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SUMMARY 

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

1. Administrative type of action: 

2. Brief description of action: 

This action would make available for private development up to six 
leases of public oil 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. 

3 .  Summary of environmental impact. and adverse environmental effects: 

Oil 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 ofthe other physical re- 
sources of the areas involved. Impacts 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 environmental.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. 

4. Alternatives considered: 

A. Government development of public oil shale lands. 
B. Change in number and location of tracts to be leased. 
C. Delay in development of public oil shale lands. 
D. No development of public oil shale lands. 
E. Unlimited leasing of public oil shale lands. 
F. Obtaining energy from other sources. 

5. Comments have been requested from the following: 

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

6. Date made available to the Council on Environmental Quallty and the 
Public : 

Draft Statement: September 7, 1972 

Final Statement : August 1973 
i 



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.C. SECS. 4321-4347). ITS GENERAL PURPOSE IS A STUDY 

OF THE ENVIRONMENTAL IMPACTS OF OIL SHALE DEVELOPMENT. 

THE SECRETARY OF THE INTERIOR ANNOUNCED PLANS ON JUNE 29, 1971, 

FOR THIS PROPOSED PROGRAM 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 S W E  DEVELOPMENT. 

THE PROPOSED PROGRAM IS IN CONCERT WITH THE PRESIDENT' S ENERGY 

MESSAGE OF .TUNE 4, 1971, IN WHICH HE 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, igji, AND A 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 ESSENTIALLY UNCHANGED FROM THAT ANNOUNCED ON 

JUNE 29,. 1971, BUT THE PRELIMINARY STATEMENT ISSUED AT THAT TIME 



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 OTHER ENERGY ALTERNATIVES. 

THE DRAFT OF THIS FINAL ENVIRONMENTAL STATENENT WAS RELEASED 

TO THE PUBLIC ON SEPTEMBER 7, 1972. A PUBLIC REVIEW PERIOD WAS 

HELD THAT ENDED ON NOVEMBER 7, 1972. THIS REVIEW PROVIDED IMPORTANT 

INFORMATION UPON WHICH TO EXPAND AND CORRECT, WHERE APPROPRIATE, 

THE DRAFT MATERIAL. 

VOLUME I OF THIS FINAL SET OF SIX VOLUMES PROVIDES 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 I1 EXTENDS THIS STUDY 

FJITH AN EXAMINATION OF ALTERNATIVES TO THE ONE MILLION BARREL PER 

DAY LEVEL OF SHALE OIL PRODUCTION. VOLUMES I AND I1 THUS CONSIDER 

THE REGIONAL AND CUMULATIVE ASPECTS OF A MATURE OIL SHALE INDUSTRY. 

VOLUME I11 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 COLORADO, UTAH, AND WYOMING. 

ITS 'FOCUS IS ON THE SPECIFIC ENVIRONMENTAL 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 

QTHERS IN THE PREPARATION OF THE FINAL STATEMENT, INCLUDING COM- 

MENTS RECEIVED AND THE DEPARTMENT'S RESPONSES. LETTERS RECEIVED 

DURING THE IUIVIEW PROCESS ARE REPRODUCED IN VOLUME V, AND ORAL 

TESTIMONY IS CONTAINED IN VOLUME VI. 



THIS DOCUMENT IS BASED ON MANY -SOURCESOF INFORMATION, INCLUDING 

RESEARCH DATA AND PILOT PROGRAMS DEVELOPED BY BOTH THE GOVERNMENT AND 

PRIVATE INDUSTRY OVER THE PAST 30 YEARS. MANY FACTORS, SUCH AS C W G -  

ING TECHNOLOGY, EVENTUAL OIL PRODUCTION LEVELS, AND ATTENDANT REGIONAL 

POPULATION INCREASES ARE .NOT PRECISELY PREDICTABLE. THE IMPACT ANALY- 

SIS INCLUDED HEREIN IS CONSIDERED TO CONSTITUTE A REASONABLE TREATMENT 

OF THE POTENTIAL REGIONAL AND SPECIFIC ENVIRONMENTAL EFFECTS THAT WOULD 

BE ASSOCIATED WITH OIL SHALE DEVELOPMENT. 

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 

VOLU?IES I AND 11. IF EXPANSION OF THE FEDERAL OIL SHALE LEASING PRO- 

GRAM IS CONSIDERED AT SOME FUTURE TIME, THE SECRETARY OF THE INTERIOR 

WILL CAREFULLY EXAMINE THE ENVIRONMENTAL IMPACT WHICH HAS RESULTD 

FROM TIE PROTOTYPE PROGRAM AND THE PROBABLE IMPACT OF A?? EXPANDED 

PROGRAM. BEFORE ANY FUTURE LEASES ON PUBLIC LANDS ARE ISSUED, AN 

ENVIRONMENTAL STATEMENT, AS REQUIRED BY THE NATIONAL ENVIRONMENTAL 

POLICY ACT, WILL BE PREPARED. 



I AVAILABILITY OF FINAL ENVIRONMENTAL STATEMENT 
i 

The six-volume s e t  may be purchased as  a complete s e t  o r  as  

individual volumes from the Superintendent of ~ocuments,  U. S. 

Government Pr int ing Office,  Washington, D. C. 20402; t he  Map 

Information Office, Geological Survey, U.S. Department of the  
. . 

In t e r io r ,  Washington, D. C. 20240; and the  Bureau of Land Manage- 

ment S ta te  Offices a t  the  following addresses: Colorado S t a t e  

Bank Building, 1600 Broadway, Denver, Colorado, 80202; Federal 

Building, 124 South S ta te ,  S a l t  Lake City, Utah, 84111; and 

. . . . . . . .  . . . .  ....... . . . . . . . . . . .  ..i . .  Joseph C. O'Mahoney Federal Center, 2120 Capital  Avenue, ~heyenne,  
........ . . . . . .  . . *  

I 

Wyoming, 8 200 1. 

Inspection copies axe avai lable  i n  the  Library and the  Office 

of the  O i l  Shale Coordinator, U.S. Department of t he  I n t e r i o r ,  
I 

Washington, D. C . ,  and a t  depository l i b r a r i e s  located throughout 

the  Nation. The Superintendent of ~ocuments may be consulted for  

information regarding the  location of such l i b r a r i e s .  Inspect ion 

copies Me also avai lable  i n  Denver, Colorado, i n  t he  Office of 

the  Deputy O i l  Shale Coordinator, Room 237E, Building 56, Denver 
. . .  

. , 
.-: . :  ..:. :j . . . . . . . . . . . .  , Federal Center, Denver, colorado-80225, i n  a l l  the  Bureau of Land 

. . . . .  

. . . . . .  . . . . .  . . . . . .  ! . . . . . . . .  . . . . . .  
......:..... <! 

.. .. .:., Management S t a t e  Offices l i s t e d  above, arid i n  the  ,following.Bureau 
...:...... . . 

. . . . . .  . . . .  

of Land Management d i s t r i c t  o f f i c e s :  Colorado: Canon City,  Craig, 

Glenwood Spricgs, Grand Junction, Montrose; Utah: Vernal, Pr ice ,  

I 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 President's comprehensive energy program to help 

assure future energy supplies, Interior Secretary   or ton outlined a 
1 / 

concept for a Proposed Prototype Oil Shale Leasing Program (L).- The 

goal of the Department of the Interior's proposed prototype leasing 

program is "to provide a new source of energy for the Nation by 

stimulating the timely development of commercial oil shale technology 

by private enterprise, and to do so in a manner that will assure the 

minimum possible impact on the present environment 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, and 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. 



picture, the subject of substitutability of energy in its solid, 

liquid, or gaseous fonns is discussed, followed by a consideration 

of factors that affect fuels development. A background of the 

petroleum situation, both present and future, is presented followed 

by a consideration of oil shale development possibilities. Alter- 

natives to oil shale production exist in.two broad general categories: 

(1) those that arise from Federal policy actions regarding petroleum 

and natural gas; and (2) those that arise from substituting other 

energy forms for the shale oil that would be produced. Alternatives 

within each of the above general categories are considered as are 

the associated environmental impacts. Combinations of these various 

alternatives are considqred in the last section of this volume. 
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1. Secretary   or ton's Departmental Energy Statement to the Senate 

C d t t e e  on Interior and Insular Affairs, dated June 15, 1971. 

2. Program Statement for the Proposed Prototype O i l  Shale Leasing 

Program. U.S. Department of the Interior, June 1971. 
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11. THE ENERGY SITUATION 

A. The Role of Energy i n  Economic Growth 

Abundant supplies of low-cost energy supported economic growth 

throughout the  h i s t o ry  of t he  United States. Water power was important 

f o r  ea r ly  indus t r i es  i n  New England; coal was important fo r  r a i l r oads  

and indus t r i es  through t h e  ea r l y  pa r t  of t h i s  century; and petroleum has 

supplied much of t he  energy during the  automobile and j e t  age. 

The c lose  cor re la t ion  between energy consumption and gross na t iona l  

product i s  shown i n  Figure 11-1. The 1972 report  of the Council of 

Economic Advisers discusses re la t ionships  between the  GNP and energy 

consumption a s  follows: 

"The growth i n  consumption of fue l s  by automobiles, e l e c t r i c  
generating p lan t s ,  homes, and f ac to r i e s  i s  c losely  associated 
with increases i n  our mater ia l  l eve l s  of l iv ing.  His to r ica l ly ,  
however, energy use has not  grown a s  rap id ly  a s  GNP. While 
r e a l  GNP ( i n  1958 do l l a r s )  rose  from $183.5 b i l l i o n  i n  1930 t o  
$617.8 b i l l i o n  i n  1965, fo r  a compound annual growth of 3.5 
percent, energy consumption rose  from 22.3 quadr i l l ion  b t u ' s  
t o  54.0 quadr i l l ion  btu ' s  during the  same period, an annual 
growth r a t e  of only 2.5 percent. The use of energy per do l l a r  
of GNP (Figure 11-2), therefore,  f e l l  f r o 3  121,503 Etu's i n  1930 
t o  87,400 i n  1965. 

"During t h i s  same period,  energy was becoming cheaper r e l a t i v e  
t o  other goods and services .  While the  p r ice  index of a l l  goods 
and services  ( t he  GNP def la to r )  rose  125 percent during t h i s  
period, the  wholesale p r i c e  index of f ue l s  and e l e c t r i c  power 
rose  only 70 percent. Thus, although energy consumption was 
growing i t  was not  growing a s  rapidly  a s  GNP, and although 
energy p r ices  were r i s i n g  they were not r i s i n g  a s  f a s t  a s  t h e  
pr ices  of other goods and services. 





. . 1930. 1940. 1950 1960 1970 
. . . . . . . . .  . . . .  . . . - . .  I! . - . . , . . . . . . .  ........... .> - ............... . . Figu re  '11-2 - Energy Consumed in the United States per Dollar of GNP? 
. . . . . . . . . .  . . .  . . . . . . . .  i . . . . . . . . .  . . . . . :  1 . . . . . . . . . . .  1930- 1970 in 1958 Dol lars . Source: Statistical Abstract 

. . . . . . . . . . . .  . . . . . . .  . . : . !  . . . . .  . .I 
. . of U.S. ( GNP), Bureau of Mines( Energy) 

Source: S t a t i s t i c a l  A b s t r a c t  o f  U.S. (GNP) 
Bureau of  Mines (Energy) 

Source: Reference (6 ,  pg. 2) 



"Since 1965, however, a sharp upturn i n  the energy-GNP r a t i o  
has occurred. From 87,400 btu's  per do l la r  of r e a l  GNP i n  
1965, the  number rose t o  95,600 i n  1970. While output for  
the  economy as  a whole was growing a t  3.1 percent per year, 
energy consumption grew a t  5.0 percent. This sharp upturn 
i n  energy was associated with a more rapid increase i n  
prices. Prices of fue l  o i l  and bituminous coal, i n  particu- 
l a r ,  rose sharply i n  1970. 

"These developments gave evidence of a t  l e a s t  a short-run 
s h i f t  i n  energy demand and prices. A t  the  same time more 
fundamental changes were occurring i n  the  domestic supply 
picture... discussed i n  d e t a i l  below ... 
"The accelerated growth i n  energy demand r e l a t i ve  t o  GNP i n  
recent years i s  not expected t o  continue. Most observers fore- 
cas t  an annual average growth i n  energy consumption of jus t  over 
4 percent, paral le l ing the expected growth i n  GNP. A comparison 
of ea r l i e r  forecasts and current r e a l i t i e s ,  however, suggests 
t ha t  any assumptions about future  demand and supply must be re-  
garded as  tentat ive,  t o  be modified as  new evidence becomes 
availablett  (l) . 

An analysis (2) of the possible reasons f o r  the reversal  of the trend i n  

the  energy consumption-gross national product re la t ionship found no s ingle  

cause, but suggested tha t  the trend reversal  was due pr incipal ly  t o  a 

combination of three causes: "(a) the  increasing r e l a t i v e  importance of 

nonenergy uses of fuels ,  (b) tapering-off i n  the year-to-year improvement 

i n  thermal e f f ic iency ,a t  cen t ra l  power s ta t ions ,  and (c) the increasing 

r e l a t i v e  importance of a i r  conditioning and elecer ic  heating." That study 

a l s o  found tha t  the reversal  was probablynot due t o  .the increasing im- 

portance of the  service sector i n  the computation of gross national product. 

Another source (2) a t t r i bu te s  most of the  change t o  the  subs t i tu t ion  of 

"e lec t r ic i ty ,  with a thermal efficiency of perhaps 32 percent, f o r  many 

d i r e c t  fue l  uses with eff ic iencies  ranging from 60 t o  90 percent." From 



t he se  r e l a t i o n s h i p s ,  i t  i s  c l e a r  t h a t ,  un l e s s  our  energy-based s o c i e t y  

changes q u i t e  markedly, maintenance. and improvement of t he  ma te r i a l  

! standard of l i v i n g  w i l l  con t inue  t o  demand increased amounts of energy. 

I n t e r i o r  Department p r e d i c t i o n s  (g) e s t i m a t e  t h a t  g ross  energy 

consumption per  1958 d o l l a r  of Gross Nat iona l  Product i s  expected t o  
. . . .  . . . . . . . . . . .  . .  J 

. . . . . :  > . . . . .  . . .  : . . . . . . . . .  ...... :;:;::.:.: ::.:;:,::;:i:;l 
. . . . . .  dec l ine  from 93.0 thousand ~ t u / d o l l a r  o f  GNP i n  1971 t o ,  78.7 thousand 

B tu /do l l a r  i n  2000. This r e p r e s e n t s  a  r e v e r s a l  of t h e  sharp  r i s e  i n  

1970 t o  a  gradua l  downtrend through 2000. 
! . . . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . !  . . . . . . . . .  . . . . . . . . .  , . . . . . . .  

The United S t a t e s ,  which has-  6 percent  of t he  wor ld ' s  popula t ion ,  
. . . . . .  . : .  .: ..:..;.;-..:.! . . . .  . . . .  ? . . . . .  . . . . . . . .  

. . . . .  uses  35 percent  of t he  ener.gy consumed each year  (4) .  Because energy . . . . . . . . . . .  - ..... , .. - .-. : <.: .. ::. 2::. .<.: :.: .I . . . . . . : .  4 _...... _._.., ... -. ....... - .. ................ . . . . . .  ....I consumption i n  o the r  c o u n t r i e s  is  s i m i l a r l y  c o r r e l a t e d  w i th  both,economic 

growth and popula t ion  (Figure 11-3) ,  world. energy consumption may be expected 

t o  r i s e  much f a s t e r  than domestic consumption, a s  world popula t ion  i s  
! 

growing r a p i d l y  and the  economic growth of the l e s s  developed c o u n t r i e s  

i s  r i s i n g  r ap id ly .  For t he  world a s  a whole, per  c a p i t a  energy consump- 

t i o n  i s  r i s i n g  about a  t h i r d  f a s t e r  than pe r  c a p i t a  consumption i n  t h e  

U.S. (2) (Figure 11-4) .  A s  a  r e s u l t ,  the  U.S. s h a r e  of  world consumption 

is  expected t o  f a l l  t o  25 percent  by the  year  2000, bu t  t o t a l  r e q u i r e -  

ments f o r  energy w i l l  i nc rease .  

B.  Enerpy Requirements 

Demand f o r  energy resources  t o  the year  2000 h a s  been p r o j e c t e d  

. by the  Department of t h e  I n t e r i o r  (2) from f o r e c a s t s  t h a t  c o r r e l a t e d  

resource i n p u t s  and demands f o r  f i n a l  market p roducts  wi th  economic ind ica-  
. . . .  ............: i . . . : .  , 
. . . . .  . : . . . .  ... . .':I 
. . 

t o r s  s u c h a s  GNP, popula t ion  p r o j e c t i o n s ,  and i n d u s t r i a l  product ion.  A s  
, 

a r e s u l t  of t he se  s t u d i e s ,  a  convent iona l  o r  base f o r e c a s t  was made hav- 

i ng  the fo l lowing  c o n d i t i o n a l  assumptions: Beyond 1980 GNP was assumed 

t o  grow a t  an annual  r a t e  of 4 percent  (4.3 percent  p r i o r  t o  1980); 



Figure 1 1 - 3  -Relation of Per-Capita Energy Consumption and Gross National Product, Worldwide 
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Figure 11-4 -Trends in Per-Capita Energy Consumption. 
(Note logarithmic scale ) 
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industrial production was based on a'composite growth rate of 4.4 percent; 

foreign trade in energy was assumed to remain at the same relative pro- 

portions as in the past; and evolutionary changes in technologies and 

efficiencies were presumed. In addition, it was assumed that inflationary 

trends will raise the nominal prices of al1,fuels but that fuel prices, 

in general, will rise faster than other commodity prices. Additionally, 
. . 

interconunodity price relationships are expected to shift gradually, 

restructuring the relative price standings of the various fuels. The 

rate of increase in gaseous fuel prices is expected to be about 1.5 times 

the rate to be experienced in petroleum, and about 2.0 times the rate 

expected for coal. 

