhibit erosion,

i, Coal Conversion

Through several different processes, it is possible to convert
coal to vérious liquid andrgaseous forms as a substitute for natural
petroleum and gas., One form may be as a low Btu gas suitable for
power boiler utilization for production of electrical energy.

Another more sophisticated gasification process could produce a
high Btu gas suitable for direct distribution ahd use through existing
pipelines (71-72).

While no coal-to-pipeline gas process has yet reached the com-
mercial stage in- the United Sfates, several companies are studying
commercial application of a variety of gasification processes, some
of which have beeh'known-for seve;él yearé. For example, the Lufgi
fixed bed procéés has found commercial use in India, Australia,
Ggrmany, South Afripa, Russia; and the United Kingdom for many years,
énd a commercial_size plant is under conétruction in New Mexico.

The feasibility of using such processes as an alternative to

shale oil depends upon the rate ‘at which technological systems are
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developed, tested, and proven to be ecoﬁomically viable-and“cémmer-
cial scale plants could be built. Any comﬁercial gasification plant
system would have to produce about 6 billion ft3/day of 1,000 Btu/ft3
gas to be equivaleﬁt in energy potential to 1 million barrels/day of
shale oil. Many of the individual units for a commercial gasification
process have been tested;showever, synthetic gas has not yet been
economically proved. Under curfent conditions, the.National Petro-~
leum Council (NPC) has estimated that approximately\l trillion ft3
per year of gas from coal will be available by 1985 (81, v. I,
p.9,13). Under accelerated conditionms, ;ﬁe NPC estimates that this
could be inéreased to a maximum of 3 trillion ft3 per year (8l, v. I,

P.9,54). The difference, 2 triliion ft3

per year, represents about
5.5 trillion Btu's per day. Since the energy availabie from 1 million
barrels per day of shale oil production is 5,8 trillion Btu/day,
acceleration of coal gasification can be considered an alternative to
oil shale development, |

The production of 2 trillion ft3 of synthetic gas per year
would require approximately 22 plants that each produce 250 million
££3 per day. The coal mining capacity (strip) that would need to be
developed to support this oﬁtpué'would approiimate 150 million toms
per year. Thé envifonmental‘impécts of coal mining have been
-described in the previous section; the potential impact from the
plants themselves are considered Separateiy below.

(1) Coal-to-Gas Processes,=- Tﬁese processes are currently at

. different levels of development ranging from the operation of

smaller process development units to obtain basic design data,
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the construction of prototype plants,_the operation of prbtotype

plants, and the furthgr dévelopment of specific process steps to

allow the two existing commercial coal gasification systems (Lurgi-

and Koppers-Totzek) to be adapted for synthetic natural gas production.
- Table V;A summarizes the status of these coal gasification pro-

cesses, wa of the processes are currently at the stage where proto-

type plants are.in operation (IGT's HYGAS (126) and Consol's CO9

Acceptor (127) and two others fU.S. Bureau of Mines Synthane (1g§)

and BCR's Bi-Gas (13217 will be on stream by (1974).

Of the plahts now in the prototype stage, all except the Consol
002 Acceptor invoive the followiﬁg basic steps:

1. The gasifier or gasifiér-hydrogasifier where the coal is
converted into a gaseous mixture of hydrogen, carbon monoxide,
carbon dioxide, water, methane, ethene, and small quantities of sulfur
compounds,

2. The shift reactor where the hydrogen to carbon monoxide
ratio is shifted to 3 parts .of hydrogen to 1 part of carbon monoxide.

3., The purification step where éhe impurities such as sulfur
compounds and carbon dioxide are removed,

4; The methanation steﬁ (lgg)hwhere the hydfqgen and éarbon
monoxide is converted to methane. The Consol COy Acceptor gasifies
lignite using the heat generated by reacting carbon dioxide with
calcined dolomite rather thgn heat generated by reacting coal or
char with oxygen. This allows fhe elimination of an oxygen plant
but requifes.an increase in plant complexity and reduces the gasifi-
‘cation temperature so that only the most reactive coals such as
lignites can be used, |
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9.

Table V-4 - Coal Gasification Processes

Process
HYGAS

CSG (CO Acceptor)

Synthane
BI-GAS
Hydrane

Fixed Bed

‘Fixed Bed

Atgas

Kellogg Molten
Salt

Prototype

Laboratory ~ Sponsor . g;::;tion
I.G.T. 0.C.R.-AGA 1571
Consolidation : 0.C.R.~AGA | 1972
Coal Company
BﬁMines BuMines 1974
B.C.R. 0.C.R.-AGA . 1974
BuMines BuMines **.
BuMines BuMiﬁes *F
~ LURGI El Paso Gas Co 1976
Applied Tech- AGA-0.C.R. Hok
nology Corpora- ‘
tion
Rellogg Kellogg~0.C.R, *k

* Commercial operation,
*% Date for prototype plant not yet declded
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Though in a broad sense the processing stepé are similar, theére
is a considerable difference in gasifier designs, methods of pretreat-.
ment, and the methanation processes being used,

Other processes are at the stage where design data for prototype
plénts are being generated in smaller process development units. |
These processes are the U.S. Bureau of Mines Hydréné Process (131),
the Kellogg Molten Salt Process (132), and Applied Technology's
Atgas Process (133). These processes are different from the processes
now at the prototype stagé in the following respects:

The Atgas Process gasifies raw coal with steam and oxygen,'but
the gasification is carried out in a molten iron bath with the
addition of a iimestone flux, The process is carried out at atmos-
pheric pressure, and the 1iﬁestone flux completely removes sulfur,

In addition, raw-caking coals can be used without agglomeration.
Disadvantages of this process are the low production df methane
directly from coal, which means most of the methane must be produced
indirectly by methanation and the compression required to inﬁroduce
the product.gas into transmission lines.

The Kellogg Process also gasifies coal with steam and oxygen
but does it in a molten salt bath at transmission line pressure.
Advantages claimed for this‘process are that the catalytic effeét of the
salt can lower gasification temperatures from 1900 to 1700° F and
raw caking coals can be used wifhéut agglomeration., The prime dis-
advantage is a corrosion pfdblem from the molten salt. In addition,
the amount of methane that can be formed directly from the coal has

not been established.
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The Hydrane_Progess is unique in that it forms almost- all
. (95 percent) of the total methane production by the direct reaction
of coal with hydrogen and thus requires minimal methanation.. In
addition, the design of a special. reactor system allows the utiliza-
tion of even the_mbst highly caking coals without pretreatment.

‘The elimination of coal pretreatment and the production of methane.
directly from the coal rather than by indirect methanation are
responsible for the high thermal efficiency and low gas cost esti-
mated (134) for the ﬁydrane Process.

The Iurgi gasification system (135) (Item.7 - Table V-4) is the
only high pressure gasifier now available commercially., Several
companies including El Péso Gas Company are planning on constructing
full-scale commercial planté (250 million cubic feet per day) using
the Lurgi gasifiers plus commercial shift units and purification
units. Their area of research is on the methanation step as there
aré no commercial methanation units which can operate on coal gasi-
fication gases,

At the present rate of devélopment, a full-scale commefcial
plant could be operating by 1976 based on the Lurgi gasifier and
by 1978 based on the other fesearch which is proceeding through the
prototype plant stage,

There is_also a low pressure gasifier ; the Koppers-Totzek
entrained gasifier ~ that is commercialiy available. Disadvaﬁtages
of the Kpppers—Totzeklfare ﬁhat_it operates at atmospheric pressure,
broduces no methane directly, and requires (relative to the Iumrgi

and fluidized bed gasifiers being developed) a rather high -oxygen

1/ U.S. Licensee is the Koppers Co., Pittsburgh, Pa,
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consumption. _HoweVer; unlike the Lurgi, it can handle coal fines
and agglomerating coal, |

In addition to the above processes which produce SNG as the
primary product, there are two pyrolysis pfoceSses in which SNG is
a bypreduct.. One, the FMC COGAS Process (lgg) is based on the
gasification of thé,char produced by the COED multistage p§r01ysis
process (136). The other pyrolysis process is one being developed
by the Garrett Corporation (137), in which pyrolyéis is carried out
by recirculation of hot char in an entrained reactor system, |
However, in the Garrett Process the main products are the coal
liquids and the yield of.pipeline gas is réiatively small,

There is at present much iﬁtérest in the development of processes
to convert coal to a low-Btu gas which could be used in a combined
cycle power plant. The development of such a scheme would offer the
advantages of allowing the utilization of sulfur containing coals
énd of providing a clean gas which would aliow the use of more
effiéient power cycles, Thé'usual cycle wil} consist of a steam
and air gasifier to convert the coal to a gas having a heating
v#lue of about 160 Btu/scf. 1In this gas, the sulfur will be in’
the form.of HpS for which scrubbing téchnology is available. The
cleaned gas can then be burned in a turbine t0pping cycle,and after
exiting,thé turﬁine would be used to generate steém for the bottoming
cycle. Technology is also being developed to allow the hot-rémovél,
of H,S from producer gas which would improve the'overail thermal
efficiency of such combined=-cycle power-plants.-'In general, the

technology for converting coal to producer gas is more highly
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_ déveloped than the technology for producing SNG. However, there
are still problems when caking coals are to be used because of
agglomeration problems.' Among the several organizations currently
developing low-Btu gas from coal processes are, the U.S. Bureau of
Mines (138), Weétinghouse, General Electric, Babcock and Wilcox,
Combustion Engineefing, Battelle-Union Carbide (139), and others.
Information on many of these processes is not yet available. In
addition, many of the SNG gasifiers can and wili\be adapted for SNG
production, among them the Imrgi-moving bed process, the Koppers-
Totzek entrained gasifier, BCR's Bi-Gas, and the Bureau of Mines'
Synthane Process. For an excellent reviewvof the prior art in
synth;sis and producer gas prdducer see feference 140,

Experiments in the underground gasification of coal date back
to the 1890's. The most recent work in this country was undertaken
by the Bureau of Mines from 1946 through 1956. The object of this
work wés to determine the feasiﬁility of bringing the chemical
constituents or the energy of coal to the surface in a gaseous
form, useable in the s&nthésis of liquid or gaseous fuels, organic
- chemicals, or the production of electric power. Other objectives
were to matérially reduce or eliminate underground mining operations,
to obtain useful products from coal or other carbonaceous materials
that lie in beds that-are not profitable to mine, and to recover
the chemical constituents or the energy of coal remaining in areas.
- when mining operations have been completed. From an economic
standpoint, the cost of production of synthetic liquids aﬁd gases
through in situ processes suitable to meet current energy require-

ments was found to be excessive. A recent review (73) suggests
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that due to advances in related petroleum technology, underground
gasification of coal should be reexamined. However, this renewed
interest holds little promise for significant incfeases to the
Nation's supply of clean énergy until, possibly, after 1985.