Table 11-1, United States 'consun~~~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 15.1 million 

barrels per day in .1971 to approximately 35.6 million barrels per day in 

2000. Its share of the total energy input will decline from 44.1 percent 

to 37.2 percent. . Natural gas usage will 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 percent. The compound annual growth 

rate of total grqss energy input is 3.6 percent for the 29-year period 

from 1971 to 2000. 

Some better understanding of what this energy consumption meanscan 

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 e n e r g y / ~ ~ ~  ratio is expected to decline from the 93.0 thousand 



Table 11-1 -United States consumption for energy resources by major sources, 1971, 
actual, with projections to the year 2000 

Petroleum (includes natural gas liquids) 
Million barrels ........................... 5,523 6,340 7,615 9,140 12,985 
Million barrels per day-------------------- 15.1 17.4 20.9 25.0 35.6 
Trillion Btu ............................ 30,492 35,090 42,190 50,700 71,380 
Percent of gross energy inputs------------- 44.1 43.8 43.9 43.5 37.2 

Natural Gas 
Billion cubic feet ........................ 22,050 24,462 26,169 27,537 32,959 
Trillion Btu ---------------------------LL- 22,734 25,220 26,980 28,390 33,980 
Percent of gross energy inputs ------------ 33.0 31.4 28.1 24.3 17.7 

Coal (bituminous, anthracite, lignite) 
H 
H Thousand short tons ...................... 5 10,800 565,000 665,000 . 
I 893,000 1,310,000 
w Trillion Btu ............................. 12,560 13 ,'825 16,140 21,470 31,360 

Percent of gross energy inputs------------ 18.2 17.2 16.8 18.4 i6.3 

Hydropower 
Billion kilowatt-hours--------------------- 266.3 350 420 470 700 
Trillion Btu------------------------------- 2,798 3,570 3,990 4,320 5,950 
Percent of gross energy inputs ------------ 4.1 4.4 4.2 3.7 3.1 

Nuclear power 
Billion kilowatt-hours ------------------- 37.9 240 630 1,130 5,470 
Trillion Btu---------b------------------- 405 2,560 6,720 11,750 49,230 
Percent of gross energy inputs ----------- .6 3.2 7.0 10.1 25.7 

Total Gross Energy Inputs 
Trillion ~ t u  ............................. 68,989 80,265 96,020 116,630 191s900 

Source: Reference (10, pg. 17) 



Btu per 1958 do l la r  t o  approximately 78.7 thousand Btu i n  2000. A t  the  

same time the  gross energy consumption per capi ta  is  expected t o  increase 

from 333.3 mill ion Btu per person t o  686.1 mill ion Btu i n  2000 fo r  an 

average annual growth r a t e  of 2.5 percent., Net energy consumption per 

capi ta  i s  expected t o  increase from 275.4 mill ion Btu i n  1971 t o  500.9 

mil l ion i.n 2000 f o r  an average annual growth r a t e  of 2.1 percent. 

1971 1975 1980 1985 2000 
Gross Energy Inputs 

(Quadrillion Btu) - 1/ 69.0 80.3 96.0 116.6 191.9 

N e t  Energy Inputs 
(Quadrillion Btu) - 21 57.0 65.1 75.9 90.0 140.1 

Population 
( m i l l  ion). 

Gross National Product 
(Millions of 1958 
do l la r s )  739.5 891 1,102 1,343 2,438 

EnergyIGNP Ratio 
(Thousands of Btu 
per 1958 do l la r s )  93.3 90.1 87.1 86.8 78.7 

Gross EnergyICapita 
Ratio 

(Millions of Btu) 333.3 371.4 418.5 479.2 686.1. 

Net EnergyICapita 
(Millions of Btu) 275.4 301.2 330.8 369.9 500.9 

Efficiency Factor 
(Percent) - 31 82.7 81.1 79.0 77.2 73.0 

11 Gross energy inputs  r e f e r s  t o  the  t o t a l  energy inputs t o  a l l  sectors .  - 
21 Net energy inputs r e f e r s  t o  the  d i r ec t  energy going t o  the  Indus t r ia l ,  - 

Transportation, and Household and Commercial sectors  plus e l e c t r i c a l  
energy converted on the  bas i s  of 3,412 Btu/kwhr. 

3/ Refers to  the  overa l l  eff ic iency of conversion of gross energy t o  the  - 
form used by the f i n a l  consuming sectors .  Equal t o  net  energy/gross 
energy . 



. . . .  r . . . . ! A s  s t a t e d  e a r l i e r ,  t h e  f u t u r e  energy requirements a r e  base.d upon a 

v a r i e t y  of fo recas t ing  techniques and the  personal  judgment of expe r t s ,  

e s p e c i a l l y  wi th  respec t  t o  t h e  timing of poss ib l e  t e ~ h n o l o g i c a l  develop- 

ments. Gross na t iona l  product ,  populat ion,  manufacturing i n d i c e s ,  and 

. . j . . . . . . . . . . . .  , 
o t h e r  b a s i c  economic d a t a  were co r re l a t ed  with;energy consumption and any 

. . . . . . . . . . .  

. .>;.,,: .... ,-::.:; :./ 

............. .... : . . . . . . . . .  . . . . . . . . . . .  
I important  and cons i s t en t  t r e n d s  were ex t rapola ted  (6). However, sc ience  and 

technology can and probably w i l l  produce some revolu t ionary  as w e l l  as 

evolu t ionary  technologica l ,  environmental, and economic changes t h a t  

could s i g n i f i c a n t l y  a l t e r  energy supply and demand pa t t e rns .  Such develop- 

. . . .  . . . . . . . . . . . .  , . . . . . . . . . . . .  . . .  . , ments cannot. b e  f o r e c a s t . w i t h  reasonable assurance;  t he re fo re ,  only,evolu-  ............. . . . . . . . . .  . _ . _ . . . .  ...... .%I 
. . . . .  - ,  

t i o n a r y  developments considered a s  l o g i c a l  outgrowths of p re sen t  t r ends  

and e f f o r t s  w e r e  used. Accordingly, t h e  energy demands f o r e c a s t  should 

b e  considered a s  order  of magnitude l e v e l s  t o  provide planning t a r g e t s  

and n o t  as abso lu te  commodity demand p red ic t ions .  

I n  coming yea r s  some energy commodities, notably n a t u r a l  gas,  w i l l  

encounter  supply l i m i t a t i o n s ;  o the r s  w i l l  be  d i s q u a l i f i e d  from some markets 

by environmental r e s t r i c t i o n s .  To t h e  ex tent  t h a t  t h e s e  l i m i t i n g  f a c t o r s  

m a t e r i a l i z e ,  requirements w i l l  have t o  be f i l l e d  by o the r  energy com- 

modit ies .  Petroleum demand i s  e s p e c i a l l y  d i f f i c u l t  t o  p r o j e c t .  For 

i . . . .  . _ . !  : .  .:. . I 

example, t h e  f o r e c a s t  presented i n  Table 11-1 and used a s  t h e  b a s i s  f o r  
. I  . . . . . . . .  

' . '.- ' .  : . . . . . . . . . . .  . . . . . . . . . . .  . . . .  I 
. . . : . . . . .  i . . ,  a subsequent analyses i n  t h i s ,  r e p o r t a n t i c i p a t e s  a petroleum demand of,  

25.0 m i l l i o n  b a r r e l s  2er  day by 1985, whereas o t h e r  cu r ren t  p ro jec t ions  (L) 

show t h a t  o i l  demands i n  excess  of 29 mi l l i on  b a r r e l s  per day a r e  poss ib le .  



C. Subs t i t u t ab i l i t y  of Energy Forms 

The use of energy mater ia ls  can general ly  be considered i n  terms of 

t h e  physical s t a t e  of t heene rgy  source, i . e . ,  s o l i d ,  l i qu id ,  or  gas. 

Thus, though some s u b s t i t u t a b i l i t y  i s  poss ible ,  the  most l i ke ly  subs t i t u t e  

f o r  a l i qu id  energy source mater ia l  w i l l  be another l iqu id  energy source 

mater ia l  wi thin  a 10- t o  15-~ear '  t i m e  frame. The reason i s  obvious. For 

example, l i qu id  petroleum fue l s  a r e  the  most widely used mater ia ls  f o r  

t h e  automobile and these vehicles have a l i f e  of abou't 12 years. Unless 

technological advancement gives energy converters t h a t  w i l l  use other forms 

of f u e l ,  t ranspor ta t ion needs w i l l  be dependent upon l iqu id  energy 

sources from petroleum o r  some other s u b s t i t u t e  t h a t  can be converted t o  

a l iqu id  form, i .e. ,  coal  l iquefact ion o r  o i l  sha le .  

"Mineral Facts and Problems" presents t h e  following discuss ion of the  

po t en t i a l  f o r  a l t e rna t i ve s  t o  petroleum (4): 

"...Petroleum current ly  has a v i r t u a l  monopoly i n  t he  f i e l d s  of 
t r anspor ta t ion ,  organic chemicals, lubes,  and waxes. The sub- 
s t i t u t i o n  of o ther  mater ia ls  f o r  petroleum would not be economi- 
c a l l y  f e a s ib l e  i n  most uses because of the  higher cos t  of raw 
mate r ia l s  and t he  cos t  of equipment conversion. 

"Gasoline has no successful  competitor a s  a passenger car f ue l ;  
however, steam and e l e c t r i c  prime movers, which were u t i l i z e d  
but discarded many years ago, a r e  again  undergoing experimenta- 
t i on .  The use of na tu r a l  gas (compressed o r  l iquef ied)  a l s o  i s  
being invest igated.  =But the  supply s i t u a t i o n  i n  gas appears t o  
be more severe than t h a t  i n  oil.3 The use of e l e c t r i c i t y  a s  
motive power i n  u t i l i t y  vehicles such a s  golf c a r t s  i s  increasing.  

"For some commercial vehic les ,  t rucks and t r a c t o r s  there  i s  com- 
p e t i t i o n  between gasoline,  d i e s e l  o i l ,  and LPG. Diesel  engines 
a r e  used t o  a l imited extent  i n  automobiles. Diesel  locomotives 
have performed so  well  f o r  U.S. r a i l r oads  t ha t  the majori ty of 
t he  roads have converted t o  d i e s e l s  from coal .  I n  av ia t ion ,  j e t  



fue l  i s  replacing gasoline. Liquified na tura l  gas and other 
fuels  a re  possible subs t i t u t e s  for petroleum j e t  fue ls  i n  
supersonic a i r c r a f t .  (However, such subs t i tu t ion  does not 
a l l e v i a t e  the  l iquid f u e l  problem. ) 

"In household, commercial, and indus t r ia l  heating, and i n  the 
generation of steam and (e lec t r ica l )  power, d i s t i l l a t e  and 
residual  fue ls  compete with coal  and na tura l  gas. A competitor 
with growing strength i n  the household heating market i s  
e l e c t r i c i t y ,  which i s  generated from several fue l  sources 
including fue l  o i l .  In  indus t r i a l  and la rge  conrmercial appli- 
cations, pr ice  frequently i s  more decisive than it i s  i n  
domestic or small comnercial uses where convenience and re la ted  
factors  outweigh the  p r i c e  advantages of other  fuels .  

"Air qual i ty  regulat ions is a factor of increasing importance 
i n  fue l  subst i tut ion.  Alternative energy sources a re  being 
discussed a s  possible  subs t i tu tes  for air-pol lut ing petroleum 
fue ls  i n  some uses. Such sources include e l e c t r i c i t y ,  natural  
gas, and nuclear energy." (The conversion of l iquid o r  gaseous 
fue l  t o  e l e c t r i c a l  energy is  a consuraer of energy because of 
the  inefficiency of t he  current conversion techniques. There- 
fore,  any increase i n  e l e c t r i c a l  generation has the potent ia l  
fo r  increasing the demand fo r  l iquid fuels.)  

From the foregoing discussion, it i s  concluded t h a t  energy from 

one form . to  another (for example, na tura l  gas for  gasoline i n  
' 

automobiles) i s  not l i ke ly  i n  the time frame of the projected development 

of o i l  shale  under the prototype o i l  shale leasing program. This document, 

therefore,  i s  organized t o  consider shale o i l  i n  i ts  most l i ke ly  energy use 

form as  a supplement for  the use of petroleum l iquids.  

Other energy forms can be subst i tuted only p a r t i a l l y  fo r  crude o i l .  

Over ha l f  the  demand for  such o i l  is for  t ransportat ion use, for  which 

sa t i s fac tory  large-scale a l t e rna t ives  t o  l iquid fue l s  a re  unlikely during 

the  1980-1985 period. The most commonly suggested a l t e rna t ive  i s  t o  replace 

res idual  o i l  as a fue l  f o r  e l e c t r i c  u t i l i t y  boi le rs  by some other fos s i l  

fue l  or  some other form of e l e c t r i c i t y  generation. Several of the 

a l t e rna t ives  considered would require  such subst i tut ion.  However, use of 

petroleum. fo r  e l e c t r i c i t y  generation i n  1970 was l e s s  than 1 million bar re ls  



per day, arid pro jec ted-  use  f o r  t h i s  purposed i n  1980 is some two 

mi l l i on  b a r r e l s  pe r  day: Thus, s u b s t i t u t i o n  o f .  t h i s  n a t u r e  

e s s e n t i a l l y  would r e q u i r e  removing an  e n t i r e  s e c t o r  of petroleum 

usage, and at a t ime when low s u l f u r  r e s i d u a l  o i l  is being sub- 

s t i t u t e d  f o r  c o a l  t o  gene ra t e  e l e c t r i c i t y .  

It must be kept  i n  mind, however, t h a t  a i l .  f  oms of energy 

supplement one another  i n  t h e  t o t a l e n e r g y  p i c t u r e .  Thus, i f  t h e  

use  of one kind of energy source  m a t e r i a l  i s  f rded  from use  i n  

e l e c t r i c a l  power genera t ion ,  f o r  example, t h e  m a t e r i a l  f r e e d  is 

a v a i l a b l e  f o r u s e  elsewhere i n  t h e  t o t a l  energy p i c t u r e ,  bu t  

o the r  f o r c e s  are set i n  motion t h a t  r e q u i r e  adjustment of mate- 

r i a l s  usage throughout t h e  e n t i r e  eneigy p i c t u r e  (See Figure  V-3 

i n  Sectioa V, P a r t  C o f  t h i s  Volume). The p o s s i b i l i t y  of  reduc- 

t i o n  of demand i s  c o n s i s t a n t  w i th  t h e  a n a l y s i s  i n  S e c t i o n  V. 

D. Fuels  Development and t h e  Environment 

The environmental impact caused by f u e l s  development w i l l  

vary s i g n i f i c a n t l y ,  depending on t h e  energy form t o  be u t i l i z e d .  

A review of t h e  p resen t  s i t u a t i o n  has  been prepared by M i l l s ,  

Per ry ,  and Johnson (2). The i r  review is ou t l ined  i n  Table 11-2; 

p e r t i n e n t  s e c t i o n s  of t h e  t e x t  of t h a t  review a r e  quoted below: 



Table 11-2 - Significant Environmental Impacts: Fuels Development 

Coal . 

Lnpacts on Land Resource 

Energy Source Utilization 

Increased 
Water 
Temp. ' s  

Impacts, on Water Resource 

Production Processing; Utilization 

Furbe& solid.: ' ' Ash, slag 
Wastes disposal 

Impacts on A i r  Resource 

Production Processbg Uti l izat ion 

Acid Mine 
Drainage 

O i l  
H 
I 
F 
lJl  

Uranium 

Natural 
Gas 

Hydro 

Disturbed Disposal of 
Land radioactive 

material 

O i l  
Spi l ls ,  
Trassf e r  , 
Brines 

Disposal Increased 
of radio- Water 
active Temp. s 
material 

Increased 
Water 
Temp. ' s 

Water- Increased I 

Sulfur oxides 
Nitrogen 
oxides 
Part iculate  
Matter 

Carbon. 
monoxide 
Nitrogen 
oxides ' 
Hydrocarbons 

Source: Reference (2, pg. 31) 



"Land use 

"About 3.6 b i l l i o n  tons of  s o l i d  wastes a r e  generated 
each year i n  t h e  U . S .  A g r i c u l t u r a l w a s t e s  c o n s t i t u t e  near ly  
two-thirds of t h e  t o t a l ,  and mineral wastes account f o r  most 
of the  rest.. . . fue ls  account f o r  only 125 mi l l ion  tons,  o r  
about 3% of a l l  s o l i d  wastes generated. 

I t  The l a s t  complete survey of mining operat ions i n  the  
U . S .  indica ted  t h a t , . i n l 9 6 5 ,  about 3.2 mi l l ion  a c r e s  of 
land had been disturbed by su r face  mining. Of t h i s  t o t a l ,  
about 41% resu l t ed  from a c t i v i t i e s  associated with coa l  
production. 

"As y e t ,  only a few t e n t h s  of  1% of the  t o t a l  land a rea  
of the  U . S .  has been dis turbed by surface  mining. Ef fec t s  
of such mining upon the environment, however, vary widely 
and depend upon such f a c t o r s  a s  t h e  type of  mining, charac- 
t e r i s t i c s  of  overburden, s teepness  of t h e  t e r r a i n ,  amount of 
p rec ip i t a t ion ,  and temperature. Where land reclamation is  
not  pract iced,  water po l lu t ion  from ac id  mine drainage and 
silt damage occur...In the  p r i n c i p a l  coa l  mining a reas ,  t h e  
average c o s t s  of  completely reclaiming coal  lands range from 
$169 t o  $362 per acre ,  an average c o s t  of  4 t o  8 cen t s  per 
ton. 

1 I Underground coal  mining can cause subsidence unless t h e  
mining systems a r e  designed t o  prevent d e t e r i o r a t i o n  and f a i l -  
u re  of abandoned mine p i l l a r s .  Underground f i r e s  may weaken 
o r  destroy coa l  p i l l a r s  t h a t  support t h e  surface ,  causing sub- 
sidence wi th  consequent damage t o  surface s t r u c t u r e s .  An 
add i t iona l  t h r e a t  i s  the  poss ib le  col lapse  of bui ld ings  and 
openings of surface  f i s s u r e s  and potholes. 

11 Fuel processing a l s o  con t r ibu tes  l a r g e  q u a n t i t i e s  of 
wastes during t h e  washing of  c o a l  t o  improve i ts  qua l i ty .  
Over 62% of a l l  coal  mined is washed, producing 90 mi l l ion  
tons of waste annually. I f  no t  returned t o  t h e  mine, t h e  
water accumulates i n  these p i l e s  near  t h e  p l a n t  and mine. 
A t  t i m e s ,  these  p i l e s  i g n i t e  and bum f o r  long periods,  thus 
c rea t ing  air  pollut ion.  Rainwater leaches salts and ac id  
from t h e  p i l e s  t o  contaminate nearby streams. 

I I U t i l i z a t i o n  of coal  a l s o  produces s o l i d  waste i n  the  
form of ash and s lag .  About 30 mi l l ion  tons of  these  mate- 
r i a l s  a r e  co l l ec ted  each year ;  an estimated 8 mi l l ion  tons 
a r e  discharged i n t o  the  atmosphere. 

I 



11 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 sniall 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-48% 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. 

I I In processing uranium ores, some of the potentially 
hazardous radioactive 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. 



"Onshore o i l  production, except f o r  accidenta l  occur- 
rences, does not  present  any d i f f i c u l t  pol lu t ion problem. 
Nevertheless, nearly th ree  b a r r e l s  of b r ine  must be disposed 
of f o r  every b a r r e l  of o i l  produced. Accidental p o l l u t i o n  
may occur from blowouts of w e l l s ,  dumping of oil-based 
d r i l l i n g  muds, o r  losses  of o i l  i n  production, s torage ,  o r  
t ranspor ta t ion .  Methods must be found f o r  t h e i r  prevention . 
and control .  S p i l l s  and discharges from tankers are a l s o  
important. However, t h e  g r e a t e s t ,  i f  less dramatic, problem 
is t h e  contamination of inland waterways and harbors r e s u l t -  
i n g  from t r a n s f e r  of o i l  between o r  from vessels .  

"Thermal Pollut ion 

"By f a r  t h e  most important water problem r e s u l t i n g  from 
f u e l  use i s  thermal pol lu t ion.  Over 80% of a l l  thermal pol- 
l u t i o n  a r i s e s  from t h e  generation of e l e c t r i c i t y .  The amount 
of heat  re jec ted  t o  cooling water represents  45% of t h e  heat- 
i n g  value of t h e  f u e l  used i n  t h e  most e f f i c i e n t  f o s s i l  f u e l  
p lan t s ,  and 55% i n  nuclear  p lan t s .  I f  projected use  of elec-  
t r i c i t y  is  accurate and i f  nuclear  energy, a s  expected, 
suppl ies  nearly 50% of t h e  e l e c t r i c i t y  demand, more than 10 
times a s  much heat  w i l l  be r e j e c t e d  t o  turbine  cooling water 
i n  2000 a s  is  being re jec ted  now. Even with g rea t ly  increased 
use of brines o r  seawater f o r  cooling, t h e  demands f o r  f r e s h  
cooling water w i l l  be l a r g e r  than i ts  supply. 

" A i r  pol lu t ion 

"Nearly 80% of a l l  a i r  po l lu t ion  i n  t h e  U.S. i s  caused by 
fuel,combustion. About 95% of a l l  s u l f u r  oxides, 85% of a l l  
n i t rogen oxides, and over ha l f  of t h e  carbon monoxide, hydro- 
carbons, and p a r t i c u l a t e  matter  a r e  produced by f u e l  use: 
Management of f u e l s ,  theref  ore ,  i s  c r i t i c a l  f o r  t h e  minimiza- 
t i o n  of t h e  na t ion ' s  air po l lu t ion  problems. 

"The most competitive market f o r  f u e l s  i s  t h e  generat ion 
of e l e c t r i c i t y .  Not only do t h e  f o s s i l  f u e l s  compete with 
each other ,  but  they a l s o  compete with hydropower and, more 
recent ly ,  with nuclear  energy. Obviously, from an a i r  pollu- 
t i o n  standpoint,  hydropower is  t h e  pe r fec t  method of e l e c t r i c -  
i t y  generation. During the  generat ion of e l e c t r i c i t y  from 
f o s s i l  fue l s ,  production of oxides of ni trogen or  carbon 
monoxide i s  not g rea t ly  d i f f e r e n t  f o r  any of t h e  f o s s i l  f u e l s  
used. The production of e l e c t r i c i t y  using n a t u r a l  gas pro- 
duces no s u l f u r  oxide emissions, but  t h e  use of coa l  and 
res idua l  o i l  i n  e l e c t r i c  generat ing p l a n t s  is  the  source of 
74% of a l l  the  oxides of s u l f u r  emitted i n t o  the  air.  



"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 bum efficiently and is ususally burned in large equipment 
at high temperatures. Because of these two factors, indus- 
trial use of oil 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 1argest.use of oil is for gasoline to power the 
nation's 100 million vehicles. About 42% of each barrel of 
oil is used in this manner. If we include diesel and jet 
fuels, about 54% 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 would 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." 



E. References. Cited 

1. Economic Report of the President, transmitted to the Congress, 
January 1972, with the Annual Report of the Council of Eco- 
nomic Advisers, Washington, Government Printing Office, 1972, 
pp. 118-119. 

2. Netschert, Bruce C. (Vice President, National Economic 
11 Research Associates, Inc.), Energy Consumption and Gross 

National Product in the United States: An Examination of a 
Recent Change in the  elations ship," a special report pre- 
sented to the House Republican task force on energy resources, 
entered in Cong. Record, July 15, 1971, pp. E7702-E7707, by 
Hon. James A. McClure. 

3. Cook, Earl, "'?he Flow of Energy in an Industrial Society," 
Sci. Am., v. 224, No. 3, September 1971, p. 137. 

4. Starr, Chauncey, "Energy and Power," Sci. Am., . .v .  224, No. 3, 
September 1971, p.. 40. 

5. Pages 37 and 40 of work-cited in footnote 4. 

6. Taken from United States Energy: A Summary Review U.S. 
Department of the Interior, January 1972. 

7. National petroleum Council U.S. Energy Outlook, A summary 
Report Nat. Petrol. Council, December 1972,' Appendices. 

8. Bureau of Mines Mineral Facts and Problems 1970 ed., Bull. 
650, 1970, p. 162. 

9. Mills, Alex G., Harry R. Johnson, and Harry Perry, "Fuels 
Management in an Environmental Age," Environmental Sci. and 
Technol., v. 5, No. 1, January 1971, pp. 31-34. 

10. Dupree, Walter G., Jr. and James A. West, "United States 
Energy Through the Year 2000," U.S. Department of the 
Interior, December 1972. 



....... . . . .  j . . . . . . . .  . . . . . . . .  . . . . .  . . . . . . . . . .  . . :..:I I1 I. PETROLEUM 
................ . . . . . . .  . . 

/ In.1970 the United States consumed petroleum products at an 
! 

average rate of 14.7 million barrels per day. Petroleum comprised 

44 percentof our national energy supply, including almost all- of 

our transportation fuel, 45-percent of energy used in households 

and commercial establishments, almost a quarter of our industrial 

energy, and 13 percent of the energy input of electric power 

stations. 
. . .  . . . .  . . . . . . . . .  . . . .  .-i . .  . . . . ,  . . . . . . . . . . .  . . . . .  _ . . . : :  I . . .  , . . . . . . . .  . . . . . .  ...I . . 

Precise estimates of future petroleum requirements are dif f i- 
. . . . . . .  

i 

........ . . . . . . . . .  
.... 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 

I 

projections of demand approximate 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. 

Variables 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 
I 

limitations in supplies of natural gas. In the longer term, other 

important unknowns must be considered such as technological 

. . advances in nuclear energy, and the use of coal in the production 

of synthetic oil and gas; Federal regulatory policiesas they 

relate to oil and natural gas; and changes in cost relationships 

and life styles which may appreciably affect energy requirements. 

The latter include possible major shifts in transportation 



pat te rns ,  such a s  greater  dependence on mass t r a n s i t  and a possible 

trend toward smaller and more e f f i c i en t  ca rs ,  and po ten t ia l ly  a s h i f t  

f romin te rna l  combustion engines i n  motor vehicles i n  the  i n t e r e s t  

of environmental qual i ty  improvement. 

Within the  probable range of future  U.S. o i l  .requirements, one 

conclusion seems obvious. Even with a major increase i n  domestic 

petroleum finding and producing e f fo r t s ,  the United S ta tes  w i l l  be- 

come increasingly dependent on other nations f o r  o i l  supplies.  

Ultimately, production of synthet ic  o i l  from shale,  coal ,  o r  t a r  

sands may contribute t o  domestic self-sufficiency; but before these 

sources can begin t o  make s ignif icant  contributions,  we may become 

dependent on foreign sources f o r  a s  much a s  half  of our petroleum 

supplies.  This estimate of dependence assumes t ha t  we w i l l  be able  

t o  maintain domestic petroleum production near i t s  present level .  

Some industry analysts  have questioned our a b i l i t y  t o  sus ta in  these 

ra tes .  The l e s s  opt imis t ic  an t ic ipa te  a decline of about 30 percent 

i n  production from 1970 t o  1985. 

An estimated 2.8 t r i l l i o n  bar re l s  of crude petroleum and more 

than 200 b i l l i o n  bar re l s  of natural  gas l iqu ids  occured or ig ina l ly  

i n  place i n  the  ear th  within the  United S ta tes  ahd i t s  offshore 

areas. About one-half of these resources a r e  offshore,  and of t h i s  

portion,  about half  are  i n  water depths greater  than 200 meters. 

However, only 171 b i l l i o n  bar re l s  of petroleum offshore and 246 

b i l l i o n  onshore a re  estimated t o  be recoverable under current 

technological and economic conditions- -once they have been found. 

(See Figure 111-1.) Proved reserves of crude petroleum and 



Figure - U. S. Crude Oil Resources ( Billion borrels) 

Source: Reference (2, pg. 16) 



of n a t u r a l  gas l i q u i d s ,  both on and offshore,  amount t o  39 b i l l i o n  and 

7.7 b i l l i o n  b a r r e l s ,  respect ively .  Included a r e  9.6 b i l l i o n  b a r r e l s  of 

crude petroleum reserves on Alaska's North Slope. Reserves in the 

lower 48 States declined in recent years. About 4 bi l l ion  barrels 

of petroleum l iquids were produced in the k i t e d  States in 1971. 

The ra t& of reserves t o  production in the lower 48 States has fal len 

t o  about 8.8 f o r  crude o i l .  

A. Components of Demand f o r  Petroleum 

  able 111-1 shows petroleum consumption by major products and by major 

consuming s e c t o r s  i n  1968. The following discuss ion of current  consump- 

t i o n  pa t t e rns  i n  t h a t  year i s  taken from Bureau of Mines 1970 Mineral 

Fac t s  and Problems (I.): 

"About 90 percent of the  petroleum products consumed i n  t h e  
United S t a t e s  i n  1968 were used t o  produce energy i n  the form 
of heat and power. Such products included motor and av ia t ion  
gasol ines ,  d i s t i l l a t e  f u e l s ,  res idual  f u e l s ,  l iquef ied  petroleum 
gases,  j e t  f u e l s ,  kerosene, and petroleum coke. The remaining 
10 percent consisted of products used f o r  nonenergy purposes 
and included petrochemical feedstocks, a s p h a l t ,  road o i l ,  so l -  
vents ,  coke, lubr ican t s ,  waxes, and miscellaneous products. 

"The 1968 demand f o r  petroleum products by major consuming 
s e c t o r s  i s  shown in . . .  Table 111-1 ... A breakdown of product demand 
on a percentage b a s i s  by energy and nonenergy uses i s  shown i n  
Table 111-2. 

"Approximately 66 percent of the  nonenergy products was consumed 
i n  t h e  i n d u s t r i a l  sec to r  for.making petrochemicals, i n  aluminum 
manufacturing, a s  lubr ican t s  and waxes, and f o r  other purposes; 
29 percent was used i n  the  commercial s e c t o r  i n  the  form of a s -  
phal t  and road o i l ;  and 5 percent was consumed a s  lubr ican t s  i n  
t h e  t r anspor ta t ion  sec to r .  



Table 111-1 

petroleum mllsumption by major products and by major consuming settors 1 in 1968 P 
Electricity 

Houxhold pnd neneration. Mixellaneous and Total domestic 
comrnerclal Industrial Transportation P utilities unaccounted for producta demand 

Million Trillion Million Trillion hlillion Trillion Million Trillion Million Trillion Million Trillion 
harr-1. Btu hamls Btu barrrls Btu barnla Btu bamls Btu barrels Btu 

Fuel and . . . .  ~i~ue&~:s-cs ............ 171.1 686.3 208 83.4. 30.0 120.3 ... 3.4 13.7 225.3 903.7 
Jet fuel (kerosine and . . . . . .  na htha typer) ... 348.3 1.938.0 . . . . . . . . . . . .  348.3 1,938.0 . . . . . . . . .  CaroLne ........ :::::::::: 1:: ... 1.955.8 . 10264.8 ... 1.9558 10.264.8 ... Kerosine .................. 78.7 4462 . 2 i5  133.2 .9 5.1 103.1 584.5 ............. Distillate fuel 555.0 3.232.8 61.3 357.1 2ii.9 1,240.1 "3.0 175 305 177.7 862 7 5 025.2 . . . .  . .............. . Residual fuel 196.0 1,232.3 171.0 1.075.0 127.9 804.1 185.0 1,163.1 679:9 4274.5 . . . . . .  Still qas ..... :. . . . . . . . . . . . . . . . . . .  149.8 898.8 . . .  . . . . . . . . .  149.8 898.8 . . . . . . . . .  . . . . . .  Petro eum coke . . . . . . . . . . . . . . . . . .  54.2 326.5 . . .  54.2 326.5 

................... Total 1,000.8 5,597.6 480.6 2 . 8 8 0  

Raw material: . . . . . . . . .  . . .  Special naphthas . . . . . . . . . . . . . . . . .  27.0 141.7 27.0 141.7 ... 
Lubes* and waxa 28.5 1705 24.1 146.2 . . . . . . . . . . . .  52.6 316.7 . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . .  ... Petroleum coke . . . . . . . . . . . . . . .  22.1 133.2 22.1 133.2 

... . . . . . .  . . . . . . . . .  Asphalt a d  road oil ...... 148.2 9G.5 ... >.. 148.2 9835 
Petrochemical feedstock 

ontake:, . . . . . .  Liquefied refinery e s  . . . . . . . .  465 186.5 . . . .  . . . . . . . . .  465 1865 
Liquefied petroleum . . . . . .  gas0 . . . . . . . . . . . . . . . . . .  113.9 456.9 ... . . . . . . . . .  113.9 456.9 . . . . . .  Na htha (-400°) . . . . . . . . . . . . .  55.6 2918 ... . . . . . . . . .  55.6 291.8 

. . . . . .  S$lr . . . . . . . . . . . . . . . . . . . . .  9.8 58.8 ... . . . . . . . . .  9.8 58.8 . . . . . .  ... aneous (+400°). . . . . . . .  275 160.2 . . . . . . . . .  275 160.2 

. . . . . .  Total ............... I482 983.5 330.9 1,599.6 24.1 146.2 503.2 2.729.3 . . . . . .  
Miscellaneous and unaccounted . . . . . .  . . . . . .  for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 17.9 98.8 17.9 98.8 

Total domestic product ............... demand 1,149.0 6,581.1 8115 4,473.6 2.699.0 14,5135 188.0 1,180.6 52.7 295.3 4.900.2 27.044.1 

P Preliminafv. 
1 Includes I~quefied refin?. gaa and natural R ~ S  liquids. 
* lncluda bunken and ma tnry tranrponation. 
3 Includes some fuel and power ou by raw material indust~ier. 
&Lubricants arc distributed equally between the Indusa~al and Transportation secton. 
5 Includes LP gy for rynthetic rubber. 