2) Coal-to-Oil Processes.- Coal can-also be convefted by
various means to yield synthetic 611 (48-77). Many of the
processes now under development converf the coal mostly to a liquid
form, others produce liquids as a byproduct of coal gasification.
-However, liquefaction technology is'a number of years behind the
gasification effort and liquids from coal are not considered an
alternative to oil shale development by 1985, alfhough a few proto-
type.plants may be operating by that time, A commercial plant would
need to produce about’ 1.24 million barrels of synthetic crude oil to
be equivalent to 1 million barrels of shale oil.

There is a long hisfory of c§a1 1iqﬁefaction studies and even
rather large pilot developments (l&l){ but none have as yet been
commercialized in the United States. Present developmentai emphasis
is on four processes as diécussed below (142-145). These four were
selected for an in-depth evaluation study supported by the Environ-
mental Protection Aéency and conducted by Esso R&D Co. (l&i).
Whereas previous coal-liquid conversion developments were mostly
aimed at prbducing synthetic_gasoline, the current trend is to do
a cheaper, milder conversion to produce a clean, heavy fuel oil
(or meltable solid) for firing electric power plants without air

pollution by sulfur.
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The Solvent-Refined-Coal (141-144) Process of the Pittsburgh

| and Midway Coal Company, subsidiary of Gulf 0il Company, is the most.
heavily funded. A 50-ton-per-day pilot plant supported by the office
of Coal Research and'costing about .17 million dollars, started con-
struction near Tacoma, Washington. Another pilot plant for essen-
tially the same process has about 6 million dollars of support from
a group of southern utilities and construction is being planned for
Alabama, The SRC process is based upoﬁ eﬁtraction of coal with a
solvent that is a distillate frac£ion of the product extract using

a étirred vessel, The dissolved extract is filtered to remove ash
and pyritic sulfur. To also remove some of the organic sulfﬁr, late
modificétions of the process call for adding hydrogen or CO at up to
1,200 psig to react with the coal, thereby releasing organic'sulfur.
No specific desulfurization catalyst is used and pilot plant results
will show whether overall sulfur removal from the extract is adeqﬁate
to satiéfy.air quality standards for fuels (0.7% sulfur) when high-
sulfur coals are the feed. The process may be limited to liquefac=-
tion of low-sulfur Western .coals to give a fuel of more concentrated
energy to lower transportation costs.

The development of;the H-Coal .(141-145) process of Hydrocarbon
Research,.Iné. is supported by-a consortium of petroleum companies.
A 2.5 TPD pilot plant with an 81inch.intérnal diameter reactor
is being used, containing a pecycle oil-coal-catalyst medium |
ebullated by hydrogen (144) to liquefy the coal. High conversion
énd'good catalyst recovéry are claimed. Scalé-up plans are not .

known.
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- The COED (141 -144) being developed by Food Machinery Corp. under
OCR sponsorship uses fractionai carbonization of coal to méximize
&ield of tar, the product fuel oil after hydrotreating; Naturally,
liquid fuels yield is lower than for coal'hydrogenationfprécesses.
Also, the product char may have sulfur contents exceeding air quality
standards, depending on the sulfur in the feed coal, and chér desul~
furization may be required. Develépment has advanced to successful
operationé of a 36 TPD pilot plant,

The Bureau of Mines hydrodesulfurization coal-to-oil process
(146 - 147) uses a unique reactor system to accomplish the desired
mild hydrogenation; raw coal copveyed in a recycled portion of its
own prbduct oil is propélied by rapid, turbulent flow of hydrogen
through a reactor packed wifh immobilized (fixed-bed) catalyst
pellets., The combined effect of the hydrogen, turbﬁlence.and
catalyst is to liquefy and desulfurize the coal at high yields and |
high throughput; Sulfur is removed as HyS which is easily con- .
verted by known technology into inert elemental sulfur_for industry
or storage. The key to 1ong-ﬁerm operébility with the packed
catalyst bed is thé turbulent flow of hydrogen; this propels the
coal slurry so violently through the packed bed that.plugging is

'preventéd as the coal passes through its sticky plastic phase prior
to becoming liquid. Turbulence also has two more benefits; by
attrition,-it keeps the catalyét surface clean for good contact .
and, by violent mixing, it pfpmﬁtes mass~transfer of the hydrogen
into the slurry where needed for the hydrodesulfurization reaction
With‘doal. In this system, the intent is to do just enough hydro-

genation to remove the sulfur, taking whatever amount of liquefaction
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'incidéntally occurs, thereby using oniy a minimum of_costlyihydrogen.
The hydrogenation is mild because of a very short residence time?
which also leads to very high throughput for reactor économy.

In the Bureau of Mines development, a 5- to 10-1b/hr ﬁilét
plant successfully processed 5 different- coals in 30-day runs to
yield.high conversions of oil that in every casé more than éatfsfied
air quality standards by having 0.3*percent-su1fur or less, The
process appears to be applicabie to all coals. A Kentucky coal
having 4.6 percent sulfur and 16.0 percent ash was converted into
fuel o0il having only 0.19 percent sulfur and 1 percent ash. By
early 1973, the pilot plant will be scaled-uﬁ‘td 50 1b/hr operation,
and plans for 1973 are to begin'design and construction of a 5-TPD-
pilot plant. It is possible that, in 2 to 3 years, this process
may be ready for consideration for commercial_design and utilization.

The environmental impacts associated with coal conversion
processés will largely be those which are associated with fhe
required mining of coal. The impacts of coal mining have Eeén
discussed earlier in this section and are summarized beiow. Impacts
on air and water quality will mostly depend upon the region where
the coal déVélbpmént and conversion processes will be brought into
production.

Site preparation and plant construction wéuld involve clearing
and grading of about 200 acres per plant. Some noiée and dust would'
be generafed by the clearing operations. Cleared brush and timber
would create a nuisance unless properly disposed of. Unavoidable

noise would result from structural erection, and public inconvenience
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might develop as a result of tﬁe additional transportation and

construction activity. Except. for the change in appearanée and
the poésible loss of access to the area, these impacts would be
temporaryQ |

Plant operation, consisting of handling and transporting the

coal to the process, .and converting the coal to gas and/or 611 will
involve large quantities of water for the conversion processes and
scrubbing gases, and very.large quantities of devolatizgd'coal,
called char, that will be burned in boilers to generate process
steam and power, or gasified to make process hydrogen. Major
emissions that must be coﬁtrolled are as follqws:

1. Sulfur ahd_nitrogen oxides, bottom ash,and.fly-ash fr&ﬁ the
plants generating brocess steam_and power. Fly-ash emission
from Boiler stacks can be controlled, and furnace bottom ash
and slag are handled routinely in the generation of power
using coal. However, it may become desirable to iocatg
large coal conversion plants near large strip mines where
ash'and slag from.the process would be retufned to the bpen
cuts, and the ground restored in accordance with environ-
mental‘cohsiderations.. The technology for controlling
sulfur and nitrogen oxides, however, is not yet available
commercially.

2. éontaminated water discharges containing phenols, cresols,
benzene, oils, taré, and ammonia; gaseous discharges‘from
the Cléus tail gas containing some hydrogen sulfide and

sul fur dioxide; and solid discharges such as char and ash;
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and szsibly solids from gas-scrubbing systems using solid
sorbents such as dolomite. Process waste waters can be
partly éontrolled by treatment and reuse, Claus tail gaé
can be scrubbed free of sulfur compounds. Waste solids
may present disposal problems in terms of available space
and/or surface water contaminatiqn, but these are nét
insurmountable problems. |

3. Noise will occur from mechanical equipment, injectors,'and

pressure-reduction devices, but:is unlikely that it would
be a problem beyond the plant property lines.

To illustrate the order of magnitude of the major emissions
that woﬁld have to be handled from a commercial coal-to-pipeline
gas plént, the Federal fower-Commission gave the following estimates,
in tons per day, based on a plant producing 250 miliion standard

cubic feet per day of pipeline gas, from coal with 3.7 pefcent

sulfur:
Sulfur (mainly as hydrbgen sulfide) 300-400
Ammonia 100-150
Phenols . . 10- 70
.Beﬁzéne _ | 50- 30
Oils énd tars | trace tb 400
Ash (based on coal with 10 bercent ash) 1,500 |
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6. Increasing Nuclear Energy Development

The use of nuclear power as a commercial energy source is
expected to increase considerably in the mnext fifteen fears.
Installed capacity in 1970 was 7,000 MW and_is currently over
15,000 MW. This is projected by the Atomic Energy Commission
(AEC) tb increase to 54,000 MW by 1975; 280,000 MW by 1985; and

810,000 MW by 1995.

Most of the currently operating and planned nuclear plants
utilize light water reactors. In such reactors, the heat energy
created in nuclear fission is removed by the circulation of water
through the fuel core to generate steam to turn turbine generators

to produce electricity.

Eighf high-temperature, gas-cooled reactors are also completed
or on order. These utilize helium circulating through the fuel
core to boil water for steam to turn the turbine generators.

These reactors are all of the burner type which utilize less than
2 percent of the available energy from the uranium which they burn.
Breeder types of reactors whicﬁ produce.more nucléar fuel than
they consume, such as the liquid metal fast breeder, are not ex-
pected to be available for ¢ommercial use until the mid-1980's.
Breeder reactors could utilizé_more than 60 percent of the total
energy from uranium; Thermpnuclear-fusion_reactors are not’

expected to be a commercial reality much before year 2000,
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If nuclear power were to displace all projected increases in
petroleum demand (as estimated.éarlier, Table I1I-4) by utilities
between 1980 and 1985, it would displace demand fbr approximateiy
320,000 bpd of oil, Additional substitutions éould only be made
by replacing facilities in place before 1980, either before or
at the end of their economié life. Some shift in remaining fossil
fuel plants from base to péak loading might also be necessary.
Depending on the assumptions made about the amount of residential/
commercial on-site space heating capacity displaced, the additional
_capacity required could be between 37,000 to 50,000 MW.I/ The
capacity which would be displaced would be located primarily in
the Northeast and Great Lakes States.