Source: Reference (A, pg, 158) 

Table 111-2 

Sector 1967 1968 
Energy uses (fuel): 

Housellold and commercial .......... 20.5 
Industrial . . Transponatior; " 108 20.4 ..................... 

54.5 9.8 
Electriciiy genemi& '"iiliii;; ': : :: :: 1: 3 5  

54.6 
Not m i f i e d  ....................... .7 3.8 

Honenergy uses: .7 
Pelrochemi-1 feedsloch ............. 5.1 
Other 

4 6  
5.2 .............................. 

Mixdlaneous and unaccounted for ...... 
:3. 

5.1 - - .4 Total ............................ 100.0 100.0 

Table 111-3 

Growth rate 1964 
Product to 1968. in;lusive 

( p e m t )  
Liquefied gavs (fuel use) ........................ 6 5  
Jet fuel ........................................... 12.7 

................... ..................... Gasoline :. 3.9 
Motor ........................................ 4.3 
Aviation ...................................... -9.5 

Kerosine .......................................... 1.9 
Distillate fuel 2.9 ..................................... 
Residual fuel ........................................ 4.8 
Still 's (fuel use) ................................. 3.0 
~ e t m r u m  coke ................................... 1.9 
Special naphthas .................................. 3B 
Lubricants and waxm .............................. 2.1 
A3phalt and road oil ................. :. ............ 3.6 
Petrochemical feedstocks ........................... 10.2 
Mixcllaneous and unaccounted for ................. 1.8 

Total product demand ....................... 4.5 

Source: Reference (1, Pg. 150) 



"To f a c i l i t a t e  discussion of uses ,  the  trends i n  product con- 
sumption a r e  indicated i n  Table 111-3,...which includes annual: 
compound growth r a t e s  f o r  the  major products used during the  
5-year period ending with 1968. 

"Gasoline and d i e s e l  o i l  ( d i s t i l l a t e )  a r e  consumed primari ly a s  
f u e l  i n  mobile and s t a t ionary  engines. By f a r  t h e  l a r g e s t  use 

, i s  f o r  t r anspor ta t ion  purposes, including automobiles, t rucks ,  
buses, t r a i n s ,  a i r c r a f t ,  sh ips ,  and t r a c t o r s .  Gasoline makes 
up almost three-fourths o f - t h e  f u e l s  used i n  t h e  t r anspor ta t ion  
sec to r .  The overa l l  growth'rate of gasoline has been cur ta i l ed  
a s  a r e s u l t  of the  decl in ing use of av ia t ion  gasoline.  

"Jet f u e l  has had the  highest growth r a t e  of a l l  the  petroleum 
f u e l s  i n  recent  years. Nearly a l l  jet f u e l  used i n  domestic 
commercial a i r c r a f t  i s  the  kerosene type. The m i l i t a r y  uses pre- 
dominantly the  naphtha type, which may be various blends of gaso- 
l i n e ,  kerosene, naphtha, and d i s t i l l a t e  fue l s .  

" D i s t i l l a t e  f u e l  o i l  f o r  home and commercial heating has been 
l o s i n g  i t s  share  of t h e  heating market t o  na tu ra l  gas and e lec-  
t r i c i t y .  The demand f o r  r es idua l  f u e l  o i l ,  used f o r  heat ing 
l a r g e  bui ld ings  and e l e c t r i c i t y  generation,:has been increas ing 
a t  a f a i r l y  rapid r a t e  s ince  1964, mostly a s  a r e s u l t  of use  by 
e l e c t r i c i t y  generat ion u t i l i t i e s .  U t i l i t y  use of r es idua l  f u e l  
o i l ,  i ns tead  of coal ,  increased s u b s t a n t i a l l y  i n  the East a f t e r  
import con t ro l s  were relaxed and a i r  pol lu t ion r e s t r i c t i o n s  were 
e f fec ted  i n  some areas .  The s a l e  o f . f u e l  o i l  f o r  heat ing and 
steam generat ion depends t o  a g rea t  extent  on low-cost t ranspor ta-  
t i o n  from t h e  re f ine ry  o r  por t  of en t ry  t o  the  marketing areas .  
Thus, t h e  markets f o r  these  f u e l s  a r e  near coas t s ,  t h e  Great Lakes, 
and the  major waterways, such a s  t h e  Miss iss ippi ,  Ohio, I l l i n o i s  
and Hudson, and near r e f i n i n g  centers .  

"The l iquef ied  petroleum gas (LPG) f u e l s  a r e  used f o r  cooking 
and heat ing i n  mobile homes and t r a v e l  t r a i l e r s ,  and i n  a reas  
where n a t u r a l  gas or  a i l  a r e  not  r e a d i l y  ava i l ab le .  They a r e  
used f o r  many types of t r anspor ta t ion  including passenger c a r s ,  
buses,  and trucks.  I n  add i t ion ,  LPG is used extensively on farms 
f o r  brooders, f o r  flame c u t t i n g  and weeding, barn heating,  crop 
drying,  i r r i g a t i o n  pumping, t r a c t o r  and t ruck power, and poultry 
sca lding and waxing. The growth r a t e  of LPG i n  recent  years  has 
been second (among energy uses) only t o  t h a t  of j e t  fue l .  

"The p r i n c i p a l  raw mater ia l  use of petroleum i s  a s  a base input  
o r  feedstock f o r  t h e  production of petrochemicals ... 



11 Raw m a t e r i a l s  used i n  t h e  syn thes i s  of organic  chemicals 
inc lude  e thylene ,  ace ty lene ,  propylene, and butylene ( a l l  
derived from l i q u e f i e d  gases) ,  and naphtha, benzene, toluene,  
and xylene. 

"Major petrochemical  products a r e  ammonia, carbon black,  syn- 
t h e t i c  rubber ,  p l a s t i c s  and r e s i n s ,  and s y n t h e t i c  f i b e r s .  

"Asphalt and road o i l  c o n s t i t u t e  t h e  second l a r g e s t  use of  
petroleum as raw material. Asphalt  i s  used extens ive ly  f o r  
paving roads,  making sh ing le s  and o t h e r  bu i ld ing  materials, 
waterproofing, and miscellaneous purposes. Its growth r a t e  
i s  governed t o  a g r e a t  ex ten t  by both highway cons t ruc t ion  
programs and gene ra l  bui ld ing  a c t i v i t y .  

"An important b u t  slow-growing use  of  petroleum is f o r  l u b r i -  
cants .  The growth rate has diminished i n  r ecen t  years  wi th  
improvements i n  l u b r i c a n t  q u a l i t y ,  i nc reas ing  use  of turb ine-  
type  engines, and improved bearings.  

"The p r i n c i p a l  u s e s  of  petroleum coke a r e  f o r  r e f i n e r y  f u e l  
(71 percent )  and making e lec t rodes .  , Almost 12 percent  of  t h e  
1968 coke demand was consumed as e l e c t r o d e s  i n  alumina reduc- 
t i o n  p l an t s .  Another important use  i s  f o r  e l ec t rodes  i n  ' 
e l e c t r i c  motor brushes.  Approximately 25 percent  of  coke 
production was exported,  mostly t o  Japan, Canada, and Europe. 
The high s u l f u r  content  of some petroleum coke renders  i t  
u n f i t  f o r  many uses.  

"Miscellaneous u s e s  o f  petroleum inc lude  so lven t s ,  chemicals 
( o i l  base) ,  wax products ,  pharmaceuticals,  i n j e c t i o n  of LPG 
i n t o  o i l  r e s e r v o i r s  f o r  secondary recovery purposes, p r o t e i n  
syn thes i s  and a wide v a r i e t y  of s p e c i a l t y  uses.  Wax consump- 
t i o n  is now t u r n i n g  upward a f t e r  s e v e r a l  yea r s  of slump, and 
is regain ing  some markets i n  car ton  and paper  coa t ing  it had 
l o s t  t o  t h e  p l a s t i c s  industry." (1) 

Table 111-4 shows petroleum consumption by s e c t o r  i n  1970 

wi th  National  Petroleum Council (NPC) p r o j e c t i o n s  f o r  1975, 1980, 

and 1985. Comparison of Table 111-4 with Table 111-1 is d i f f i c u l t  

because Table 111-4 shows an."other" category which does not  appear 

i n  Table 111-1. Nevertheless ,  some marked d i f f e r e n c e s  i n  r ecen t  

growth r a t e s  a r e  apparent .  From 1968 t o  1970, whi le  petroleum 

consumption grew s l i g h t l y  l e s s  than 10  percent ,  consumption i n  t h e  

u t i l i t y  s e c t o r  r o s e  76 percent  due t o  the  r ap id  s h i f t  from c o a l  t o  

low-sulfur r e s i d u a l  f u e l  o i l .  



Table 111-4 

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

AAI % 
19 7 0 1975 19 80 1985 1970-85 

Transportat ion 7,838 9,647 11,774 13,801 3.8 

Residential/Commercial 2,607 2,898 3,104 3,299 1.6 

Industrial 1,500 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 (2, pg.  1 7 )  



NPC pro jec ts  t ha t  t he  demand by u t i l i t i e s  and the  .demand f o r  o i l  

a s  petrochemical feedstocks w i l l  increase a t  a f a s t e r  r a t e  than other  uses, 

but t ha t  t ranspor ta t ion  w i l l  continue t o  claim approximately 53 percent 

of petroleum demand. 

 able. 111-5 shows Bureau of Mines contingency forecas ts  of components of 

consumption i n  the  year 2000. Note tha t  i n  each case, t ranspor ta t ion  use 

i s  expected t o  become increasingly dominant, r i s i n g  5rom 55 percent of 

a l l  petroleum uses i n  1968 (Table 111-1) t o  74 oercent i n  the  low demand case 

o r  69 percent i n  the forecas t  base case (Table 111-5). Only i n  the high de- 

mand case (45.0 mi l l ion  b a r r e l s  per day) would the  t ranspor ta t ion  sec to r  

consume a smaller f r ac t ion  (48 percent) of petroleum than i t  d id  i n  1968. 

B. Petroleum Supply 

U.S. demand f o r  o i l  is growing much f a s t e r  than the  ava i l ab le  domes- 

t i c  supply. Exploratory a c t i v i t y  has been decl ining s ince  1957, which 

has led t o  a s imi lar  dec l ine  i n  discoveries'. Additions t o  proved reserves 

have been l e s s  than withdrawals i n  6 out of the  past  10 years ,  and our 

a b i l i t y  t o  produce o i l  decli-ned in '  1968, 1969, 1970, and 1971. The United 

S ta t e s  could have supplied, without imports, a l l  of i t s  requirements f o r  

petroleum from domestic f i e l d s  u n t i l  1967. We a r e  now some 1.5 mi l l ion  

b a r r e l s  per day shor t  of being ab le  t o  do so, and dependence upon foreign 

sources i s  increasing so  t h a t  an addi t ional  750,000 b a r r e l s  per day must 

be imported with each passing year. 



Table 111-5 

~Peuoleum c?nsumption by-major products-and by major caruuming sectom 1 
. . year 2000. forecast hsc . . .  

Household and generation. Eleclricity Total domestic 
commerc~al Industrial Tnnspoitation * utilitiu product demand 

Million Trillion Million Trillion Million Trillion Million Trillion Million Trillion 
barrels Btu barrels Btu barrel* Btu barrels Btu barrels Btu 

. . .  
Furl A d  nnwer: 

fiemall 
Distillate luer .............................. 
Residual fuel ............................... .. Still grs ................................ ;. 

Raw material: 
Special naphthas ............................ 
Lubes and wax- ............................ 
Pctmlt ........................ Asphalt and mad oil 
Pcuochemical fcedstock offtake: 

....................... ................................ .................. 

- -. . -. . - . - . . -- . 
Liquclield gasm ............................ 30 121 40 160 75 300 . . . . . .  145 581 
Jet fuel (kerosine and naphlba t m u )  .......... . . . . . . . . .  1,127 6.284 . . .  1,127 6.284 Caroline ...................................... 4.665 24.482 4.665 24,482 . . . . . .  ... . . . . . . .  
Keroaine ................................... 6 34 12 68 . . .  18 a02 Distillatefuel .............................. 38 ,225 130 757 500 2.9ii "4 '24 672 3.915 Residual fuel ............................... I8 I14 271 . 1 704 200 . 1257 135 837 622 3,912 ..... Still P, ................................ ;. ... 291 1:748 . . . . . . . . . . . .  291 1.748 Pekro eum coke ................................ ... 103 617 ... . . . . . . . . .  103 . 617 

Total .................................... 92 494 847 5,034 6.567 35.236 137 861 7.643 41,645 

Raw material: 
Special naphthas ............................... ... 84 439 ... 
Lubes and wax- 84 439 

50 299 60 364 ::: ::: 110 663 ............................... ... 
Pctmleum coke ................................. 120 . 712 . . . . . . . . . . . .  120 722 

..... ... Asphalt and mad oil :. ................. .226 l j i k  2 2 6 .  1806 . . . . . . . . . . . . . . . .  Pcuochemical fcedstock offtake: 
Liquefied refinery ~ a a  P;i . . - . - . . . . . . . . . .  .......a. ... .................. . . . . . . . . . . . .  ............................ , . 6.576 . . . . . . . . .  1.44; 6.576 1 ................................... . . . . . . . . . . . . .  ... ..................... ... ... ... .~ . . . . . . . .  ... 

. . . . . . .  ................................ Total 226 1806 1,698 8.036 60 364 1.984 9.906 

........... Total domcstic product demand 318 2.000 2.545 13.090 6.627 35,600 137 861 9,627 51.551 

~ I n c i u d a  lit~ucfied refinery and nalunl ga8 liquid.. 
* Includes bunken and military transponation. * Include8 wme fuel and power uw by nw material industries. 

1ndud.u LP sas for synthetic ~ b k .  

-Petroleum coasumption by major products and by major c o d g  sfct~ctola 

Electriaty 
Hourehold and pncntion, Total domutic 

Commercial Industrial ' Tnnsponation utilitia product demand 

hiillion Trillion Million Trillion Million Trillion Million .Trillion Million Trillion 
barrels Btu barrels BN barrels Btu barrela BN barrels Blu 

. . . . . . .  ............................. 31 I24 4 16 50 POI 85 541 . . . . . .  ... Jet fuels ( e d n e  and naph~ha typea) . . . . . . . . . . . . . . . .  960 5.356 960 5 353 . . . . . .  ... Gamline ...................................... . . . . . .  5.883 21,652 3.885 21:652 .................................. . . . . . .  Kerosine 6 34 1 76 6 iib 2,ii9 7 40 
Distillate luel ............................... 38 224 13 471 2.747 
~ a i a l i a l  fuel .................... ..:. ...... 18 11s 102 641 90 566 iaj 6 347 2 181 . . . . . . . . .  ....................................... .Still gas ... 223 1.339 ... 223 1:339 . . . . . . . . .  Petroleum coke ................................ 81 487 81 487 ... ... 

Toml ..................................... 93 493 424 2.565 5,403 30,221 137 861 6,057 54,140 

Raw material: . . . . . . . . .  Special na h h s  ............................... ... 5 1  267 ... 51 267 ... . . . .  .............................. L U ~  and' waxes 39 235 40 243 79 478 . . . . > . . . .  . Perioleum coke ................................. 41 247 . . .  41 247 . . . . . . . . .  Asphalt and road oil ........................ 225 1,499 425 1499 . . . . . . . . .  Pevochemical feedstock offrake ................. ... 090 4.053 1: : 890 4:053 . .~-- ~~ ~ ~ ~ . . . ... . . . . . .  . . . . . . . . .  . . . . . . .  Other ......................................... 
. .  . . . . . .  Total .................................... 225 3,499 1,021 4.802 40 243 1286 6.544 

. Total domatic product demand ..... 318 1,992 1,445: 7.367 5,443 30.464 137 861 7.343 40,684 

YEAR 2000 (HIGH) 

Fuel and power: 
tiquefied pse8 ............................. 500 
let fuels ( m i n e  and naohtba m a )  . . . . . . . . .  
Kerosine ................................... 20 
Dutillate fuel ............................... 1.000 .. Ruidual fuel .......................... .. 370 
Still $r ....................................... 
Pet10 turn coLc ................................ ~ - -- 

Total .................................... 1.890 10,276 I,.;% 8,299 7,825 43.827 1200 7,544 12.309 69,946 

Raw material: 
Special na hthar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 496 ... 95. 496 
~ u b e s  and' wax- .............................. ... 63 380 65 394 :.'I 1:: 128 774 . . . . . . . . .  Petroleum coke ................................ 200 I203 ... 200 1.203 
Asphalt and road oil ........................ 550 3,664 . . . . . . . . . .  550 3,664 . . . . . . . . .  ... Petrochemical feedstock offlake . . . . . . . . . . . . . . . . .  2.9ib 13.525 ::: 2,970 13.525 . . . . . . . . . .  Other' ....................................... ... 160 880 ... 160 880 

Total .................................... 550 3.664 3,488 16,484 65 394 . . . . . .  4.103 20.542 

Tolal domestic product demand ..... 2,440 13.940 4,882 24,783 7.890 44,221 1,200 7.544 16,412 90.488 

1 Miscdlaneous uses including natural gas liquids used in secondary recovery operations and oil used in protein synthesis. 