If all of the o0il production from oil shale would be used to
provide fuel for additional oil fired power plants and on-site
space heating facilities,-from 37 to 50 additional nuclear plants
of 1,000-MA capacity each would have to be cqnsﬁructed'to
provide a complete substitute for shale oil.

Since the planning, licensing, and construction lead time for

nuclear power plants involves a minimum of 6 to 8 years,

1/ Calculated.on the basis of the following assumptidns:

1 bbl shale o0il = 5,800,000 Btu,

3412 Btu = 1 kwhr thermal,

thermal efficiency of foss11-fue1 steam-generating plants 407,
thermal efficiency of onsite space heating facilities 65%, and
nuclear plants replace fossil-fuel plants operated at 75% load
factor
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nuclear power cannot be considered as an alternative to shale oil
before 1980.

It is possible that the 37 to 50 additional nuclear plants
required could be constructed by 1985, and serve as a substitute
for shale oil at that time. This would represent an acceleratiqn
of 13 to 18 percent over the 1983 capacity projected by the AEC
of 280,000 M{. To the extent that shale oil would not go into
power plant or space heating uses, nuclear power would be only
a partial substitute for such oil with a comparable reduction
in the number of plants involved in such a substitution.

This analysis assumes complete nuclearlpower substitutability
for shale oil (for discussion of substitutability, see Section
II-C). TFor less than complete subsfitutions, a roughly pro-
portional reduction in the environmental impact would occur.
Since specific impacts depend upon where the p#rticular activities
constituting the nuclear fuel cycle would be locéted, a descrip-
tion of specific impact by location is not possible in most
cases. The impacts described are considered to be a quantitative
addition to similar impacts of exiéting or planned nuclear
facilities.

Because of the lead times involved, nuclear power plants
substituting for shale oil could only utilize current technology.
Hence, the plants considered as replacements will be light-water

reactors, either boiling water or pressurized water reactors.
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It is possible that some incremental reactors could be high-
temperature, gas;cooled reéctors, which have a higher thermal
efficiency and subsequenfly less waste heat problems. However,
the number of these which could be built is considered to be
small enough to be disregarded in the overall anaiysis. Neither_
breeder nor fusion reactors are considered to be viable altérna-
tives before the late 1980's.

In the sgbsequent-text, the significant impacts of uranium
mining and milling, power plant operation and construction, trans- .
portation of spent fuel and waste materials, reprocessing plants,

and radioactive waste material storage are discussed.

- a. Ufanium Mining and Milling

The construction and oberation of additional nuclear generating
plants would require additional mininé and milling of ur#niuﬁ ore
to supply the fuel elements for these plants. An incrémental
operating capacity of 37,000 MW by 1985 would require 21,000

tons of U30g for the first core fuels and 6,500 tons of U308 for

annual reloads without plutonium recycling and 4,000 tons of U30g
with plutonium recycling. At an average ore grade of 0.20 percent
U308, a total ofe output of 11 million tons would be required to

supply the uranium for thé first core fuels, and an annual output

of 2.25 to 3.25 million tons would be required for reloads. Since



the average ore grade can be expected to decline during the life
of the plants, the estimated annual ore.tonnage for reloads would
increase, particularly after 1990.

The total U.Sf nuclear power industry is forecast by the
Atomic Energy.Commission to require 1,164,000 short tons of U30g
between 1985 and 1995{ An additional 37,000 MW of nuclear capacity
as an alternative to shale o0il would require 86,000 tons of U308
in the 1985-95 period. Over the 10-year period, the 37,000 MW |
plants would incréase the consumption of U308 by 7 percent. 1In
1995 when total nuclear power induétry consumption of U30g is
forecast to be 142,600 tons the additional plants would-require
6,500 fons, an increase of 5 percent-on the base load. As of
December 13, 1972, the Atoﬁic Energy Commission estimated that
' U.s. uraniuﬁ resources in both the ''Reasonably Assured" and
"Estimated Additional" categories recoverable at $10.00 per pound
of U043 totalled 1,037,000 short tons of Uy03. Thus, domestic
uranium supplies at $10.00 per pound will be inadequate before
1995, even without the additional 37,000 MW of capacity.

Uranium mining and milling in the United States is concen- -
-trated~in.New Mexico, Wyoming, the Colorado Plateau, and south Texas.

As most of the known and potential reserves are concentrated in
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New Mexico, Wyoming,‘and the Colorado:Plateau, the. incremental
mining and milling activity would be expected to occur there.

In 1970, 53 percent of production came from underground mines,
‘with most of the remainder coming from open pit mines. The ratio
of préduction between underground and open pit mines is expected
to bg basically maintained over the next several decades,

In underground mining through the 1950's, excessive exposure
to radioactive radon daughter productsl! resulted 'in a high in-
cidence of lung cancer; However, the recommended annual exposure
limits have been vastly reduced in the past decade. By maintaining
these lower limits, the incidence of lung cancer in underground
uranium miners is expected to be reduced to a level not significantly
higher than that of the poﬁulation as a whole,

Uranium mining is largely concentrated in relatively isolated
areas distant from large population centers and urbén areas.
Nonetheless, it does have an adverse aesthetic impact in the areas
in.ghicﬁ it occurs, as a result of the removal of the vegetative
cover, Also, air quality in the immediate area could undergo some
temporary reductions because of this removal of ground cover and
the associated dust from veﬁicle and equipment movement. Waste

rock is piled on the ground, changing the surface texture and

1/ Radon is a radioactive gas produced by spontaneous decay of
uranium., The gas disintegrates spontaneously into so-called
daughter products, 1In the process of spontaneous disintegration,
highly radioactive emissions occur.
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accumulating extra'overburden._ Open pit mines require considerable
acreage, reducing (depending upon location) fhg suitability of that
drea foF other land useé such as grazing, wildlife, and some outdoor
types of recreation. For underground mining, the extraction of
deeper ores will tend tg require some accumulation of_waste rock
dump areas. Planning for sequential land uses, followed by the
.reclamatiOn of mined land and the backfilling of mined out stopes
with waste rock could; however, substantially reduce these land use
problems.

Because of the low concentration of U308'in uranium ore, milling
the ore produces comnsiderable amoﬁnts of tailing. The milling opera-
tion for U30g required for 37,000 M of capacity over a 25-year
operating life is expected-to generate around 75 to 100_m111ion tons
of tailing. These tailings contain radioactive products and, there-
fore, must be contaiﬁed in well constructed tailings dams to frevent'
erosion and leaching, which could result in the radioactive products
entering surface and ground water systems. The specific adverse
effects of these on the overall health of biota are not fully known;
current evidence, however, does indicate increasing concentrations
through upward stages of food chains. The technology for designing
and constructing safe tailings dams does exist and is beiﬁg used to
prevent erosion and leaching and to retain harmful mill effluents at
present levels of prodﬁction.

Bécause of their low ievel radiocactivity, mill tailings are _

unsuitable for subsequent use as fill material where human ex-
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éosﬁre might resulf. They are also a hostile environment for §
nearly all biota. Aboveground étorage which minimizes erosion

requires. that they be covered with gravel or dirt upon which a

vegetative cover can be established. Aboveground st;rage does;

however, require considerable land area, which displaces other

potential uses. .Subsequently, in the future, an increasing amount

of tailing may be utilized to back fill mined-out stopes and open

pits.

b. -Powerplant Construction and Operation

Aséuming an éverage oﬁ three 1,000 mw units per site, the
construction of 37,0QO mv of additiopal nuclear capacity by 1985
would require 13 "additional plantlsites (less if some units were
added to existing plants). Under current siting criteria, these
would be located at some distance from population centers.,

Assuming 500 acres per site (based upoﬁ an exclﬁsion area of ome-half
mile radius around each plant), 13 new plants would require a total
of 6,500 acres, an areé from which most othér uses would be

excluded.

Depending on the capacity of the transmission lines which
would-be-reﬁuired if ﬁucleaf energy were to substitute for energy
produced from oil shale development, the transmission line right-
of-way would require the use of ten to 15lacres per mile of
line. Ce:tain types of develppment such as residences would be
festricted although such land would still be 1érge1y available ' I

for other purposes such as recreation. These additional

{
|
i
t
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transmission lines would have an adverse aesthetic impact by dis-

rupting some scenic vistas.

Construction of the plants would present some short-run environ-
mental problems such as the erosion of excavated materials. Special
measures could be taken to prevent erosion of excavated material

with subsequent siltation.

Operations of the nuclear plants will generate considerable
amounts of waste heat, For example, light water reactors have
comparatively lower thermal efficiencies than new fossil-fueled
plants (around 33 percent compared to 40 percent). Given this
difference in efficiency and under the'assumption that fossil fuel
plants, 6n average, release around 15 percent Y/ of their waste
heat directly into the atmosphere, a light water reactor would
releagse approximately 50 percent Y more waste heat info its
cooling water than a fossil fuel plant of similar size. The
effects of this waste'heat will depend upon the cooling method

used and the location of the plant (See Volume I, Chapter III,

section C). .

The effects of thermal discharges will depend in péft on
the size of the body of water into which this Heated water is

discharged. The effects along ocean sites, the Great Lakes, and

1/ Energy Research Needs, Oct. 1971, Section IX, Resources for
the Future, p. 19.

2/ Sectiom VI, p. 15.
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very large: rivers are likely to be modest as the heat is more
readily-dispersed an& more easily avoidable by aquatic species,
Along smaller lakes and rivers, or in bays with lﬁpited circulatiop,
higher water femperatures can.produce"fish kills, interfere With_
fish reprbduction, disrupt food chains, decrease dissolved oxygen
content, drive out desirable aquatic sbecies, and encourage the
growth of undesirablé algae which may speed up eutrophication
within the limits of the affected area. However, sometimes the
heat can be used for agriculture and other beneficial uses.

The use pf wet cooling towers, removing the heat by evaporation
into the atmosphere, would not pose the problems of adverse thermal
-éffecté. H0we§er, water vapor from the cooling operations could
have substantial effects oﬁ local haze, fog, cloud, and ice
formation. Chemicals released in the cooled water or evaporatéd
plume could also have adverse effects on downstream and downwind
biota.

The use of cooling ponds would produce less evaporation than
wet cooling towers, but haze, fog, cloud, and ice formation-would
still occur during periods of sub{freezing temperatures. The ponds
requirg additional acreage (an estimated 1,000-2,000 acres per
1,000 MW unit)., These may have recreational uses, but they would
also displace previous land uses.

-Nuélear power plants, unlike fossil fuel plants, do not emit

the usual products of combustion such as particulates,. sulfur
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oxides, and NO, . Hence, they do not generate the air.pollution
problems stemming.from or require control measures for such emissions,
However, they do produce radioactive emissions whose release'mﬁst

be strictly limited if a&verse effects to the health of humans

and other biota are to be avoided,

In the pormal operation of the incremental nuclear generating
units, there would be very small amounts of radionuclides discharged
in the cooling water and.gaseous plant effluents. But, assuming
that present standards will be maintained and enforced (these
limit the release of radioactivity to no more than would expose
an individual at the plant boundary to 1 percent of the indiyidual
maximum allowed), the effects of the amounts released are likely
to be negligible, as the average additiénal annual dose which the
affected population would receive would be th;ee to four orders
of magnitude less than the average level of natural radiation
exposure, |

The operation of nuclear plants poses some risk of accidents.
Nuclear plants are designed to minimiie accidents or their adverse
effects if one does occur, utilizing a "defense-in-depth" principle.
This inglqdes designing and constructing plants in such a way that
aécidénts are prevented and to contain the effects of accidents
which do occur, and siting reactors away from areas of high-
population density. Plants are &esigned to withstand a design
basis accident (DBA), defined as the worst malfunction considered

to have a probability of occurrence high enough to warrant corrective
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action; For light water reactore, the worst DBA considered is
usually a major rupture in the cboling system, The maximum
radiation dose which could be received at_the site boundary if
such an accident occurred, is estimated for some p1anps to net
exceed the annual dose obtained from natural radioactivty.

However, the operation of many nuclear planFs over an extended
peribd_of time can be considered to pose some risk Qf.a catastrophic

accident with a very remote probability of occurrence.

Ce -Transpg;tation

The nuclear fuel cycle requires the tranSportatibn of radio-
active materials by truck or rail at many stages. The transportation
of spent fuel elements from reactors to reprocessing plants and
of high-level wastes from repfoceséing plants to storage sites
poses a potential hazard of comsiderable magnitude. Existing
transportation regulations and cask designs have been developed
to ensure ;hat even if accidents in transporting these materials
do occur, no radioactivity will be released into the enviromment.
For the transport of the spent fuels and high level wastes associ-
ated with an’ incremental 37,000 MW capacity, a very small number
ef accidents ceh‘be expeeted to occur dﬁring a 25-&ear operating

life.

d. Fuel Reprocessing and High Level Waste Storage

Spent fuel assemblies from reactors are first partially cooled

at the planf site and then transported to fuel reprocessing plants
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where.usable'nuclear fuel materials are récovered‘ffom-them and
radioactive wastes are separated. If 37,000 MW of additional
capacity were built, this would require either the construction
of oné new reprocéésing plant or the expansion of existing plants.
The former alternative would require a new site, entailing a
complete displacement of present land uses, |

While rédioactive emissions during reprocessing are greater
than those occurring during normal power generation, the estimated
dose to the affected population is still two orders of magnitude
below natural levels, Hence, the impact df these emissions is not
expected to be significant, even though the_chfﬁnic effects of
such.low level radioactivity are not yet wholly known.

The high-level radioaétive wastes remaining after reprocéséing
are first concentrated and stored in éolution for five years,
then evaporated to soiids, sealed in containers, .and put into
long-term storage. The 37,000 MW of incremental capacity would
produce around 300,000 to 400,000 gallons of high-level waste
per year, demanding a cumlative stérage capacity of 1.5 to 2
million gallons., This liquid waste, when evaporated, would yield
around 3,000 to 4,000 cubic feet/year in solid waste materials
for each year of operation, (

Because of their high.congentrations of radioactive nuclideé
with very slow rates of decay, these waste materials must be

totally isolated from the biosphere for hundreds or thousands
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of years if serious adyerge effects to all living organisms are

to be totally avoided. The concept of storage in salt beds has
been termed satisfactory by'a National Academy of Science advisory
committee. Engineered facilities in selgcted geologic environ-
ments which would be capable of insuring permanent isolation from
the biosphere are being considefed as an alternative to sélt bed
storage. Pilot studies have been conducted for sevefal years and

‘are continuing to determine the acceptability of'specific sites.

In the meantime, wastes are being stored in below surface man- .

made storage tanks.
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7. Tar Sands

If aécepﬁable technology can be developed to férmit economic oil
recovery from tar sand deposits, the estimated bitumen in place in the
fivellargest tar sand depos}ts in Utah of 17.7-27.6 billion barréls,
which constitutes most of the knowm fesource in the United States,
could cbnceivably support an industry capable of ﬁfoducing up to a
half million barrels per day for neérlylSO years. _It appears unlikely,
hdwever, that development of th® needed technology and of the required_
industry can be accomplished in time to permit significant production
from tar sands before 1985. Moreover, if the same recovegy method were
used, there would be little difference in both degree and kind of
environmental impacts caused by either oil shale or tar égnd industry
developments. Thus, oil production from tar sands is not consgidered to be
a likely alternative source for the 1 million bpd capacity anticipated

from the Proposed Prototype Ieasing Program for oil shale.

a. _ Tar Sand Resource Potential

——

Tar sands, also called oil-impregnated rock, bituminous sandstone,
bituminous limestone, are distinguished from mofe conventioanl oil
and gas reservbirs by the high viscosity of the included hydrocarbons.
These hydrocarbons are generally semisolid to solid and not recoverable
through a well by.ordinary.qil production methods. ' To initiate or sus-

-tain production, therefore, will require the continuous addition of energy
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to the reservoir in some form, such as heat, fluid preésure, ﬁech-'
anical work by mining, etc.

Tar sand deposits in the United States are'humerous.and some
individual deposits are extensive. The most intensive effort that
has been.made to evaluate the oil resource pofential of tar sgnds
+in the United States.(zg) reborts 546 known occurrences in 22
states, but because of the lack of definitive information, gives
partial resource estimates for only seven states. fhe estimated
rééovérable reserves in surface and near-surface petroleum-impreg-
nated rocks amounted to between 2.5 and 5.5 billion barrels.. Later
_ refinemepts to data have been made in some areas which indicate
that the total oil in place ip thé known deposits may be between
18.7 and 28.9 billion barrels. Most of this resource occurs in
five deposits, located in the State of Utah (79). Until other de—.
posits of size comparable to the 1arge deposits in Utah are delin-
eated, the present estimated volume of o0il in known tar sand
déposits constitutes the available resource in the United States}
this is less than 30 billion barrels.

The largest known tar sand'deposit in the world is at Athabasca
in Alberta,'Ganada.r This deposit has been variously estimated to
contain from as little as 85 billion barrels of recoverable oil ﬁy min-
ing and surface extraction (80) to appreciably more than twice this
amount by the Alberta 0il and Conservation Board. The National Pet-
roleum Council (8l) estimated that 174 billion barrels may be eco-
nomically recoverable. By any estimate, the Athabasca resource in

. Canada is substantially larger than that in the United States.
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A strip mining and surface extraction technology for the produc~
tion of oil from tar éandé hasubeen developed to permit commercial
exploitation of the huge.Athabasca deposit in Alberta, Canada.' In-
Creasihg productién from this deposit can be expected over the next
few years as otﬁer projects are approved and activated there. This
technology will have but limited use, however, for the exploitation
of far sand deﬁosits in the U.S, because none of these deposits can

compare in areal size, in volume of resource, or in thickness of
overburden which have favored the large-scalé strip mining operation
at Athabasca._ The exploitation of U.S. tar sands will probably re-
quife in situ methods for which the technology is now lacking. The
lead time that will be.required'to develop this technology and there-
after to develop a large tar sand industry will probably prevent any
significant oil production from U.S. tar sands until after 1985.
Accordingly, production of ail from tar sands is not a viable alterna-

tive to shale oil in this time frame.

_ B. Potential Environmental Impacts

If the same récovery methods were used, thére would be little
difference, either in degree or in kind, in the impact produced on the
enviromment by exploitation of 0il shale and tar sand depoéits. The
most severe environmental impact wbuld result where strip mining is
used, because of the immense tonnages of overburden and resburce rock
thét must be moved and the iarge surface areas, almost total land area,

that would bé disturbed. At Athabasca it is indicated that about 3.3
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tons of tar sand and overburden will have to be processed for
each barrel of oil produced, on a unit basis, the ratio ié about
2.4 tons of sand and_l.b ton of‘overburdeﬁ per bafrel of oil pro-
duced, depending én the bitumen content of the sand processed.

By comparison, in situ recovery methods would not cause the
severe disturbance of the surface as in sfrip mining but would
have similar impact on the environment in other respects. Regard-
less of the process used, the prbduction of oil from tar sand
deposits could produce hydrocarbons and otﬁer pollutants which

.would have to be removed to protect air quality. Air quality
could also be affected by dust generated from strip mining opera-
tions, from wind-blown.solidshfrom disposal éreas,_or from traffic
on access "and service roads ;equired by the field operations.
Water quality of underground subplies and surface drainage would
be subject to pollution from water produced in conjunction with
the operations or from surface run-off and water leaching of
dump and disposal areas.. Impacts on existing uses of the land
would'result, with the principal effect on grazing.

Land used for strip mining would be totélly unavailable for
other uses until the land had been restored. Even in situ methods,
which require comparatively little land areas for well locations
and surface production facilities, would have important effects
on other possible land uses, such as human habitation, recreation,
livestock grazing, agricu}ture, or.wildlife habitat, until oil
production was completed.  Other impacts would be associated with
ﬁoise normally found with operation of process plants and equip-
ment aﬁd with population incregses in areas of establishéd plants

due to the increase in labor demands.
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8. Geothermal Energy

The earth has a vast amount .of internally generated and
stored heat that must be considered an energy resource. The econ-
omics of geothermal power production are not certain, but estimates
indicate geothermal power would be stiongly competitive with conven-
tional sources. Proven gesthermal resources susceptible of commer-
cial development in the U.S. are limited to one area, the-Geysers,
California, where poﬁential development of 1,000 MW of electrical
generatiop is reasonably assured, and perhaps a total 2,000 Mw may
be developed ultimately. Currentiy 298 Mﬁ capacity is in operation
at the Geysers producing about 8.9 trillion Btu each year. In
comparison, the projected shale oil prbductionrﬁf 1,000,000 barrels
per day is equivalent to.apptoximately 850 trillion Btu annually
(équivalent electrical‘energy), or about 100 times as great as
fhe present geothermal potential. Thus, geotherﬁal power is not
a viable aiternativé to this amount of shale oil production.