Source: Reference (1, pg. 173) 
111-11) 



Increas ing  dependence on fore ign  o i l s  has been brought about by two 

converging t rends:  (.I) The inc reas ing  use  o f .  o i l  t o  he lp  o f f s e t  t h e  

supply l a g  by t h e  o ther  energy commodities, and (2) decreasing a b i l i t y  

t o  meet t h e  increased o i l  fequirements from domestic sources. T h e c o n -  

vergence between demand a n d  supply has important p o l i t i c a l  and economic 
. 

impl ica t ions  t h a t  a r e  analyzed i n  t h e  d i scuss ion  which follows. 

The present  o i l  s i t u a t i o n  i s  t h e  r e s u l t  of events  t h a t  began 25 yea r s  

ago, when demand f o r  a l l  goods and s e r v i c e s  exploded following the  re laxa-  

t i o n  of World War 11 c o n t r o l s .  ~ e s ~ o n d i n ~  t o  sharp ly  higher  demands f o r  

o i l ,  t h e  petroleum indus t ry  increased .explora t ion  .and applied newly de- 

veloped production technology. A t  t he  same t ime,  r i s i n g  fore ign  o i l  

imports began t o  dampen the  growth i n  demand f o r  domestic o i l  and demand 

was f u r t h e r  slowed fol lowing the  1956-58 recess ion .  Supplies of o i l ,  

t h e r e f o r e ,  increased much f a s t e r  than demand, and l a r g e  amounts of spare  

producing capaci ty  developed (Figure 111-2). The over-supply condi t ions  

peaked i n  1964, when the  Nation could have increased  production by nea r ly  

40 percent .  Over most of t h i s  per iod ,  t h e  wholesale p r i ce  of o i l  r e -  

mained v i r t u a l l y  unchanged. 

With a n  ever - increas ing  amount of supply, and a  r e l a t i v e l y  s t a b l e  

wholesale p r i c e ,  t he  petroleum indus t ry  had n e i t h e r  t he  need nor t h e  

economic incen t ive  t o  spend money t o  develop new o i l  suppl ies  (Figure 111-3). 

However, l a r g e  sums ofmoney have been expended i n  recent  years  t o  acqu i re  

l e a s e s ,  which s t rong ly  sugges ts  t h a t  t h e  i n d u s t r y  has been preparing a  

base f o r  renewed explora t ion  and development (2).  - 



Office of O i l  and Gas 
Department of the Interior 
(Excludes Alaskan North Slope) 



Source: The Chase Manhattan Bank 

Figure 111-3 - Expenditure for total production, lease acquisthn, 
and physical development. 

Source: Reference (2, pg. 5) 



New a d d i t i o n s  t o  product ive  capac i ty  must be developed i f  t h i s  Nation 

i s  t o  cont inue  t o  have some s p a r e  capac i ty  f o r  emergency cond i t i ons ,  s i n c e  

a l l  of t h e  spa re  c a p a c i t y  i s  now e s s e n t i a l l y  gone . '  Over t h e  s h o r t  t e r m ,  

t h e s e  t r e n d s  can be a l t e r e d  by technology, p r i c e s ,  and f o r e i g n  o i l  imports.  

Over t h e  longer  term, t h e  developlnent of t h e  Nat ion ' s  v a s t  supplemental 

, energy sources  can provide  t h e  f l e x i b l e  supply op t ions  t h a t  w i l l  be needed 

t o  s t a b i l i z e  t h e  energy s i t u a t i o n .  

1. Crude Petroleum Recovery 

The recovery of petroleum from known o i l  f i e l d s  has followed a grad- 

u a l  evo lu t iona ry  p roces s ,  responding t o  bo th  improving technology and the  

changing c h a r a c t e r  of t h e  discovered f i e l d s .  The e a r l i e s t  per iod  of t he  

petroleum i n d u s t r y  was cha rac t e r i zed  by a l a c k  of understanding about how 

b e s t  t o  produce o i l ,  and many f i e l d s  were abandoned fo l lowing  t h e  cessa-  

t i o n  of primary f l u s h  product ion .  S u b s t a n t i a l  improvements i n  o i l  recovery 

were made dur ing  t h e  1920-40 per iod ,  w i th  t h e  d i scovery  of many of t h e  

Na t ion ' s  major n a t u r a l  water -dr ive  f i e l d s  (East  Texas, f o r  example). 

A f t e r  1940 t h e  o v e r a l l  t r end  was t he  d i scovery  of o i l  f i e l d s  which were 

n o t  capable  of y i e l d i n g  a s  high a recovery e f f i c i e n c y  a s  t hose  discovered 

i n  t he  1920-40 pe r iod .  The d e c l i n e  i n  r e s e r v o i r  q u a l i t y ,  however, was 

g r a d u a l l y  o f f s e t  by t h e  i n t r o d u c t i o n  of formation f r a c t u r i n g  and t h e  

l a r g e - s c a l e  a p p l i c a t i o n  of secondary recovery. 



A constantly improving production technology has permitted the 

I average recovery from a f i e l d  t o  increase a t  an estitniated\ annual r a t e  
i 
1 .  of about 0.5 percent over the past 20 years; the current t o t a l  
I 
. , recovery is about 31 percent of the o i l  that has been discovered t o  

. 8 

date. This trend is due mainly to the injection of water into o i l  
. . .  . . . . . . . . . . . . . . . . . .  .; .......... ;-- < ..... :. .A ., ...... .;:.., .. ........ >A .- ..... ...; ..-.. ...vr,._:... ... / - . - . - - . ,. . , . - .>. ...... ,.. <. . .............. 1 f i e lds  t o  supplement or replace the natural energy of the f ie ld.  

. . .  ! 

j Improvements are being made, but the ty-pes of o i l  f i e lds  now being, 
I 

! 
found ~e not as susceptible t o  t h i s  technique as .those that  were 

, 
. : . : I  . . .  . I .found in the past. . . . .  . . . . .  . . . . .  . . . . . .  . . : l i  . . . . . . . . . . .  . . . . . . .  . .  : .  . ,  

.! 

. . . .  The interrelationship be tween price, technology, and supply .......... .................. . - . . . . . . . . . . . . . . . . .  ................ ............. .................. ............ . . .  \ . .  - 1 / 
! has been described . (3) - and is ' i l lus t ra ted  in Figure 111-4.- As shown, 

I the amount of "proved reserves"- plus those estimated as "economically 

producible" a t  current prices totaled about 49 b i l l ion  barrels  in 1965. , 

An additional 22 b i l l ion  barrels  was estimated as  physically recoverable 

using conventional f lu id  injections, but  t h i s o i l  i s  contained in 

marginal f i e lds  and the application of the technology is more costly. 

The last category in Figure I11 -4, "Recoverable using new technology ,I1 

r e fe r s .  t o  the application of miscible f lu id  drive and i n  s i t u  

i combustion t o  recover o i l ,  but widespread application of 
. . . .  . . . . .  . . . . . . . . .  . .- . . .  . . . .  ........ ._, .. .I - . . . . . . . . . . . . .  

. : I  
. . .  . . . . . .  

these techniques could be just i f ied economically only if the price 
. . . . . . . . .  :.:j . . . . .  

.:: .... . . . . . .  

1/ The In ters ta te  O i l  Compact Commission l a s t  made estimates in - 
1965 of the amount of o i l  tha t  could be produced by secondary 
recovery i f  such techniques were actually applied t o  known o i l  
f ie lds .  Although the data w a s  dated, the supply-price concept 
discussed above is valid. 



Figure 111-4 - Petroleum recovery depends on Technology. 

... . . . . :<': Remable "sing ... . . . . ... 
::::: .., . . new technotogy~:~ . . . . ... . . 
: (IOCC) ;:;< ... ... .... ... . . . . . . . . ... . . 
i::i: 40.0 bil lion ?%; 

Supply sources: - 
................................ American Petrolem Institute (API ) 

Interstate Oil Compact Commission 
( IOCC) 

2 . 7 5 1 1 1 t I I I I I I I I I I I 1 1 1 1 1 1 t I I  
0 25 50  75 100 I 

RECOVERABLE OIL ( 19651, billion bbl 

Source: Reference (2, pg.  125) - .  . 
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of o i l  were t o  advance - s ign i f i can t ly .  Complete adoption of a l l  recovery 

I 

1 methods where appl icable  t o  ex i s t ing  o i l  f i e l d s  could physical ly recover 

, / 
I nearly 100 b i l l i o n  b a r r e l s  of  o i l  from these f i e l d s .  

! Production of crude o i l  from known rese rvo i r s ,  therefore ,  depends on 

both technology and o i l  p r i ces .  Higher p r i ces  and/or improved technology 

would make i t  p rof i t ab le  t o  ex t rac t  subs tan t i a l  amounts of add i t iona l  o i l  

from f i e l d s  which a r e  now economically marginal. Our a b i l i t y  t o  continue 

t o  advance technology and t h e  economic a v a i l a b i l i t y ' o f  energy suppl ies  

from o i l  sha le ,  coa l ,  and t a r  sands w i l l  determine f u t u r e  p r i ce  re la t ion-  

sh ips  f o r  energy sources. 

2. Increased Discovery 

No matter  how e f f i c i e n t  and sophist icated recovery techniques become, 

they necessar i ly  must follow and depend upon i n i t i a l  d iscover ies  made by 

exploratory d r i l l i n g .  Since t h e  a c t  of discovery i s  t h e  genesis  of proved 

rese rves ,  discovery t r e n d s a n d  re la ted  technology have been in tense ly  

studied (4-6). The voluminous data  developed i n  these  e f f o r t s  show 

t h a t  : 

1. Exploratory d r i l l i n g  has consis tent ly  declined f o r  t h e  past  

15 years,  t h e  longest  decl ine  i n  t h e  h i s t o r y  of t h e  industry.  

2.  New o i l  d iscover ies  have a l s o  followed t h e  downward trend.  

3. Except f o r  Northern Alaska, t h e  o i l  depos i t s  found a r e  ge t t ing  

smaller s ince  t h e  most favorable prospects have been d i s -  

covered and developed f i r s t .  



4. The cos t  of exp lo ra t ion  and development i s  increas ing  

sha rp ly  a s  deeper formations a r e  probed both on land and 

i n  more c o s t l y  'offshore and A r c t i c  environments. 

5. Discovery technology is i n  a mature s t a t e  of development 

and only  evolu t ionary  improvements can be expected. 

The 1968 d i scove r i e s  o f  o i l  on t h e  North Slope o f  Alaska and i n  

some o f f s h o r e  a r e a s  a r e  exceptions t o  t h e  record  of  t h e  U.S. petroleum 

indus t ry ,  which can otherwise be cha rac te r i zed  a s  a mature e x t r a c t i v e  

indus t ry  w e l l  i n t o  t h e  d e c l i n e  s t a g e  of its, discovery cycle.  Although 

many b i l l i o n s  of  b a r r e l s  of  o i l  have been discovered i n  t h e  A r c t i c ,  o i l  

from t h i s  reg ion  could. be l imi t ed  by t h e  a v a i l a b i l i t y  of adequate 

t r a n s p o r t a t i o n  t o  markets. I f  t h e  Trans-Alaska p ipe l ine  is  constructed 

a s  proposed, about 2 mi l l i on  b a r r e l s  per  day of o i l  from Alaska w i l l  be 

a v a i l a b l e  by 1980. While t h i s  involves a s i g n i f i c a n t  amount of o i l ,  

it w i l l  on ly  supply a f r a c t i o n  of t h e  inc rease  i n  demand between I970 

and 1980. The United S t a t e s  must cont inue  t o  look t o  t h e  Lower 48 

S t a t e s  and t h e  Outer Cont inenta l  Shel f  f o r  a major po r t ion  of  f u t u r e  

domestic supp l i e s .  Product ion increases  i n  those  a reas  can occur 

only  i f  t h e  tempo o f  explora t ion  is s i g n i f i c a n t l y  and s u c c e s s f u l l y  

expanded. 

Extensions of  o l d  f i e l d s  and d i scove r i e s  of new f i e l d s  a t  

conventional  o r  g r e a t e r  depths a r e  f o r e c a s t  f o r  a l l  regions covered 

by t h e  ex tens ive  s tudy  completed by t h e  National  Petroleum Council i n  



1970 (7). - Indeed, the total volume of undiscovered oil and gas in this 

Nation-is expected to equal or surpass the volume that has been dis- 

covered from 1859 to the present. However, there is litt.le likelihood 

of a technical breakthrough that will significantly alter discovery 

rates. 

It is not *ossible .to accurately predict the amount of oil that 

will be discovered and recovered in the future. Advances in exploration 

and recovery technology, the randomness of discovery, economic incen- 

tives, and Government policies related to leasing, foreign oil imports, 

taxation, price controls and supplemental source development all bear 

directly on future oil supplies from domestic sources. But even if a 

significantly increased exploratory 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 Petroleum 

Many variables influence the supplies of domestic oil that can be 

developed. Two of the most significant are the rate of discovery (find- 

ing rate) and the rate of development (drilling rate). The NPC Summary 

Report, December 1972 (ll), - considers four cases which are combinations 

of two finding rates and three drilling rates. 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 drilling rate corresponds to the nearly 6 percent 

per year growth attained following World War 11. The following tabula- 

tion summarizes the four cases considered. 



Cases Analyzed 
Highest Lowest 
Supply Supply 

Variable I I I I11 IV 

Drilling Rate High Medium Medium Current 
Growth Growth Growth ' Downtrend 

Finding Rate High High Low Low 

Oil 
- .  North Slope Production Starts 

1976 1976 1976 1981 
Gas 1978 1978 1978 1983 

Table 111-6 shows the projected total petroleum liquids productionrates 

for 1975, 1980 and 1985 (XI. 

Table 111-6 

TOTAL U.S. CONVENTIONAL LIQUID 
PETROLEUM PRODUCTION 

Case. I 11.3 10.2' 13.6 15.5 
Case I1 11.3 10.2 12.9 13.9 
Case I11 11.3 9.8 11.6 11.8 
Case IV 11.3 9.6 8.9 10.4 

Figure 111-5 shows a breakdown by sector of past and projected oil supply 

corresponding roughly to Case IV. As indicated earlier in Table 11-1 

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 shortfall that must come from some other source-- 

imports or substitute fuels. 



Figure 111-5 - U.S.A. Oil Supply 

Source: Reference (8, pg. 29) 



4. O i l  Imports 

The United S t a t e s  is c r i t i c a l l y  dependent upon l i q u i d  and gaseous 

f u e l s  t h a t  p r e sen t ly  can only  be ob t a ined ,  i n  t h e  q u a n t i t i e s  needed, 

from convent iona l  petroleum sou rces ,  both fo re ign  and domestic.  Th i s  
. 

w i l l  remain t r u e  f o r  t h e  next  10 o r  more years  r e g a r d l e s s  o f  t h e  

progress  made i n  t h e  e x t r a c t i o n  of  l i q u i d s  and gases  from coa l  and 

o i l  s h a l e ,  because long lead times a r e  necessary t o  develop t h e s e  

supplemental  sources .  The adequacy, s e c u r i t y ,  and cos t  o f  petroleum 

s u p p l i e s  h a v e a . d i r e c t  i n f luence  on t h e  Nat ion 's  n a t i o n a l  product ,  t r a d e  

p o s i t i o n ,  d ip lomat ic  pos ture ,  and m i l i t a r y  c a p a b i l i t y .  

Under t he se  circumstances,  Government has t h e  r e s p o n s i b i l i t y  t o  

encourage a  favorab le  a d m i n i s t r a t i v e  and economic c l ima te  under which 

' the  Nat ion 's  petroleum i n d u s t r y  can provide o i l  and gas  s u p p l i e s  t h a t  

a r e  bo th  s ecu re  and adequate ,  a t  t h e  lowest p r a c t i c a b l e  c o s t ,  and wi th  

minimal environmental impacts. I n  address ing  i t s e l f  t o  t h i s  r e spons i  - 

b i l i t y ,  t h e  Federa l  Government i n  1959 made t h e  fundamental de te rmina t ion  

t h a t  un l e s s  t h e  domestic market was sh i e lded  from f o r e i g n  s u p p l i e s ,  

too l a r g e  a  s h a r e  of  i t  would e v e n t u a l l y  come t o  be dependent upon 

fo re ign  sou rces ,  subject.  t o  d e n i a l  by e i t h e r  p o l i t i c a l  o r  m i l i t a r y  
. . 

a c t i o n .  With s e c u r i t y  of supply  a s  t he  .primary c r i t e r i o n  t o  be  s a t i s f i e d ,  

a  p o l i c y  and program r e s t r i c t i n g '  f o r e ign  o i l  imports t o  a  moderate 

f r a c t  ion o f  domestic product ion was enacted.  



I 
I The p o t e n t i a l  i n s e c u r i t y  o f  Middle East o i l  supp l i e s  is evidenced 

by t h e  h i s t o r y  o f  t h e  p a s t  20 years .  I n  1951 t h e  s e i z u r e  and shu t -  

down of  o i l  f a c i l i t i e s  i n  I r an  v i r t u a l l y  stopped a l l  o i l  expor t s  

from t h a t  country f o r  over  2- years .  The Suez Canal, c losed by Egypt.  

'for a  per iod  of 5  months i n  1956, was aga in  c losed  i n  1967 and 

remains c losed  a t  t h e  t ime o f  t h i s  wr i t i ng .  The 1967 outbreak of  

h o s t i l i t i e s  between I s r a e l  and t h e  Arab Nations in t e r rup ted ,  f o r  a  

b r i e f  i n t e r v a l ,  over  two- th i rds  of  t h e  o i l  supply t o  Western Europe. 

Moreover, a 2-month embargo was imposed on o i l  shipments t o  t h e  

United S t a t e s , . t h e  United Kingdom, and t h e  Federa l  Republic o f  Germany 

by c e r t a i n  o i l - expor t ing  na t ions .  The Trans-Arabian p i p e l i n e  was 

ruptured  i n  May 1970. Its r e p a i r  was delayed by t h e  Syr ian  Government 

throughout t h e  ba lance  o f  t h e  year .  Concurrent ly,  t h e  Libyan Government 

sha rp ly  c u r t a i l e d  product ion from o i l  f i e l d s  located i n  t h a t  country. 

These a c t i o n s  placed tremendous p re s su re  on t h e  world 's  t anker  f l e e t s ,  

forc ing  upward t h e  c o s t s  o f  c h a r t e r i n g  tankers  t o  t r anspor t  t h i s  crude. 

These i n t e r r u p t i o n s  i n  o i l  s u p p l i e s  occurred a t  a  t ime when sub- 

s t a n t i a l  switches from c o a l  t o  imported r e s i d u a l  o i l  were being made 

t o  meet environmental s tandards .  S h a r p . 1 ~  increased r e s i d u a l  o i l  demand 

. . 
and l imi t ed  a v a i l a b i l i t y  of  t r a n s p o r t  caused t h e  p r i c e  o f  r e s i d u a l  o i l  

t o  i nc rease  by n e a r l y  65 percent. over t h e  f i r s t  10 months o f  1970. This 

. . development l a r g e l y  was t h e  r e s u l t  o f  dependence on fo re ign  sources  and 
. . . . .  . . . . . . . . . .  .,I .. , ............ . . . . . . .  . . . . . . .  . . . . . .  .:I . . . . .  ... - . . . . . . . .  . . .  :I . . 



lack of adequate t ranspor ta t ion .  Today, near ly  94 percent  of t h e  East 

Coast demand for  r e s idua l  o i l  is supplied by foreign imports. Of even 

g r e a t e r  concern, the  supply source is s h i f t i n g  from the  r e l a t i v e l y  

secure  South American o i l  f i e l d s  t o  those of  t h e  more uns table  North 

African area ,  a s  supp l i e r s  seek t h e  low s u l f u r  o i l  needed t o  meet 

environmental standards . 
I n  the  case of crude o i l ,  spare  dbrnestic supp l i e s  were drawn 

down. Production from wel ls  located p r i n c i p a l l y  i n  Texas and Louisiana 

was increased,  and 'by November 1970, t o t a l  production exceeded 10 

mi l l ion  b a r r e l s  per day f o r  t h e  f i r s t  time i n  the  Nation's h i s to ry .  

This d a i l y  production r a t e ,  500,000 b a r r e l s  (or about 5 percent) 

g r e a t e r  than t h e  average r a t e  during t h e  f i r s t  6 months of  1970, 

servecl t o  replace t h e  d e f i c i t  i n  overseas suppl ies .  This a c t i o n  was 

poss ib le  during 1970, but by 1973 spa re  productive capacity w i l l  be 

el iminated and it w i l l  no longer be poss ib le  t o  increase  t h e  o i l  output  

from Texas and Louisiana w e l l s .  

The 1970 broken p ipe l ine  i n  Syr ia  and production cutback i n  Libya 

a f fec ted  l e s s  than 3 percent  of t h e  f r e e  world's o i l  supply, but  t h i s  

3 percent  is a l l  it took t o  force  a major readjustment i n  world move- 

ments of  o i l .  Today, about 40 percent of t h e  t o t a l  o i l  needs of t h e  

world a r e  supplied by output  fr.om f i e l d s  located i n  t h e  Middle East 

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

t h e  f r e e  world proven o i l  reserves.  Thus, t h e  r ap id  increases  i n  world 



demand t h a t  a r e  now tak ing  p l ace  must f o r c e  increas ing  r e l i a n c e  on 

I t h e s e  h ighly  uns tab le  supply sources .  A new dimension t o  i n t e r -  

I n a t i o n a l  o i l  movements must a l s o  now be considered-- the demonstrated 

a b i l i t y  of t h e  o i l - expor t ing  na t ions  t o  a c t  both s e p a r a t e l y  and i n  

I . unison t o  a t t a i n  s p e c i f i c  economic o b j e c t i v e s  a t  t h e  expense of bo th  

I t h e  o i l  companies and consuming na t ions .  Inc reas ing ly ,  t h e  expor t ing  

. . . . . . . .  . . .  . . .  . . . .  . . . . . .  
. . . . . . . . . . . .  . . .  . . . . . . . . . .  - . . . . . . . . .  . . . . . . . . . .  . . . . . .  

. . . . . .  

I and economic ob jec t ives .  I n  i ts  supplemental energy f u e l s ,  however, 
I 

na t ions  have won p r i c e  concessions from producing companies which 

u l t i m a t e l y  must be paid f o r  by consumers. The balance has now been 
........... ............. ................ ............. . . . . . . . . . . .  .............. ........... . . . . . . . . . . .  . . .  

i t h i s  Nation has w i th in  its own borders  t h e  o i l  equiva len t  of s eve ra l  

t ipped  i n  favor  of t h e  o i l - expor t ing  na t ions .  

O i l  is -being used inc reas ing ly  a s  a  t o o l  f o r  ob ta in ing  p o l i t i c a l  

Middle East  o i l  f i e l d s .  Technology f o r  economic product ion of t h i s  

o i l  from our o i l  s h a l e ,  c o a l ,  and t a r  sand resources  must be developed 

i f  o i l  supp l i e s  from t h e s e  sources  a r e  t o  be a v a i l a b l e  t o  meet f u t u r e  

f u e l  needs. 

5. Supplemental Sources 

Each o f  t h e  supplemental sources  ( coa l ,  o i l  s h a l e ,  t a r  sands) con- 

t a i n  v a s t  q u a n t i t i e s  of recoverable  s o  l i d  organic  m a t e r i a l s  t h a t  a r e  

conve r t ib l e  t o  l i q u i d  and gaseous products .  The o i l  represented by a l l  

of t h e s e  depos i t s  i n  p l a c e  is no t  measured i n  b i l l i o n s  of  b a r r e l s ,  a s  is 

petroleum, but  i n  t r i l l i o n s  of b a r r e l s .  



~ e c e n t  s t u d i e s  based on known but  a s  y e t  commercially unproven 

processes i n d i c a t e  t h a t  of t h e s e  t h r e e  p o t e n t i a l  sources of supple- 

mental o i l ,  coa l  i s  t h e  l e a s t  promising economically,  r e q u i r i n g  

an est imated s e l l i n g  p r i c e  of upwards of $6.03 per b a r r e l .  The 

economic p i c t u r e  i n  t h e  case of domestic tar sands i s  q u i t e  nebu- 

lous ;  however, based on gradual  advances over  a  per iod of years  

by t h e  opera tors  a t  Athabaska, i t  appears t h a t  t a r  sand opera t ions  

probably a r e  approaching a  p r o f i t a b l e  pos i t i on .  O i l  s h a l e  i s  

thought t o  have t h e  most f avo rab le  cu r r en t  econonic pos i t i on  of 

t h e  t h r e e  p o t e n t i a l  supplements; most r ecen t  es t i rns tes  i n d i c a t i n g  

l a rge  s c a l e  o i l  s h a l e  ope ra t ions  would be n e a r l y ,  i f  n o t  a c t u a l l y ,  

competi t ive wi th  n a t u r a l  petroleum. 

Processes  f o r  each of t h e  p o t e n t i a l  supplements mentioned 

above involve l a r g e  s c a l e  ma te r i a l  handling which lends i t s e l f  

t o  technological  breakthroughs t h a t  may lead  t o  s u b s t a n t i a l  c o s t  

reduct ions .  Sca l ing  up from t h e  cu r r en t  pro to type  developnent 

s t a t e  t o  m u l t i b i l l i o n - d o l l a r  i n d u s t r i e s  w i l l  r e q u i r e  yea r s  t o  

plan and cons t ruc t  b3th t h e  i n d u s t r y  and suppor t ing  communities. 

I n  a d d i t i o n ,  t he  commitments of c a p i t a l  r equ i r ed  f o r  cons t ruc t ion  

of  ope ra t ing  p l an t s  a lone  w i l l  range from $3,000 t o  $5,000 pe r  

d a i l y  b a r r e l  of product ion;  o r  from $3 b i l l i o n  t o  $5 b i l l i d n  f o r  

a  1-mi l l ion-bar re l -per -day  output .  

O i l  s h a l e  econoaics  have s i g n i f i c a n t l y  improved r e l a t i v e  t o  

crude o i l  s i n c e  t h i s  Department complete3 i t s  l a s t  comprehensive 

a n a l y s i s  (9) .  Between 1966 and 1970, f o r  example, c o s t s  have 



increased about 45 cents per barrel for the system identified in 

the referenced study as the "improved first generation" retorting 

option. This cost increase, however, has been balanced by crude 

oil prices which have risen by about $0.45/bbl. In addition, the 

Tax Reform Act of 1969 changed the point of application for calcu- 

lating depletion from the oil shale before entering the retort to - .  

the shale oil as it leaves 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 crude petroleum have declined, the economic viability 

of shale oil production 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 as compared to alternative invest- 

ment opportunities, i.e., Alaskan and offshore oil, and the plan- 

ning and associated long lead time indicate that oil production 

from any of the supplemental sources cannot be a significant part 

of total 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 S t a t e s . a r e  known t o  conta in  o i l - s h a l e  , 

I 
I depos i t s ,  bu t  those a reas  i n  Colorado, Utah, and Wyoming t h a t  conta in  

I t he  sha le - r i ch  sedimentary rocks of t he  Green River  Formation a r e  of 
I 
I 

i . g r e a t e s t  Promise f o r  s h a l e  o i l  production i n ,  t h e  immediate f u t u r e  

( ~ i g .  IV-1). These o i l  s h a l e s  occur beneath 25,000 square miles  (16 ' .  
, 
I m i l l i o n  acres) ;  and of t h i s  a rea ,  17,000 square mi les  (11 mi l l i on  

. . ac res )  a r e  bel ieved t o  con ta in  o i l  s h a l e  of p o t e n t i a l  va lue  f o r  commer- 
. . . . . .  , . . . . .  . . . . . . . . . .  . . .  . . . . . . .  . + 

. . . . . . . . .  . . . . . .  .- .. : . . . . . .  , 
c i a 1  development i n  t h e  fo reseeab le  fu tu re .  

. . . . . . . . . . .  . . . . . .  
: . . : .'..:.: i . . . . . . .  . . 

. . :: : .  ;: 4   he' known Green River Formation depos i t s  i nc lude  high-grade s h a l e s ,  
........ . . .  . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . .  ............. ................. , - P 

i n  beds a t  l e a s t  10 f e e t  t h i ck  and y ie ld ing  25 o r  more ga l lons  of o i i  
i 

! per ton  containing about  600 b i l l i o n  b a r r e l s  of o i l .L /  Bec6very of  

even a small f r a c t i o n  of t h i s  resource  would r ep resen t  a s i g n i f i c a n t  

energy source adequate t o  supplement the  Nation's o i l  supply f o r  many 

! decades, providing economic and environmentally s a f e  methods of s h a l e  

o i l  production a r e  developed. 

It has long been known t h a t  petroleum l i q u i d s  and gases can be  ob- 

ta ined  by heat ing o i l  s h a l e  i n  a closed v e s s e l  c a l l e d  a r e t o r t .  Commercial 

production of s h a l e  o i l  abroad a c t u a l l y  preceded by seve ra l  decades t h e  
i 

............ ::.. :..I . . - ,-.- 
. . . . . . . . . .  ! d r i l l i n g  of t h e  f i r s t  o i l  we l l  i n  t h e  United S t a t e s .  Shale oi.1 i n d u s t r i e s  

. . . . . . .  . . . .  . . . .  ..: :...I . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  .,.! . . . . . . . . . .  . . . . .  . . . . . . . .  . . . . . .  i have been es tab l i shed  i n  many fo re ign  count r ies  i n  t h e  p a s t  and e x i s t  
. , 

. .  today i n  mainland China and t h e  U.S.S.R. Although t h e  Ute Indians used 

11 An add i t iona l  1,200 b i l l i o n  b a r r e l s  a r e  p re sen t  i n  p lace  i n  lower - 
grade sha le s ,  i n  sequences more than 10 f e e t  t h i ck  t h a t  have an 
average y i e l d  of 15  t o  20 ga l lons  per  ton.  

IV- 1 



Figure I V - 1  - O i l  Sha le  a r e a s  i n  Colorado, ,  Utah and Wyoming 
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o i l  shale for  campfires long before the f i r s t  s e t t l e r s  a r r ived  in 

Colorado, Utah, and Wyomf ng , i n t e r e s t  i n  the  c o ~ e r c i a l  development of 

t h i s  extensive po ten t i a l  source of energy has f luc tuated  widely. Some 

o i l  from shale was produced p r io r  t o  the 1859 discovery of natura l  

petroleum, but i n d u s t r i a l  a t t e n t i o n  did not  focus on o i l  shale  u n t i l  

i m e d i a t e l y  p r i o r  t o  1920, when there  was some concern t h a t  domestic 

petroleum resources might become inadequate. I n t e r e s t  declined a t  

t h a t  time a s  ample suppl ies  o f '  l iquid  petroleum wer'e discovered and 

developed. O i l  sha le  deposi ts  were withdrawn from leas ing pursuant t o  

Executive Order No. 5327 of  Apri l  15, 1930, subject  t o  c e r t a i n  l a t e r  

modifications (L) which authorized leas ing of o i l  and gas and sodium 

i n  accordance with t h e  terms of the modifications. 

The Synthetic Liquid Fuels Act of Apri l  5, 1944, a s  amended 

(30 USC 8 8 321-325), made poksible a large-scale o i l  sha le  research 

and demonstration e f f o r t  by the  Department of  t h e  I n t e r i o r ' s  Bureau of 

Mines during the  period 1944-56, This e f f o r t  was aimed a t  the  c rea t ion  

of a new and more economic mining, r e t o r t i n g ,  and r e f i n i n g  technology, 

and a l s o  sought t o  provide r e l i a b l e  information on the  cos t s  of commer- 

c i a l  shale o i l  production. Industry has a l s o  conducted extensive research 

on o i l  shale  processing; severa l  methods have advanced through the  demon- 

s t r a t i o n  phase as  discussed i n  Volume I, Chapter I, of t h i s  study. 



The Department's accumulated knowledge of t h i s  resource and its 

expected p o t e n t i a l  were summarized i n  a comprehensive 1968 I n t e r i o r  

s tudy (2). Contemporary and fu tu re  technologies, and t h e  publ ic  policy 

fac to r s  t h a t  could influence t h e  r a t e  of development of  t h i s  resource 

were c l e a r l y  delineated. Included a l s o  were estimates of  t h e  resource 

s i z e  and land ownership s t a t u s .  E f f o r t s ,  s ince  the  s tudy ' s  publica- 

t i o n  have concentrated on: (1) an ana lys i s  of the  probable environ- 

mental impact of o i l - sha le  development, (2) the  formulation of a 

prototype leas ing program within  the  framework of ex i s t ing  law, and 

(3) a program t o  determine ownership of  the  o i l  sha le  where t i t l e  

c o n f l i c t s  e x i s t .  

Commercial sha le  o i l  production, under the  most o p t i m i s t i c  

es t imate ,  could begin about 1975 a t  a r a t e  of about 18 mi l l ion  b a r r e l s  

per year (50,000 ba r re l s  per day), on t h e  bas is  of ant ic ipated  

technologic progress. The f i r s t  generat  ion technology needed f o r  t h i s  

r a t e  of  production would be improved from 1976 t o  1980. This develop- 

ment s t a g e  w i l l  be re f l ec ted  by only small  increases i n  annual produc- 

t i o n  of about 18 mi l l ion  ba r re l s  per  year a s  the  new technology is 

applied.  By 1980 a productive capacity of m r e  than 100 mi l l ion  ba r re l s  

per year (300,000 ba r re l s  per day) could be established.  More importantly, 

the  technology probably w i l l  have been advanced t o  t h e  point  where 

l a rge  incremental increases i n  product ion could be achieved. Also, 



the  nucleus of people, supporting services ,  f a c i l i t i e s ,  and experience 

needed f o r  t h i s  expanded e f f o r t  w i l l  have been established.  