Geothermal energy must be used or converted to other forms of
energy at the production site, because heat loss from steam or water
lines becomes prohibitive at distances greater than about one mile
from the well head. Present commerciélfscale.utilizatibﬂ of the
resource in the U.S. is limited to Steaﬁreiectfic power production.
Distribution by area qf the resource leads to devélopment.of sepa-
rate powerplants on the order of 100 Mwicapacity served by about
10 producing wells each with a well spacing of one well per 12 to
40 acres. This dictates small powerplants to be connected by steam
lines to wells within about one mile, and a series of small power—
plants on about 1- to 2-mile centers connected by high-voltage
transmission lines. In the Geysers development, the pdwer
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company, Pacific Gas and Eiéctric Coméany, has settled oﬁ two 55
MW turbine generating units housed in a single plant as the opti-
mum scale for this type of development (§g).

In view of the technical and economic constraints, it is
unlikely that geothermal energy will constitute a major éupply of
energy to meet the national energy demand in the period 1970 to
1985. Under favorable conditions; geothermal energy may be locally
important to several areas of the Western States. \However, it prob-
ably will be insignificant as a factor in nationai power capacity
(less than 1 percent of total) through the year 2000 (83).

a. Potential Environmentél_Impacts

Land use in the vicinity of geothermal developments will be
changed by tﬁe construction of roads, wells, pipeliﬁes, powerlines,
powerplants, and byproduct facilities associated with industrial
development. Land used for agriculture, forestry, grazing, fish and
wildlife habitat, recreation, and water supﬁly will be disturbed in
.varying degrees. The Geothermal Steam Act of 1970 excludes certain
public.aﬁd acquired lands from the geothermal leasing program in
order to protect their special land-use values or the unique charac-
terisfics of these lands. In addition to restricting certain areas
from geothermal leasing, Section. 3200.0-6(b) of the leasing regula-.
tions requires that developments on adjacent lands, both public and
private, must be evaluated prior to geothermal leasing; to consider
the impact of geothermal development on surrounding land uses.

field development~iﬁ a large field can continue for many years
as new wells and additional power-génerating units are developed.

Since most environmental impacts can be cumulative,'for example,
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water and ai: pollution, proper care must be exercised at each

" step., Maintenance, production testing, noise, and the associated
aboveground pipe systeﬁs which cover large areas of tﬁe geothermal
fields preSenf the most sevére'continuing impacts to the environment.

Pipelines connecting up to 10 wells to a single power plant may
be as long as one mile. As such they can severely limit access and
transition.

Most of the potential adverse environmental effects that would
be present during the developmgnt pﬁases would be maghified during
full-scale operations. The potential for environmental démage
increases with the addition of each new well.. Some adverée environ-
mental effects are unavoidable, such as the potential fo? air and
water pollution as a result of accidental reieases; removal of wild-
life habitét; restriction on surface use of land in the vicinity of
installation; and general aeéthetic deterioration through industrial
development.

The principal objection to geothermal power development stems
from the intrusion of industrial dévelopment into new areas.

Nearby residents and outdoorsmen generally find the noise, odor,
and disturbance of terrain and vistas.highly'objecfi&nable.

Test drilling and production testing of geothermal steam
resources would affect fish and wildlife. Most impacts wéﬁld occur
on or adjacent to well sites,‘although the impact on water quality
could be more than localized. The magnitude of particular impacts
' would be interrelated with fish and wildlife and their habitat
within the area of. development iﬁfluences, extent and duration of
the entire gépthermal development activities and opgrations, and
the effectiveness of control measures.
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- Blowouts, in which steam or water escapes uncontrolled, poten-
tially pose a distinct environmental hazard in geothermal drilling.
The close association of geothermal areas throughout the world with

"major rift systems, zones of crustal spreadiﬁg or convergence,.
Cenozoic volcanism, and earthquakés has been diSCussed in a number
of papers (McKnitt, 1965; Tanrazyan, 1970; Muffler and Whife, 1972).
Althqugh the coincidence of relatively high seismic activity and
tendency for subsidence increase the potehtial for blowouts, to
date failures have resulted:from earfh slides and improper designs.
The principal a&verse environmental effects of such accideﬁtal
releaseé are safety of operating personnel, waste of the resource,
noise nuisance and air contamination from gaseous emissions (hydro-

~ gen sulfide and others). Condensed, the gaseous emissions could
enter and adversely affect ground water. Once a blowout occurs it
is troublesome to control because of the difficulty in handling
escaping hot fluid. ﬁowever, unlike similar problems encountered
in petroleum drilling, there is essentiélly no fire hazard iﬁ the
case of a geothermal accident. Tb further minimize this hézard,
proper casing design is required to assure thét the pressurized
fluid will be confined to the well bore and can be controlled
through surface shut-in equipment.

If a fresh-water aquifer occurs abo%e a geothermal reservoir
which contains ho; saline Vater, tapping the geothermal strata.
COuid result in contamination of the fresh water if one horizon
were not.keﬁt isolated from the other by properly cementing the

casing of either production'or reinjection wells.



Experience ‘in ﬁetroleum'pfoductioﬁ indicates that marked

changes in reservoir pressure, whether due to préséure reduction
. from the.pfoductidn of fiﬁids, or to pressure increase due to injec-
tion, may in certain types of réservoirs, éspecially in faulted or
fractured rocks, result in iﬁstability leading to earthquakes. Such
'instability due to production alone has been documented in the |
‘Wilmingtoh 0il Field, Califofnia.(gﬁ). Instabiiify.due to injection
was documénted at the Baldwin Hills 0il Field, California (85), and
af the Rangely 0il Field, Colorado (86), and in connection with injec-
tion of waste waters at the ﬁocky Mountain Arsenél, Colorado (87).
Similar increases in seismic activity have also been noted in asso-
ciatioﬁ with filling_of large_Shrface reservoirs with attendant
change in hydrostatic head; including Lake Mead on the Colorado River
and Lake Kariba in Africa (88). The role of fluid-pressure changes
in triggering seismic activity is now well-known, and a caﬁsative"
relation has been established in many areas. In general, such
activity has not proven disastrous, but-the potential fof a major
quake cannot be ruled out. In_any.event, seismic activity must be
counted aé.a potential environmental impact associafed wipﬁ geother-
mal dévelopment,-and provisions must be made for seismic monitoring
before and during major production. If monitoring indicates a sig-
-nificant increase in seismicity, particularly in infensity-of motion,
reﬁoval-steps to alleviate stress would have to be initiated promptly.

| ~ Subsidence of.fhe ground surface'dver and around -a geothermal
© reservoir can result f;om'the withdrawal of large volumes of fluids
(84, §2). Subsidence would reach a maximum rate'dufing\fuil-scale '

operations unless fluid is returned to the reservoir.
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Elec;rical transmission lines are generally benign and.somé
favorable environ@éntal impacts could be attributed to improved fire
protection resulting from.clearing of the rights-of-way. The-p;in—
cipal adversé impacts are aesthetic,due to the intrusion of the struc-
tures on vistas. Disturbance of the terrain is minimal except for
clearing tfees and_brush. Abrupt changes in vegetation cover such
as those caused by fightSPOf—way'cutting tﬁrough dense foresfs can
alter ;he feeding gnd migration habits of certain wildlife species.
Also, where the cleared right-of-way makes ; low angle with the
siope of the traversed terrain, the incidenge of erosion is incfeased.

Geothermal wasté fluids normally confain substantial quantities
of digsolved and pfecipitated minerals. Predominant problem minerals
are silica and carbonate, sﬁlfate, chioride and fluoride salts. Dis-
charging these mineralized fluids into streams and lakes would be
generally unaccéptablg. Even dischérge to the ocean might be unac-
éeptable'in view of the thermal load. Disposal to otherwise useable
-underground waters likewise_would-generally be unacceptable. The
solution available in most situations is reinjection_of waste fluids
into the producing zone. This has the double advantage of providing
recharge and pressufe maintenance to the geothermal reservoir, as
well as pfoviding-for waste disposal. It might be possible to
'eVaporate wastes and recover minerals and salts of economic value.

Another aspect of waste disposal is that of gaseous wastes. |
Steam from cooling towers in some situatians could bring on fogging

problems. Likewise, release of noxious gases with such steam also.
constituteé an adverse impact, but certain gases, particularly hydro-
gen'sh}fide and ammbnia,lcan be removed from power plant steam before

release.



9. Hydroelectric Power

The potential of hydroeleétric capacity is limited. Of the
100,000 MW of potential capacity yet to be developed in the Lower
48 States, approximately 30,000 MW is likely to be developed by
1990 under existing programs. To equal the energy available from'
shale oil:would require commissioning an additiona1.37,000 to
50,000 Md of the remaining potential, assuming that the remaining
potential capacity is based on average streamflo&lconditions and
that shale o0il is assumed to be completely utilized for electric
enérgy production. Those assumptions can be made only for the
purposes of this study. The potentiél sites would most likely
be developed to provide a;earioad'peaking capacity requirements
in conjunction with fossil or synthetic fuel or nuclear base load
plants. |

The generating'potentiai of any hydroelectrié site is a
fuhction of both stream discharge and the height of fall. “The
better hydroelectric sites are concentrated in areas with heavy
precipitation and large topographic relief.. The following table
based on information obtained from the Federal Powér,Commission
shows the extent of U.S. potential and developed water-pg&ér

capacity as of January 1971.
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Geographic
Region-

New England
Middle Atlantic
Fast North Central
West North Central
South Atlantic
East South Central
West South Central
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Percent
Developed

31.3
48.3
36.0
38.0
35.8
57.8
36.5
18.8
38.4

0.3

28.8

Of the potential hydroelectric capacity of 179,900 Mw in the U.S.,

28.8 percent or 51,900 Mw has been developed, leaving approximately

130,000 Mw to be developed. Of this 130,000 Mw of capacity some 32,600 Mw

is located in Alaska. Sparsity of population and remoteness from

population centers make the economic feasibility of large hydroelectric’

projects in Alaska subject to considerable doubt. Of the approximately

100,000 Mw of capacity yet to be developed in the lower 48 States
65,000 Mw are concentrated in the Mountain and Pacific regions.

35,000 Mw of capacity potential could be developed in the rgmaiﬁder

of the United States.

About

The Federal Power Commission projects electric generating capacity

in the U.S. as follows:

Total Generating

Year Capacity (Mw)
1970 340,058
1980 665,000
1990 1,260, 000

** Mw = Megawatts

" Total Hydro
Capacity (Mw)

51,641
68, 000
82,000
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Thus, by 1990 development of approximately_oneshélf of the Nation's
total hydropower potential will comprisé bnly_ 6.5 percent of total
electric generating capacity.

It should be noted that few dams are built golely for hydrseléc-
trié power genera;ion. Irrigation, navigation, muﬁicipal, and
industrial uses, as well as flood control are important and fre-

quently are the dominant uses.

a. Potential Environmental Impacts

Numerous environmental impact statements filed by the Bureau of
Reclamation of the Department‘of the Interior.and-by the Corps of
Engineers describe environmental impacts of specific hydroelectric
projects.

Hydfoelectric power produces no air pollution, radioactivity,
waste,.heat nor-water pollution (with the exception of the loss of
oxygen content in storage facilities). Impacts on land and water
resources tend to be limited to the vicinity of the power generation
éite. Dams valuable for hydroelectric purposes may be otherwise
useful for such needs as irrigation and flood control. Lakes behind
dams created for hydroelectric purposes'prOQide recreational oppor-
tunities such as swimﬁing, fishing, and boatiﬁg.

. Construction of a hydroelectric dam represents an irretrievable
commitment of the land resources benéath the. dam and lake (agriculture,
minerals, wildlife habitat,'free-flowiﬂg rivef recreation, historical

and archaeological resources, timber areas, and others).

V-169



Alteration of fivér'flows may lead to silting béhind the dam, thus
progressivgly_reduqing reservoir capacity and its effective use,
and finally, after many years, filling of the lake. Alteration
of downstream flows from pover plants’ discharges can cause scour-
ing of river banks and bottoms.

Fish and wildlife habitat may be adversely altered. The
reproductive habitats of anadromous fish.may be severely altered
by-dam construction, unless elaborate provision is\made for fish
ladders or other means to provide safe fish passage. Increased
mixing of air with water increases the amount of nitrogen con-
tained in the water which leads to nitrogen narcosis in fish._

b. Special Problems - Alaska Hydroelectric

A specific disadvantage of the potential Alaska hydroelectric
alternative would be the necessity of constructing transmission
lines to carry powér from Alaska not required in that area to
the lower United States. Tﬁis would be a distance of 1,500 to
2,000 miles from Alaska hydroelectric sites to the Northwest-
‘Canadian UTS. border. Such distances would preclude the use of
alternating current lines because of technicai economic infeasi-
bility. The use of direct current linés assumes édequate technical
reséaréh developments by the time such lines would be needed.
Approximately 20 b.C. lines with é 1,000-kv rating would be reqﬁired
to tfansmit approximately 30,000 Mw frém Alaska to the contiguous
U.S. This further assumes that all potential hydroelecﬁric sites
in Alaska would be devéléped and that the power requirements of

that State would not be great enough to utilizé all of this hydro-

electric capacity.
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10, Other Energy Sources

There are other potential energy sources which néed to be recog-
nized as possible energy alternatives to oil shalerdevelopment. At
present, these alternatives are not considered viable due to a lack of
proven technology for production scale appiication, nonsubstitutability,
cost, and timing.of development. These include improved fuel use
efficieﬁcy, tidal power, solar energy, biological conversion of
wastes to oil, and thé use of liquid hydrogen as a.motor fuel.

Potential environmental impacts of these alternatives are difficult
to assess, particularly Qhere there is a great amount of research and
developﬁent that must be done before operational scale systems can be
develobed; tested, evaluated, and readied for production application.

It is not believed that any-significant energy production can be obtained
from these systems within the relevant time frame. Eséentially, these
are all in the research and development stage, and, while some dis-
cussion of potential environmental impacts is included, it is not
possible to devélop a full discussion due to the lack of necessar& dafa.
The following sections briefly describe the current and short-range

status of each of these potential alternatives.

a. Magnetohydrodynamics

Magnetohydrodynamics (MHD) power generation is a teéhnique for elec-
trical generation which passes -a hot ionized gas, or liquid métal, through
a magnetic field. Such a high-temperature, one-stage conversion device

has the potential of high oﬁerall efficiencies.. Though the concept of
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MHD generation has been known for over 100 years, it is only during
the past decade that significant'techndlogiéal advances have produced
systems which offer’proﬁise for use in the electric powér field. Three
basic approaches to MHD generation are being explored--open-cycle,
closed-cycle, and liquid metal systems.

The MHD open-cycle géneration, used as a "topping unitf in con-
junction with steam~turbine generation, appeafs to hold the most
promise for MHD central-station power generation in the near fufure.
‘Overall system efficiency is expected to increase to a range of 50
to 60 percent, which could provide a fuel saving of 20 to 30 percent
over fossil fuel steam-electric plants. -Generél application of coal-:
fired Mﬁh topping units by the mi&-1980's could effectively extend
fossil fuel reserves and enhaﬁce ghe‘potential for use of coal for
power generétion. Since the MHD generator would require little
cooling water, the combined MHD-steam units would require éonsiderably
less cooling water per megawétt of capacify than céhvention fossil
fueled or nuclear steam-electric hnifs.

Before MHD can be utilized for central power station genération,
there are many significant.technological préblems which must be
éolved. No econqmically practical system has fet been demonstrated
for burning coal or coal-derived fuels. Designs to date have been
sméll scale with.short lifetimes and lower gfficiencies than would
be requi;ed for utility operagién. There are problems of developing
high—temperatu;e electrddes, super—conductivity magnets, sged—regovery
systems, high—temperature metal erosion aﬁ& corrosion.

The characteristically high temperature and gas passage time
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are conducive to fixation of nitrogen so there may be significant NOx
air“qﬁality problems.

MHD research presently is being cbnductgd in the United Kingdom,
France, Gerﬁany, Japan, Poland, the Soviet Union, and the United States.
‘The Soviet Union appears to have made a strong commitment to the devel-
opment of MHD for commercial use. Soviet engineers express confidence
that an open~cycle MHD unit of appreciable power output will be operat-
ing in the 1970's, but there is yet no evidence of proven economic fea-
sibility. A 75-MW combination MHD steam pilot plant (25 NW MHD and 50
MW steam) is being constructed near Moscow. For the present, only a
25-MW portion of fhe plant currently is planned for completion and
operatibn. Japan also has made great strides in échieving the high
field supér-conductivity magﬁets necessary for MHD,

Utility companies, manufacturers, research institutions, and the
U.S. Govermment have been actively involved in MHD investigations since
fhe 1950's. A 1969 Office of Science and Technology report identified
many problem areas in which tresearch and development are needed before
.MHD power system work can proceed to full-scale prototype. " This repdrf_
'recommended that the U.S. Govefnment encburage work on solviné the
difficult problems of coal-buraning open-system MHD systems, and several
related research projects and studies now are in progress.

While MHD appears to offer considerable future potential.fof
" coal-fired power generation, the technologic and economic- uncertainties
are still so great that it c#nnot be considered as a viable alternative
power source by 1980. (For additional detail, see Part 1, Chapter 9
of the Fedéral Power Commission's 1970 National Power Survey Report,

December 1971).
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The iﬁcreaged thermgllefficiency‘would reduce the overall.
amount of fossil fuel requirement per ﬁnit of energy produced, there-
by reducing the related fuel source production environmental impacts
by a like amount. ;The reduced water-cooling requirement would result
in less thermal pollution impacts on water quality. The wide distri-
bufion of coal resources and reduced cooling water demand would be
conducive to 1ocatioﬁqu generation stations near coal resource and
population centers; thereby reducing long-distaﬁce‘electrical energy
transmission reqﬁirements and dependency. Reduced fuel comsumption
would result in a lower volume of noxious effluents than would be
discharged into the atmosphere by a comparablg.capacity of coqvénk
tional-power plants.

There is the pofential-of increaéed NO; problems resulting from
high-temperature operations. This potential for increased emissions
- must be balanced against the lower total emissions resulting from the
higher efficiencies mentioned in the previous péragraph. The increased
coal demand would require a corresponding increase in surface or sub-
surface ‘coal mining with the inherent envirommental impacts of such
mining. There also would be a corresponding increase in the health
and safety hazards to thg.miners engaged in produéing_the a&ditional
coal volumes. lWhile generatofs cou1d be located close to coal
deposits, there would be the additional environmental impacts
associated with transportation from mine to generator, additional
transmission lines, developﬁent and operation of power station sites,

and possible noise problems.

V-174



b. Fuel Cells

Fuel cells are electrochemical devices in which the chemical energy
of fuel is converted continuously and directly to low-voltage,direct cur-
rent electricity. The basic process is similar to that of a battery except
that the fuel cell is an open system requiring a continuous supply of reac-
tants for the production of electricity.- Their ﬁotentiél advantageé ovef
more conventional energy conversion systems are their quiétness, low teﬁp--
erature of operation, minimization of pollution, reiiability, and greater
efficiencies (up to 70 percent). Nearly one and one-half times more elec-
trical energy can be obtained from a ton of coal in a fuel cell system
than fo; a comparable amount burned in a modern conventional power system.

There has been considerable.research énd development of fuel cells
in the United States and Europe. While most of the research in the United
States has been aimed toward develofment for specialized uses in épace
anﬂ military applications, a number of projects also have been directed
to commercial power production applications. Examples of the most prob-
able near-term uses of fuel cells could be storage of energy during periods
of off-peak demand; on-site reserve or emergency power; base-load or
peaking_power supplements to existing electric fower systems; iﬁdivi&ual
home, apartment, industrial or commé;gial complexes tailored to specific
customer needs; and in the transportation field where batteries are now.
used or where electric propulsion could substitute for internal combustion
engines, |

Because of the current necessity for costly metal catalyéts and ré-'

forming and fuel purification processes, the near future of fuel cells,
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even for small power units in a mass mérket, is remoté. General applica-
tion will be feasible only when efficient units_capablé of using impure,
low-cost fuels are developed and when long reliable life units caﬁ be
constructed. Even when such technology is proven, the fuel cell is not
expected to reflace central.power station generation.