After 1980 the  second generation extract ion-re tor t ing systems 

would be expected t o  permit annual addi t ions  t o  shale-oi l  productive 

capacity of about 37 t o  73 mil l ion ba r r e l s  per year (100,000 t o  

200,000 ba r r e l s  per day). The r a t e  a t  which o i l  shale  may be 

developed provides the  framework within which subsequent ca lcu la t ions  

may -be made, considering both the  s tage  of technology and the s ize ,  

of the  cap i t a l  investments that  w i l l  probably be required. The 

cumulative six-plant capacity of 300,000 ba r r e l s  per day by 1979 

r e f l e c t s  the  necessary construction and evaluation phase of t h i s  

new technologic development. Second generation technology could be 

expected t o  be ava i l ab le  by 1980, enabling t he  l a rge  increases i n  

capacity from surface processing systems shown i n  Table IV-1. ~t i s  

assumed t h a t  seven i n s t a l l a t i o n s  with a cumulative capacity of 400,000 

ba r r e l s  per  day w i l l  be constructed on both p r i va t e  and public lands 

i n  the period 1973 t o  1981 (Table IV-1). I n  s i t u  r e t o r t i ng  may a l so  

be advanced t o  the  point  where t h e  f i r s t  commercial operation could 

be i n i t i a t e d .  By 1985 cumulative capacity i s  estimated a t  1 mi l l ion  

ba r r e l s  per  day from both p r i va t e  and publ ic  lands. 



Table IV-1 -Projected  Shale O i l  Capacity - Cumulative 

(Thousands o f  Barrels per day) 

. Colorado Utah Wyoming Total 
Federal ' ' Private  Federal Federal 

land land land land 
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V. ALTERNATIVES TO OIL SHALE DEVELOPMENT 

The principal alternatives to the proposed prototype oil shale 

leasing program are of two 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 viable 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 the 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 of the program is one of infomation gath- 

ering to expand the 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 

alternative in this section. Most significant measures for energy 

conservation require intensive social and legal changes which must 

be begun now in order to achieve results in the near future. 

In Section 11-A of this report it was noted that energy demand 

correlates closely with gross national product (GNP), which, in 

turn, correlates closely with both population and per capita income. 



The inc reas ing  use  of energy has t h e r e f o r e  been co r re l a t ed  wi th  

inc reas ing  a f f l u e n c e  and a r i s i n g  m a t e r i a l  s tandard of l i v i n g .  This  

is  the  na tu re  of t h e  p a s t  and p resen t  c u l t u r e .  I n  p a r t ,  perhaps 

because t h e  economic c o s t  of energy has no t  taken f u l l  account of 

environmental c o s t s  and because supp l i e s  of resources  have been 

ample, growth i n  energy demand has been l i t t l e  constrained 'by i ts 

cos t .  Now,, however, i n  t h e  f a c e  of i nc reas ing  concern over t h e  

. qua l i ty  of t h e  environment, dec l in ing  energy resources ,  and a h igh  

m a t e r i a l  s tandard  of l i v i n g ,  i t  is  appropr i a t e  t o  cons ider  whether 

h i s t o r i c  energy consumption p a t t e r n s  should be allowed t o  cont inue  

unabated. A number of w r i t e r s  have argued t h a t  it should no t .  

Among t h e  more r e c e n t  works a r e  those  of Professor  Meadows and a 

group a t  MIT working i n  co l l abora t ion  wi th  t h e  Club of Rome's pro- 

j e c t  on t h e  Predicament of Mankind (L), t h e  "Blueprint f o r  su rv iva l "  

s tatement  published i n  t h e  Ecologis t  (g), and an a r t i c l e  by Michael 

McCloskey, executive, d i r e c t o r  of t h e  S i e r r a  Club (2). Professor  

Commoner (5) has warned of t h e  consequences of con t inua t ion  of cur-  

r e n t  technologica l  t rends .  

Not a l l  s c h o l a r s  agree  wi th  such arguments. D r s .  Kneese and 

Ridker of Resources f o r  t h e  Future  (5) and D r .  Abelson, p re s iden t  of 

t h e  Carnegie I n s t i t u t i o n  and e d i t o r  of Science (51 t ake  i s s u e  w i t h  

r e s u l t s  of t h e  MIT p r o j e c t ,  p r i n c i p a l l y  on grounds t h a t  

technologica l  improvements have kept  pace wi th  demand i n  t h e  p a s t  and 

a r e  l i k e l y  t o  do s o  i n  t h e  fu tu re .  Indica ted  i n  t h e s e  c o n t r a s t i n g  

opinions i s  t h e  d i f f i c u l t y  of s o c i a l  changes coming about t h a t  would 

obv ia t e  energy shor t ages  through t h e .  d e s i r a b l e  a l t e r n a t i v e  of demand 

reduct ion .  



There a r e  e s s e n t i a l l y  two ways of reducing t h e  growth i n  energy 

demand: (1) reduct ion  i n  populat ion growth and (2) r educ t ion  i n  per  

c a p i t a  energy consumption. Both measures could be encouraged by 

government pol icy.  .The following a n a l y s i s  desc r ibes  p o l i c i e s  which 

government can exe rc i se  t o  c o n t r o l  populat ion growth, bu t  po in t s  out 

t h e  l imi ted  ex ten t  t o  which populat ion con t ro l  a f f e c t s  t h e  r a t e  of 

growth of energy demand. The r o l e  of government po l i cy  i n  influenc- 

ing  the  p e r  c a p i t a  energy consumption i s  discussed i n  t h e  subsec t ions  

a  and b below. 

Government po l i cy  has ,  o r  can have, a  l imi t ed  impact on r a t e  of 

populat ion growth. S t r i c t  immigration laws can c o n t r o l  t h e  i n f l u x  

o£ a l i e n s .  Tax, wel fare  and . m i l i t a r y  compensation, and even d r a f t  

s t r u c t u r e s ,  .of ten encourage l a r g e r  f ami l i e s .  Rkform of these  po l i -  

c i e s ,  along . . wi th  e f f e c t i v e  pub l i c  educat ion programs on b i r t h  c o n t r o l ,  

could reduce t h e  number of l a r g e  f ami l i e s .  Free  c l i n i c s  f o r  b i r t h  

cont ro l ,  abor t ion  and voluntary  s t e r i l i z a t i o n  a l l  have d i r e c t  impact 

on r a t e  of b i r t h s ,  and thus ,  on populat ion growth. 

I n  the  a b s e n c e o f  such p o l i c i e s ,  t h e  c u r r e n t  base f o r e c a s t  of 

. . . . . . . . . .  
" i . . . . . . .  . . . . . .  . . . . . . . . . .  t h e  Bureau of Census, S e r i e s  D (7), shows populat ion growth comparison . . . . . . . . . . . . . .  ........... - . .............. - . . . . . . . . . .  

. I 

. . . .  . ....._... . . .. - .. . -  .; wi th  Bureau of  Mines energy f o r e c a s t  (8) : . :. -. . . . . . . . . . . . . .  . . . .  ;:::..] . . .  . . . . .  
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Tota l  energy Per c a p i t a  
Populat ion Percent  . consumption consumption Percent  

! 
j Year (mi l l ion)  change ( t r i l l i o n  Btu) (mi l l i on  Btu) change 



Clea r ly ,  t h e  i n c r e a s e  i n  per  c a p i t a  consumption i s  f a r  more 

important t o  growth i n  energy demand than  t h e  growth i n  U. S. popu- 

l a t i o n .  A t  t h e  extreme of replacement f e r t i l i t y  and no new immigra- 

t i o n  (103) growth t rends .  would .be: 

T o t a l  energy Per  c a p i t a  
Populat ion Percent  consumption consumption Percent  

Year (mi l l ion)  change ( t r i l l i o n  Btu) (mi l l ion  Btu) change - 

The continued inc rease  i n  populati .on t o  t h e  yea r  2000, d e s p i t e  

a ze ro  populat ion growth r a t e ,  is due t o  t h e  age d i s t r i b u t i o n  and 

consequent f e r t i l i t y  expec ta t ions  of t h e  e x i s t i n g  populat ion.  

Populat ion growth i s  i n  a t r a n s i t i o n a l  phase; United S t a t e s  

populat ion growth r a t e s  appear t o  be d e c l i n i n g  without government 

i n t e rven t ion .  The most l i k e l y  r a t e  of growth of populat ion is t h e  

Bureau of Census's S e r i e s  D and E ,  which shows populat ion i n c r e a s e s  

only 1.0 t o  1.2 percent  per  year  through 1985 (104). - Thus, only 

about  1 percent  o f  t h e  growth i n  energy demand of about 4 

percent  per  year  can b e  a t t r i b u t e d  t o  increased  populat ion.  In- 

c reased  p e r  c a p i t a  consumption wi th  inc reased  per  c a p i t a  income 

and income growth c o n t r i b u t e  t h e  balance.  Thus, i t  appears  t h a t  

only l i m i t e d  e f f e c t  on energy demand can be made by a l t e r e d  popu- 

l a t i o n  t r ends .  



a .  More Eff ic ient  Energy Use 

A reduction i n  the  r a t e  of growth of per capita energy demnd 

could be accomplished by (1)  reducing the  r a t e  of growth of demand 

f o r  the  goods and services produced by the  energy demanded, ( 2 )  pro- 

ducing the demanded goods and services more e f f ic ien t ly ,  or  
. .  

('3 ) converting' energy sources t o  usef d work more e f f ic ien t ly .  

A report  prepared i n  October,1972 by the  Office of Emergency 

Preparedness (OEP), "The Potential for Energy Conservation," (105) 

offers  mny helpful  suggestions on a var ie ty  of means t o  save 

energy. These range i n  scope from what the  individual can do 

i m d i a t e l y ,  i .e . ,  thermostat control, shut t ing off l i gh t s ,  e t c . ,  

t o  longer term measures such as public transportation. The United 

States  has developed the la rges t  and most sophisticated system of 

energy consumption in the world. Such a system is slow t o  change, 

but past patterns can be a l t e r e d i n  the fu ture  if the national e f fo r t  

is directed toward the transportation, r e s i d e n t i a l - c o m r c i a l ,  

industr ia l ,  and e l e c t r i c  u t i l i t y  sectors  of our econoq.  Each of 

1/ these major energy users is discussed i n  t u rn  below.- 

(1) Transportation.- The transportation sector  currently 

accounts ' for  approximately 25.percent of t he  t o t a l  energy 'consumed . 

i n  t h e  United s t a t e s .  Since petroleum provides 96 percent of t h i s  

requirement, about one-half o f .  a l l  o i l  used is consumed i n  t rans-  

portation. Sh i f t s  among transportation modes i n  recent years have 

been based on fac tors  such as  convenienience and speed ra ther  than on 

1/ This discussion of t h e  four sectors is based on the 0EF - 
report (105). - 



t h e  e f f i c i e n t  use of 'energy. I n t e r c i t y  movements of passengers and 

f r e i g h t  have been increasingly provided by a i rp lanes  and t rucks  . . 

ins tead  of by ra i l roads  and buses. Within t h e  c i t y ,  the  p r i v a t e  

automobile has become the  preferred  means of t ranspor ta t ion .  

More than 50 percent of t o t a l  t r anspor ta t ion  energy consumed 

can be a t t r i b u t e d  t o  automobiles, and more than ,one-half of t h i s  

amount i s  used i n  urban areas.  This suggests t h a t  urban t rans-  

p o r t a t i o n  has considerable p o t e n t i a l  f o r  energy demand reduction.  

Short-term measures t o  save t r anspor ta t ion  energy include edu- 

c a t i o n a l  programs t o  use automobiles more e f f i c i e n t l y  o r  t o  subst i -  

t u t e  communication f o r  personal contacts .  More powerful incen t ives  

t o  accomplish t h i s  end include taxes and d i r e c t  regula t ions .  Over 

the  longer term, high-quality publ ic  t ranspor ta t ion  o f f e r s  a prom- 

i s i n g  way t o  reduce energy consumption. The p o s s i b i l i t i e s  can be 

extended by systematic planning t h a t  incorporates the  concept of 

t r anspor ta t ion  systems i n t o  urban development. Energy savings 

through these  measures a r e  discussed i n  t h e  following sect ion.  

(2) Residential  and Commercial. - The residential-commercial 

sec to r  accounts f o r  about 21 percent of t o t a l  energy consumption. 

The major . . requirements a r e  f o r  sbace heating and cooling, water 

hea t ing ,  ref - r igera t ion,  and cooking. 

The OEP repor t  suggests a number of use fu l  measures tha t  can 

b e  used by t h e  public t o  reduce energy use. These include turning 

off  l i g h t s  when not  i n  use,  u t i l i z i n g  appliances such a s  washing 

machines more e f f i c i e n t l y ,  and keeping energy using equipment i n  

good opera t ing condition. Over t h e  longer term, fu r the r  reduction 



i n  energy demand could be achieved through manufacture of more 

i 
e f f i c i e n t  energy using ite'ms , i .e . , improved stoves,  r e f r i g e r a t o r s ,  

water heaters ,  and l i g h t i n g  devices. A key t a r g e t  i n  t h i s  s e c t o r  
I 

! ! .  
is ' increasing ;the energy e f f i c iency  of a i r  conditioners, many of 

which a r e  highly i n e f f i c i e n t  . Another t a r g e t  is t o  improve the  

insula t ion of homes.' This, however, w i l l  t ake  time because it is 

more e f f i c i e n t  t o  insu la te  new homes than t o  add add i t iona l  insu la t ion  

t o  ex i s t ing  s t ruc tu res .  

Comnrercial energy use, over a long term, could be reduced 

by designing bui ld ings  with energy saving i n  mind. window areas  

could be reduced, bui ld ing d i rec t ion  and loca t ion  c o d d  be varied, 

and b e t t e r  insu la t ion  could be i n s t a l l e d .  There w i l l  be a time 

l a g ,  however, because many of these  changes would be p r a c t i c a l  only 

f o r  new bui ld ings .  

( 3 )  Industry.- Energy consumption i n  t h e  i n d u s t r i a l  s e c t o r  

accounts f o r  approximately 29 percent of  t o t a l  energy consumption 

i n  t h e  United S t a t e s .  The major consumers i n  t h i s  sec to r  a r e  t h e  

p r i m r y  metals, chemicals and a l l i e d  products, and petroleum 

re f in ing '  and r e l a t e d  indus t r i e s .  These indus t r i e s  a r e  responsi- 

b l e  f o r  over 50 percent  of t o t a l  i n d u s t r i a l  energy consumption. 

There has been a tendency towards more e f f i c i e n t  energy use 

i n  most indus t r i e s  and a notable e f f i c i e n c y  increase i n  t h e  s t e e l  

industry.  It is suggested by t h e  OEP repor t  t h a t  many indus t r i e s  

"could e a s i l y  cut  energy demand by 1 0  t o  15 percent (and probably 

much more) over a period of time by accelera ted  ret irement of old 

equipment, more energy-conscious process design, and upgrading and 



increasing maintenance of exis t ing equipment. I' Long-run measures 

include re l iance on technological advances and the "reuse and 

recycling of materials." 

(4 )  Elec t r ic  U t i l i t i e s  . - The e l ec t r i c  u t i l i t i e s  sector  pres- 

e n t l y  uses 25 percent of t o t a l  prirmry energy consumption in the  

generation of e l e c t r i c i t y .  Much of the  discussion i n  the  OEP report  

is i n  terms of more e f f i c i en t  sources of power generation. I m -  

proved eff ic iency of conversion is considered in' chapter V, Section 

C-10, of t h i s  volume. 

Poten t ia l  long-run measures f o r  reducing energy inputs t o  

e l e c t r i c i t y  generation include the  construction of new and e f f i c i -  

en t  f a c i l i t i e s  and improved u t i l i za t ion  of waste heat. A possible 

short-term measure is t o  l e v e l  the  var ia t ion i n  demand, thereby 

reducing the  use of the  inef f ic ien t  equipment needed t o  meet peak 

power demands. 

( 5 ) Potent ia l ,  Logistics, and Costs. - General suggestions on how 

conservat ion of energy might be a t ta ined through improved eff ic iencies  

of energy use and through reduction i n  demand do not necessar i ly  

imply easy solutions. The interrelationships between -various forms 
.- 

of energy use patterns,  together with .associated pol lut ion control  

measures presently being advocated, a r e  extremely complex. Recom- 

mendations of what, a t  first,. seem t o  be simple solutions,  must be 

analyzed i n  depth t o  examine a l l  possible e f fec t s  not immediately 

apparent. For example, one suggestion t o  reduce the quant i t i es  

of e l e c t r i c i t y  consumed is t o  reduce excessive urban l i gh t ing  when 

the  t rend is currently towards increasing it. However, proponents 



quote crime s t a t i s t i c s  t o  show tha t ,  s ignif icant  reduct ions i n  

s t r e e t  crime have resulted i n  areas where ligh-Ling is increased. 

The trade-off,  here, is a soc i a l  benef i t  a t .  the  cost of increased 

use of energy. Other suggestions, however, can be implemented with- 

out serious soc i a l  overtones, f o r  example, by replacing the  3 

million outdoor l i g h t s  now being fueled by natural  gas with e l e c t r i c  

bulbs would re lease enough energy t o  heat about 600,000 homes. 