To the extent.thgt fuel cells could replace other forms of power
generation, there would be envirommental advantages such as quiétness,
iow operating temperatures, and absence of toxic waétes. Use of fuel

- cells in substations could reduce the need for centfal station power and °
transmission lines. Energy resource source impacts cannot be evaluated

-until probable fuel sources are more adequately identified.

c. Thermoelectric

ﬁhen two dissimilar metals are joined together in the form of a loop
and one of the jﬁnctions is held at hiéher temperatufe, an electric cur-
rent will flow. With possible efficiencies in generator technologf in the
ofder of 30 percent, it appears that overall efficigncies of thermoelectric
systems could not exceed 10. to 15 percent. Short operating lifetimes,
which result from the instability of thermoelectric elements at high
téﬁperatures necesséry'for higher power operation, and un&esiraﬁle'heat
transfé¥ f;oﬁ the,hot fo cold junctiéns; which result in low éfficieﬁcies,
'are_major obstacles to additional progress in development of this electric
energy soufce. Although thermoéiectric generation wili doubtless recei§e

continued attention for special low power applications, it would seem to
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hold little potential for central power station plans in the foreseeable
future. (For additional detail, see Federal Power Commission's 1970

National Power SurVey,'Decémber 1971).

d. Thermionic Generation

When a metal is-hgated, a point is réached where its electrons ac-
quire enough-energy to overcome retarding forces at the surface of the
metal and- escape--boil off. When collected on another cooler metal sur-
'face, electrical energy can be generated by joining the two pieces of -
metal with an external circuit. Since-thermionic generators are anoﬁher
. type of heat engine, their efficiency theoretically is limited to 35-40°
percent. At-presént, efficiencies ranging from 5 to 25 percent have been.
reported for test models. Commercial exploitation of the phenomenon
awaits solution of difficult materials problems related to operations above
3000° F and, in isotopic-fueled devices, radiation damage. The Federal
Power Commission's 1970 National Power Survey indicates that the conqénéus_
is fhat future efforts in thermiohic development during the next decade
will be concentrated in space oriented activities. The principal effort
will be directed to the development of nuclear-fueled systems to be used
as power sources for interplanetary expeditions. . There is little likeli-
hood of thermionics-achieving commercial realization for large-scale gen-
eration within the next several decades. Accordingly, such conversion
systéms do not‘represent‘an alternative energy source in the near future.

The state of;develpﬁment‘is not sufficiently advanced fér an evalua-

‘tion of potential envirommental impacts. Since it is a type of heat

v-177



engine, the associated loss of heat is a potential source of thermal
pollution. Heat sources of fossil or nuclear fuels also would have their

- related environmental impacts,

e. Tidal Energy

Tidal power is a hydroglectric energy source similar to other water
power gources except that it is derived frbm the alternate filling and
emptying of a ba& or estuary that can be enclosed by a dam. Theré are
two major tidal power sites in the United Staﬁes which have significant
potential for such development(ggb) The Bay of Fundy with nine sites,
including many on the Céﬁadian side, has an average potential power
capacity of—approximately'29,000_IW, and Turnagain Bay in Cook Inlet,
Alaska, has an estimated potential power capacity of 9,500 MW. The dis-
tance-frop population centers . makes the Turnagain Bay site doubtful from
an econémic standpoint. If the Bay of Fundy capacity Was.deQéloped with-
half of the production going to Canada and half to the United States, the
total addition to U.S. capacity would be some 15,000 M§J. This would rep-
resent approximately 1.1 percent of generating needs by 1990.

The major technological problem associated with the development to
tidal energy would.be the'need to develop turbiné; able to operate eco-
nomically under low hydrostatic heads (81). Depending upon base load,
gubétitutability, and conversion efficiency factors, such production
could be equivalent to from 0.2 to 0.4 million barrels of oil per day.
Since the overall impact of tidal power on the U.S. energy sdpply would
be minimal, it does nét represent a significant élterpative to the need

to develop other energy sources.
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There would be significanﬁ environmental considerations associated
with the damming and alternate filling and emptying of bay and estuary
areas, such as impacts on sport and commercial fisheries, wildlife, water

quality, recreation uses, other land uses, and aesthetics.

f. Wind Energy

| The power in the ﬁind is the resulf of a mass of air moving at speed
in some particular direction. To capture such power requires placing in
ﬁhe path of the wind a machine which transférs the win& power to the ma= |
chine. There is a wide range of estimates as to what the energy potential
might be--one figure is 20 billion kw at elevations low enough for extrac-
tion by aerogenerators (wind-turbines). This figure reflects an ultimate
potential, but it haé little bearing on the degree to which this resource
can be utilized. Economical power generation requires an average annual
.wind velocity of about 30 mph with nearly stéady.magnitude and direction
and topography in which boundary-layer effects are minimal.

Although there are many locations that appear suitable for aerogen-
erators, their use would be contingent largely on the deyelopment of low-
cost'generators, a site amenable to low-cost installatiop, a favorable
overall wind speed, and an electfic grid capable of profitable use of
interruptible power of this nature. Were it economically feasible to
generate 10 billion kwh per year from wind séurcés, it would reduce
the use of conventiénal fuel by én.amount of four ﬁillion tons of coal,

or the equivalent of other energy sources.
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Wind energy does not appear to be a viable altefnative to tradi-
tional large-scale energy sources at this time as a comsiderable amount
of édditiqnal research and development is required. Even with reason-
able success in such effort, favorable cost-benefit is questionable
because of the high equipmeﬁt costs and intermittent charagteristics
of the power source. However, there are those who feel that substan-
tial electrical energy production is possible now from lower velocity
winds and the use of technology developed in pasf research projects
even though'fhefe ‘has not been majof—activity toward_commercial
development of wind energy for sevefal years (92).

$ince the use of the wind for power generation is a pollution-
free source of electrical gnergy that would replace the need for
fossil fuel or nuclear generation, there would be an environmental
.benefit that would be generally in direct ratio to the adverse enQ
vironmental impacts of the alternative electrical energy genera;ion
source displaced.

The primary adverse énvironmgntal effect would be the aesthetic
effect of a large number of towers wiéh heights of as much as 1,000
feet topped with large generators turned by wind turbines with blades
of'fifty to two hundred feet in length, of possibly even larger,
which ﬁould be in prominent locations. Previous large-scale efforts
have failed due to the structural factors, so tower structures
probably would requife heavy guying. There would be land surface
impacts resulting from the construction and operation of numérous-
generator sites and access thereto. Since each tower would have to

be serviced by transmission lines and related structures to connect
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the wind generation grid into power grids, there could be considerable
environmental disturbance associated with the development and operation

of such lines.

g. Solar Energy

Solar -energy is a source of both héat and electromagnetic radiation.
Althéﬁgh the solar energy &ensity is low, the United States land area
intefcgpts each year-about 600 times its total 1970 energy requirements.
Such heat can be used for elegtricity generation, space heating, cooling,'
and processing of industrial'materials. The electromagnetic properties
of solar radiation produce photosynthetic conversion and storage of ener-
gy in plants and other photochemical reactions which also convert and
store energy.'

The number and range of potential solar applications are extenéive
but the present state of the art is such that energy collection efficien-
cies are low and the requirements for energy storage resulting from the
intermittent nature of the source result in costs that are prohibitive
for general use. A typical 1,000 MW powerplant operafing in a 1,400-
Btu/day solar climate would, with presént techﬁology, requifes 37 square
miles of collector surface (assuming efficiency of conversion of solar
energy to process heat is 30 percent and to electrical erergy is 5 percent).
The many square miles of collector surface that would be required for even
a medium-sized powér genefationffacility would have significant impact on
the land area, its other use or resource valﬁes and on the general
environment. 'There_woﬁld‘be a major aesthetic intrusion in desert areas

which now are generally unmarred by man's activities.
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Such large collector areas and low efficiencies make it unlikely
that solar energy will have any significant imbact as a large-scale
source of power within the next 30 or more years as the eqbnomics are
~ very unfavorable compared to many alternatives. Even é 300 percént in-
crease in the solar cell efficiepcy would not result in power costs that
would be economically acceptﬁBle for general use., A massive-research
and development effort over an extended period of time would be required.
to lower costs, increase conversion efficiency and to achieve acceptable
system performance.

Examples of other types of solar generation potential include float-
ing power_plants'which would use the solar-produced femperéture differen~
tials which exi;t between the uppef and lower levels of Caribbean waters
and the Gulf Stream. A second concept deals with the orbiting of space
vehicles for the purpose of creating central power generdtion. Systems
"such as these have not yet been developed or tested so they do not repre-
sent feasible energy source alternative that can be considered at this -

time.

h, Biologi;al Energy

Organic wastes in the United States are a potential source of energy.
of ‘significant magnitude. Of the annual production which is excess of.2
billion tons, some 880 million tons are organic, moisture-and-ash-free
material. Animal manure is the 1érgest single organic waste; howéver,
othertagricultural wéstes-and urban refuse and commercial waste add sig-

nificantly to the total. Bureau of Mines research (93) has shown that it
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is possible to convert such organic. wastes to oil with a potential of 1.25
barrels of oil per ton of waste. If all of this waste couid be converted
to oil, it would represent over 1.3 billion barrels of oil per year. This
compares with a 1970 petroleum demand of 5.4 billion barrels. However, it
must be recognized that even if this preliminary techmology could be dé-
velofed to commercial feasibility, only a fraction of the organic wastes
could be collected with a réasonable amount of cost and effort for applica-
tion of this process. Nevertheless, its use does have the potential of
providing a significant supplemental source of oil. The process lends
itself to essentially pollution-free operation while at the same time
offering a solution to a portion of the problem of solid waste disposal.
The oil has a low sulphur_contént.and a high heating value. If only
one-half of the organic wasté could be.converted to oil, it could

supply an amount equal to current volume of residual fuel oil now used

for electrical generation.

Preliminary research hasrbeen done in closed, batch autoclaves.
Cgrrently, a continuous unit with a capacitj of 20 pounds per hour is
being operated. |

‘Considerable additional work over a period of years will be required
to move from the present eatly stage research to demonstration operations
at a commercial scale to prove technological feasibility and to develop
adequate economic data. No cost or estimate of probable comﬁercial-écale

production can be made at this time.
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The process lends itself to implemeﬁtation of alwasté conversion
process which will.recycle waste to provide fuel resource values and, at
tbe same time will greatly aileviate many of the critical solid waste
disposal situations confronting the Nation. Water quality problems asso-
ciated with feedlot and agricultural wastes could be mitigated. The need
for land fills or other volume forms of disposal would be greafly reduced
as the solid residue from the précess would consist of the mineral con-

. stituents in the original charge. 1Its qﬁantity would  be small and because
it would be sterile, it would produce no problem as land fiil material.
Since'the process produces a low sulphur oil with high heat value, i;
could replace the need for natural oil productiop with a corresponding
reduction in all of the related epﬁirbnmental hazards of such production.

It is doubtful if production of significant magnitude could be
achieved by 1985 so, pending further research and development, it cannot

be considered a viable alternative at this time.

i, Liquid Hydrogen

The use of liquid hydrogen as an alternative to fossil fuel for ve-
hicular power systems appears to be technically feasible. Hydrogen would |
bé §eparated from oxygen in water by an energy-consuming electrolytic
pfééésé at a_érimary fixed-sfétion energy source, The hydrogen then
woul& be liquified, tfansported and distriButed as fuel.

© Prior to 1958, liquid hydrogen was produced only in small quantities
and was primarily a laboratory curiosity. Owing to demands made by the

space program, facilities were constructed in the United States to produce

V=184



more than 150 tons per day, but costs are relatively high. Cost pro-
jections for the electrolytic production of hydrogen range from a low

of $0.04 per. pound using electrical energy from a large breeder-type'
reactor to abouﬁ $0.12 per pound for other energy-sources. By compari-
son, the present cost to produce gasoline is about $0.02 per pound. 1In
addition to the cost of production of liquid hydrogen, it also is essen-
tial to consider the cost of developing and implementing the process,
storage, transportation and combustion methods. Conversion costs would
be extremely large, so development of this alternative internal combus-
tion engine fuel source could take from.20 to 50 years. Accordingly, it
is not a viable alternative for consideration.within the 1980 time frame.
While use of hydrogen as a vehicle power source has the environmental ad-
vantage of being pollution free because the combustion product is water,
the energy rquirements to separate hydrogen from oxygen are considerable
with correséonding environmental impacts depending upon thé energy soufce

involved.
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C. Combinations of Alternatives

In the interest of clarity of presentatiop, this -analysis has
discussed separately each potential alternative form of energy as a
possible substitute for commercial shalg‘oil production. It is
highly uniikely that there will ever be a single definitive choicé
to be made between any.potential energy-form and its alternatives.
Each may have a role to play; some may make major contributions to
our energy supplies, while others may be subordinated to lesser
rqles. Some alternatives may be developed rapidly; others may
evelve more slowly--perhaps to make a more important contribution
at a later date. Predictions made on the basis of present knowledge
of the'relétive roles of these potential altérnatives and their
respective or combined environmental impacts are a highly subjective.
exercise which must necessarily include éﬂlarge measure of judgment
as to future trends in such variables as the direction and pace of
technological development, the identification of usable resources,
the rate of natural economic growth, and change in our life style.
in actuality, the technology and life style are inseparable, and it
is extremely difficﬁlt to independently analyze one or the other
for the résults to be meaningful.

An effective way to view a complex problem with its cdmponents
and interacting forces is to develop a flow network showing each of
‘the components and the ipteracfions between them. An example qf

such a diagram showing these complexities for energy planning is

given in Figure V-3. This diagram represents an initial framework
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from which to understand a total energy system and is not necessarily
fingl nox complete.

. The various energy subsystems inFeract with one another through
several important linkages. These individual subsystems are rep-
resented by energy consumers and suppliers, environmental factors,
new and improved technology, transportation facilifies, and.legis-
lative actions. Economic considerations would also be an integral
part of the total energy system.- Although this flow network is
“somewhat idealized, it depicts the complicated structure which must
be considered forjeffective energy planning. For example, consider
the commercial deveiopmént of new energ& resoqrceé. As these new
energylsystems enter. the total market flow they will not only
interact with one another bﬁt.will be controlled by environmental
constraints and new and improved technology. At the same time,
existing fuels may become more acceptable by technology improve-
ment in reducing environmental effects, while changes in trans-
portatidn modes inay decrease or increase the.need for fuels. The
changing needs of the energy consumer will largely dictate the
requirements for the amount of energy needed. Government policies
and the dynamic nature of energy demand and supply make the energy
syétem extremely complek. .All energy alfernatives and their com;-
binations should be considered for optimum use within this system,
but this ideal realization will not likely come about in the fore-

seeable future.
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Table V-4 summarizes the pertinent data developed in other sec-
tions of this statement:as to the possible alternatives to ﬁrovide the
energy equivalent to shale 0il development. Examination of this
tablé will facilitate consideration of possible combinations of alter-
natives. it-seems most probable that many of the alternatives out-
lined in the table will be'developed to soﬁe degree. Understanding
of the extent to which théy may replacé or complement shale oil
requires reference to the.characteristics of our total national
energy planning system.

As indicated, there are at least five alternatives'which appear
to be potentially feasible for equaling this energy supply from
0il shale for the 1985 time frame. These are: (1) reduced energy
demand, (2) increased foreigﬁ imports, (3) increased domestic con-
ventional oil and gas production, (4) coal gasification, and (5)
replacement of liquid fuels with equivalent quantities af electricity
generated by coal and/or by nuclear power. -The other alternatives
shown are not considered viable short-term energy replacements
because of limited technology.

Factors most relevant to the issues at hand are as follows:

1. Historical relationships indigate that energy requirements will

grow ét afproximately the same rate as gross national product.

2. Energy requirements can be constrained to some degree through

the price mechanism in a free market or by more Qirect con-
straints. Reduction in energy requirements may be accomplished

through substitution of capital investment in lieu of -energy;
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Table V-5

Incremental Production of Shale 0il
and Alternatives to Shale 0il

Prodﬁction Potential

1/ Not estimated

e

barrel of oil contains 5,800,000 Btu of energy
cubic foot of gas contains 1,032 Btu
ton of bituminous coal contains 26,000,000 Btu

‘Alternative
1980 . 1985
Physical  Btu " Physical Btu
Units (billions) Units (billions)

Shale 0il 250 mb/d 1,450 1000 mb/d 5,800
Imports ‘ _

Crude 0il (Persian Gulf) 250 mb/d 1,450 1000 mb/d 5,800

LNG 1.4 bef/d 1,450 5.6 bef/d 5,800
Reduction in Demand 1/ 1/ 1/ 1/
Traditional Sources

Modification of Natural :

Gas Pricing 1.4 bef/d 1,450 5.6 bef/d 5,800
Offshore 0il Production 200 mb/d 1,160 1000 mb/d 5,800
Onshore 0il Production . '

Elk Hills 250 mb/d 1,450 160 mb/d 930

Price Rise 250 mb/d 1,450 1000 mb/d 5,800

Improved Recovery 1/ 1/ 1/ 1/
Coal (bituminous) 66 m tons/d 1,450 260 m toms/s 5,800
Nuclear 250 mb/d 1,450 1000 mb/d 5, 800
Hydro 250 mb/d 1,450 1000 mb/d 5,800

North Slope 0il
{Trans-Canada PL) 250 mb/d 1,450 1000 mb/d 5,800
Non-traditional Sources
Coal Gasification 90 m tomns/d 1,450 360 m tons/d 5,800
Coal Liquefaction None None 126 m tons/d 1,450
Tar Sands None None None None
Geothermal Steam 250 mb/d 1,450 780 mb/d 4,500
Nuclear Stimulation of o
+Gas Sands 1.4 bef/d 1,450 5.6 bef/d 5,800
‘Note: mb/d = thousand barrels per day
m tons/d = thousand tons per day
bcf/d billion cubic feet per day

Kilowatt hour of electricity output is equivalent to 3, 412 Btu at 100 percent
efficiency (representing replacement of fossil fuel by electricity in end-use),

or 10,582 Btu of energy input at prevailing heat rates (representing replace~
ment of fossil fuels as inputs to electric generation).
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e;g., insulation to save fuel. " Other potentials for lower
energy use have more far-reaching impacts and may be long
range in their implementafion—-they include rationing, altered
transportation modes, and major changes in living conditions
and life styles. Even severe constraints .on energy use can
be expected to only slow, not halt, the growth in enérgy
requirements within the time frame of this Statement.
Energy needs are not monolithic. Solid fuels cannot be used
directly in internal'combustibn engines, for example. Fuel
conversion potentials are sevefely limited in.the short term
although somewhat greater flexibility exists in the longer run
énd generally involve choices in energy-consuming capital
goods (See Section 1II, Part C of this Volume). |

The principal competitive interface between.fuels_is in
electric powerplants. Moreover, the full range of flexibility
in energy use is limited by envirommental considerations.
A broad spectrum of’research and development is being directed
to energy conversion--more efficientrnuclear reéctors,rcoal
gasification and 1iqﬁefaction, liquified natural gas (LNG),

and shale retorting, among others. Several of these should

assume important roles in supplying future energy requirements,

though their future competitive relationship is not yet predic-
table.
Major potentials for filling the gap from domestic resources

are as follows:
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More efficient use of energy

Envi:onmentally acceptable systems which will permit produc-

tion and use of larger volumes of domestic coal.

’

Accelerated exploration and development of all démestic oil
and gas . resources.

- Development of the Nation's oil shale resources.

0f the foregoing; increased domestic oil and gas production
offers considerable possibilities, since indiqéted and undis-
covered domestic resources total some 417 billion barrels of
0il and 2,100 trillion cu. ft. of gas which are estimated to
be producible undef current technology. However, the feasi-
bility of providing adequaté incentive énd reducing the uncer-

tainties inherent in petroleum exploration are not known.

The acceptability of oil and gas imports as an alternative

'is diminished by the following:

- A narrowing gap between costs of foreign and domestic oil.

.- Apparent high costs of liquefying and transporting natural

gas other than overland by pipeline.

- The security risks inherent in plgcing“reliaﬁce for essential
energy supplies on sources which Have demonstrated themselves
to be politically unstable and not unwilling to interrupt
petroleum supplies to exert economic and political pressure

on their customers.
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- The aggravation of unfavorable international trade
and payments balances which would accompany sub-
stantial ipéreases in oil and gas imports.

Potential environmental impacts were discussed separately with
each of their respective alternatives. The net impact of'a.coﬁbi-
nation alternagive.cannot now be predicted, but would be similar to
the total impacts described in the previous sections and be approx-
imately in the same proportion (to the combination impact) as the
alternative is in the alternative mixture.

In view of the foregoing it seems reasonable to postulate
that for some time to come the basic alternative to the prodUctioq
of oné million barrels of shalé 0il would be one million barrels

of imported petroleum (See Section II, Part C of this Volume).
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