The design of buildings t o  decrease window area, therefore  

leading t o  l e s s  heat loss  from the  building, i l l u s t r a t e s  t h e  tech- 

n i ca l  complexities tha t  must be considered. A decrease in  window 

1 area, f o r  example, r e su l t s  in  need f o r  in te rna l  l igh t ing  brought 

! about by lo s s  of outside l i gh t .  But the  possible gain i n  heating' 

the  building may require an offset t ing increase in air-conditioning 

i 
I 
! 

capacity t o  remove the heat created by the added l i g h t .  Complete 

energy balances a re  required t o  assess these complex interrela t ion-  

sh ips  t o  determine what system would yield the  most e f f i c i en t  

energy usage. 

Time is a key character is t ic  of rn jor changes in  energy use. 

Even a f t e r  t he  s tudies  a re  complete, implementation plans would have 

t o  be formulated and recomndat ions  made. Many years would 

norrmlly pass before implementat ion, and long periods a r e  required 

before any s ign i f ican t  impact on net energy consumption pat terns  

of the  United S ta tes  is seen, even assuming tha t  general accept- 

a b i l i t y  by the public can be obtained. 

For example, t o  reduce energy demand by 250,000 ba r r e l s  per day 

of o i l  i n  1980 by switching from private  automobiles t o  buses i n  



urban t r a n s p o r t a t i o n  would r e q u i r e  an i i i t i a l  investment i n  buses 

of nea r ly  $10 b i l l i o n . /  This  measure would requ i re  t h e  construct-  

ion  and operat  ion of 240,000 buses, f i v e  times more buses than t h e  

50,000 cur ren t ly  operat ing i n  l o c a l  t r anspor ta t  ion .g/ This number 

of buses could t r anspor t  27  mi l l ion  people t o  and from work each 

day, nea r ly  one-third t h e  t o t a l  present  c i v i l i a n  work f o r c e  of 84 

mi l l ion  persons. 

Rap i d  t r a n s  it systems r e q u i r e  extensive planning and s igni f  i- 

cant  amount of money f o r  cons t ruct ion .  To reduce energy con- 

sumpt ion i n  urban a reas  by 250,000 b a r r e l s  per  day by s u b s t i t u t i n g  

subways f o r  ca r s  would requ i re  a n  expenditure of $264 b i l l i o n ;  about 

$1 b i l l i o n  f o r '  each 1,000 b a r r e l s  of o i l  saved.>/ Savings i n  

excess of 250,000 d a i l y  b a r r e l s  would not be poss ib le  f o r  urban 

app l i ca t ion ,  s ince  t h e  $264 b i l l i o n  expenditure would be s u f f i c i e n t  

t o  b u i l d  189 subway systems s i m i l a r  t o  t h a t  i n  San Francisco, o r  

enough t o  supply near ly  every m j o r  American metropolitan a rea  with 

such a system; 

2 /  The s u b s t i t u t i o n  of buses f o r  p r i v a t e  automobiles i n  urban - 
t r a n s i t  reduces t h e  consumption of energy by 3,820 Btu per  
passenger n i l e  (106). A t r a n s  it bus operates,  on t h e  average, 
575,330 passengZ7 miles per  year  (107) and has a n  i n i t i a l  cos t  
of about $40,000. The c a p i t a l  cos t  f o r  buses is thus  $18.20 
p e r  mi l l ion  Btu saved per  year .  

3/ Rapid t r a n s i t  systems such a s  subways reduce energy consump- - 
t i o n  by 3,930 Btu pe r  passenger mile compared t o  p r iva te  
automobiles (108). The San Francisco subway system is expected 
t o  operate 715 mil l ion  passenger -miles per  year  and t h e  c a p i t a l  
cos t  of t h e  system was $1.4 b i l l i o n ( l 0 9 ) .  Thus, the  c a p i t a l  
c o s t  of subways is $5.00 per  mi l l ion  B% saved per  year .  



The growth of urban t r anspor ta t ion  systems would decrease t h e  

number of individual  vehic les  i n  urban use. Addit ionally,  t h e  

number of vehicles needed would a l s o  be reduced, but it is l i k e l y  

t h a t  t h e  automobile would be used f o r  access t o  bus o r  r ap id  t r a n s i t  

te rminals .  One recent  ana lys i s  (110) f o r  example, has concluded 

t h a t  doubling t h e  a v a i l a b i l i t y  of public transit  i n  the next 15 years 

would reduce t o t a l  automobile usage by only 4 percent .  

1nsu la t  io; of new single-family homes of f e i s  good p o t e n t i a l  f o r  
. . 

energy reduction, a s  previously discussed.  Assuming t h a t  every 

new single-family dwelling was optimally insula tedi /  and t h a t  

annual  s t a r t s  r e m f n  a t  the  current  l eve l ,  of 1 mil l ion  per  year ,  

t h e  maximum energy savings by 1980 due t o  insu la t ion  would be 

about 250,000 b a r r e l s  of o i l  per day. The cos t  of achieving these  

savings would t o t a l  some $5 b i l l i o n :  I n  t h e  absence of l e g i s l a t i o n ,  

however, an  individual  homeowner would need t o  be convinced t h a t  t h e  

i n i t i a l  c a p i t a l  investment would be o f f s e t  by lower annual cos t s .  

The e s t i m t e d  o v e r a l l  ne t  monetary savings f o r  each homeowner would 

t o t a l  about $38 per  year (111). - 

4/ It has been est imated (111) t h a t  t h e  net  add i t iona l  cos t  of - 
op t i iml ly  insu la t ing  an  1,800 square f o o t  house i n  t h e  New 
York Ci ty  a rea  is $632. This is t h e  c o s t  of insu la t ion  
above minimum FHA standards ( pre- ~ u n e  1971 standards ) l e s s  

' t h e  reduction i n  t h e  cos t  of t h e  furnace and a i r  condit ioner 
equipment required.  "Optimally" insula ted  is defined a s  
t h a t  providing t h e  maximum net  monetary saving t o  t h e  owner. 

The annual  heat  saving per  house would be 66 mi l l ion  Btu. 
The c a p i t a l  cos t  of saving energy v i a  house insu la t ion  is 
thus  $9.58 per mi l l ion  Btu per  year .  To save t h e  equi-zalent 
of 250,000 b a r r e l s  pe r  day of o i l  would cos t  $5,078 mi l l ion  
and requi re  t h e  optimal insu la t ion  of 8 mil l ion houses. 



Although t h e r e  is  a p o t e n t i a l  f o r  energy saving i n  industry,  

much of t h e  i n d u s t r i a l  s e c t o r  is a l ready  u t i l i z i n g  energy i n  a 

f a i r l y  e f f i c i e n t  manner. Addit ional  saving w i l l  come about i n  

t i m e  a s  less energy e f f i c i e n t  equipment is replaced.  This t rend 

would b e . g r e a t l y  acce le ra ted  if f u e l  p r i c e s  were t o  increase  
_ 

s i g n i f i c a n t l y  . The Paper and A l l i e d  Products s e c t o r  was mentioned 

a s  one suscep t ib le  t o  such a reduct  ion by OEP. This indust ry  
. . 

consumed 1,121 t r i l l i o n  Btu (m i n  1968 and had depreciable  

a s s e t s  i n  t h a t  year  valued a t  $14.4 b i l l i o n  If process 

improvement t o  r e a l i z e  a 10-percent f u e l  saving requi red  replacement 

of 1 0 .  percent  of t h e  indust ry ' s  depreciable  a s s e t s ,  t h e  c a p i t a l  

cos t  of energy reduct ion  would be  $12.85 per  mi l l ion  Btu reduct-  

ion per  year .  A t  t h i s  r a t e ,  t h e  paper indust ry  would be a b l e  t o  

save t h e  equivalent  of 53,000 b a r r e l s  of o i l  per  day by t h e  ex- 

pendi ture  of $1.44 b i l l i o n .  

Another a spec t  of t h e  Nation's t o t a l  energy balance is  pro- 

grammed i n e f f i c i e n c i e s  r e s u l t i n g  from .attempts t o  achieve o ther  

n a t i o n a l  ob jec t ives  t h a t  a r e  i n  d i r e c t  c o n f l i c t  with a major nat-  

i o n a l  need t o  increase  e f f i c i e n c i e s .  The dramatic increase  i n  

gasol ine  demand is a case i n  point .  The e f f e c t  of vehicular  emiss- 

ion  standards is a l r e a d y  being seen i n  t h e  Nation's demnd f o r  

gas01 ine  . I n  recent  years ,  passenger c a r  reg is t r a t  ions have been 

increasing a t  a r a t e  of 3 t o  3.5 percent  per  year .  

However, during t h e  first h a l f  of 1972, gasol ine  consumption 

has jumped t o  6.5 percent  over t h e  previous year .  The d i f fe rence  

of 3 percent  is equivalent  t o  a consumption of about 180,000 b a r r e l s  



o f .  o i l .  per day. Nothing i n  terms of vehicle  population o r  miles 

t rave l led  per vehicle could alone account f o r  such a sharp increase. 

The post-1968 emission controlled vehicles a re  obviously producing 

an upward p u l l  on gasoline demand which w i l l  become increasingly 

grea te r  with each passing year a s  controlled vehicles become a 

greater  par t  of car populations. By 1980, the increase i n  o i l  re-  
\ 

quirements due t o  emission controls is estimated t o  range from 

800,000 t o  1,200,000 bar re l s  each day (105) 
Current proPosals t o  reduce the  lead content of gasoline w i l l  

a l s o  have a dramatic impact on petroleum consumption. If enacted, 

these proposals a re  estimated t o  increase 1980 o i l  requirements 1.2 

mill ion bar re l s  per day (114). 

The f u l l  ramifications of what appears t o  be a simple solution 

t o  a problem are  often overlooked. For example, reducing the  lead 

content i n  gasoline is r e l a t i ve ly  easy t o  achieve, but t h i s  measure 

would require addit ional crude o i l  f o r  ref inery runs t o  produce 

gasoline of acceptable specifications plus addit ional o i l  owing t o  

decreased e f f ic ienc ies  i n  the  use of gasoline i n  motor vehicles. 

Domestic production cannot be increased t o  of fse t  t h i s  incremental 

demand, and dependence upon Eastern Hemisphere o i l  supplies 

would increase about 20 percent over what i s  currently projected, 

with attendant increase i n  problems of security, foreign policy, 

and balance of trade.  To s h i p  and process 1.2 million addi t ional  

bar re l s  of o i l  da i ly  w i l l  require 76 addit ional a r r iva l s  each month 

of the  70,000-dead-weight-ton vessels now serving U.S. ports and 10  

addi t ional  new ref iner ies  of the  average s ize  now being constructed. 



The cost of lead restr ict ions is estimated a t  $48 b i l l i o n  in t h i s  

decade, and the incremental balance of t rade de f i c i t  would t o t a l  $1 .-6 

b i l l i o n  each year. 

The discussion above is not meant' t o  imply tha t  changes are 

not needed i n  the Nationt s energy consumption patterns. The 
. 

Nation has been using low-cost energy i n  many wasteful ways. 
/ 

The point is that  physical l imitations do exis t  and tha t  simple 

solutions t o  a particular problem may have f a r  reaching effects .  

These changes are not free,  but, indeed, may be very costly. The 

i l lus t ra t ions  above indicate the complexity of the problem and 

suggest the.  need t o  have a wide range of options available f o r  

energy related decisions with suff icient  time allowed. f o r  'imple - 
mentat ion. 

Perhaps even more important and l e s s  predictable are the 

changing habits and preferences of societyt s members. 

b. Limit Economic Growth 

The basic premise of t h i s  al ternat ive is that  industr ial  and 

economic growth and clean environment a re  mutually incompatible. 

In t h i s  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 
i n  Real Gross National Product of 3.75 percent t o  provide 
jobs f o r  these new workers. By comparison, 23 million people 
rill enter the labor market between 1970 and 1985; and 
assuming that  there is the same r i s e  in productivity as  we 
experienced between 1950 and 1965, it w i l l  take an annual 
increase i n  Real Gross National Product of 4.25 percent just 
t o  keep unemployment a t  the current level .  



With these f igures  i n  mind, the impact of zero economic 
growth on the job market and national economy is clear .  

What the  advocates of the  zero economic growth philosophy 
seem t o  minimize is t h a t  ' soc ie ty  is going t o  need the  jobs 
and goods and services tha t  industry provides. Advocating 
zero growth a l so  means t e l l i n g  the disadvantaged melnbers of 
our society, who s t r i v e  f o r  a b e t t e r  way of l i f e ,  t ha t  t h e i r  

. . 
. . goals a re  unattainable. 

. . . .  

. .  

To reduce energy demand by the equivalent of the  projected 

1985 shale o i l  production would e n t a i l  reduction of energy consump- 

t i o n  from petroleum by an estimated 4.2 percent. ' The mechanisms 

by which demand would be reduced are  not yet c lear .  Most enta i l  

some method of regulation ors-taxation to al ter  consumption patterns. 

The OEF study contends t h a t  there  are bas ica l ly  three ways t o  

implement t h e i r  suggested energy conserving measures. These are  

standards and regulations, t ax  incentives, and education. Many of 

the demand reducing measures depend on education and persuasion 

and w i l l  involve a change i n  public habi ts  and t a s t e s .  Even apart  

from t h i s ,  all three of t h e  suggested devices require public 

acceptance. i n  a f r e e  society.  The imposition of standards and 

regulations or additional taxes w i l l  reduce individual freedm i n  

consumption.  ducati ion probably tends t o  enhance the  individual's 

capacity t o  make r a t iona l  decisions and t o  expand h i s  range of 

choices. The OEF potent ia l  energy savings are  based on the assump- 

t i o n  t h a t  all the measures would be implemented. On the other hand, 

they caution tha t  no " in-depth analysis of f e a s i b i l i t y  or consumer 

acceptance has been undertaken." It seems reasonable t o  expect 

tha t  some masures w i l l  be re jected on the bas i s  of cost or prefer- 

ences. O f  course, there  a re  suggestions by others. 



M r .  McCloskey suggests: 

A short-run s t rategy would involve the following changes i n  
public policy: ending or  reducing the many biases i n  public 
pol icies  which provide incentives t o  energy growth; maintain- 
ing and strengthening environmental constraints on energy 
growth; reducing energy demands by educating the public t o  
understand the importance of conservative use of energy; en- 
couraging intensified research and developnent i n  order t o  
achieve greater e f f ic ienc ies  i n  energy u t i l i za t ion  and i n  
order t o  f ind new, more environmentally Acceptable, energy 
sources; and discouraging growth i n  industries tha t  are  the 
most profligate consumers of energy. Coordination of these 
e f fo r t s  would be f a c i l i t a t e d  through the establishment of 
new government agencies, specif ical ly  geared t o  respond t o  
the energy problem. Each of these changes would involve 
e f fo r t s  tha t  would go well beyond the t radi t iol ia l  bounds of 
energy policy, and all could have profound economic and 
soc ia l  impacts. Yet changes are  already beginning t o  occur 
i n  all these f i e lds .  and environmentalists are  determined t o  
promote them (E) 

The Blueprint f o r  Survival provides the following "strategy f o r  
change ": 

The principle conditions of a s table  society, one t h a t  t o  
all intents and purposes can be sustained indefini te ly while 
giving optimum sa t i s fac t ion  t o  its members, are: ( 1 )  minimum 
disruption of ecological processes; (2 ) maximum conservation 
of materials and energy or an economy of stock r a the r  than 
flow; (3) a population i n  which recruitment equals loss;  and 
(4)  a social  system i n  which the individual can enjoy rather  
than f e e l  r e s t r i c t ed  by, the f i r s t  three conditions. 

The achievement of these four conditions w i l l  require con- 
t ro l l ed  and well-orchestrated change on numerous f ron t s  and 
t h i s  change w i l l  probably occur through seven operations: 
(1)  a control operation whereby environmental disruption is 
reduced as  much a s  possible by technical means; (2 )  a freeze 
operation, i n  which present trends a re  halted; (3)  a systemic 
substi tution, by which the most dangerous components of these 
trends are  replaced by technological subst i tutes ,  whose effect  
is l e s s  deleterious i n  the short term, but over the  long- 
term w i l l  be i n c r e a s m l y  ineffective; (4)  systemic substitu- 
t ion,  by which these technological subst i tutes  a re  replaced 
by "na turd~"  or self-regulating ones, i.e., those which e i ther  
repl icate  or employ without undue disturbance the normal 
processes of the ecosphere, and are  therefore l i k e l y  t o  be 
sustainable over very long periods of time; (5) t he  invention, 
promo%ion and application of alternative technologies which 
are  energy and materials conservative, and which because they 



are  designed f o r  re la t ive ly  "closed" economic complunities 
are  l ike ly  t o  disrupt ecological processes only minimally 
( e .g . , intermediate technology); (6 ) decentralization of 
policy and economy a t  a l l  levels,  and the  formation of 
communities small enough t o  be reasonably self-regulating 
and se l f  supporting; and (7) education f o r  such 
(110) communities. - 

.::. . .  :..i . . . . . . . . . . . .  ................... . . . . . . . . . . . . .  :.. - 4 . . .  :; 2: >< 
c . Environmental Impacts 
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To the' extent tha t  the  costs of pollution associated with 

production and consumption of energy are not adequately reflected 

i n  the prices paid fo r  such energy, u t i l i za t ion  of energy resources 

has been economically ineff icient .  Inclusion of costs of pollution 

mitigation as a resul t  of ins t i tu t ion  and enforcement of pollution 

standards w i l l  tend t o  cause energy t o  be used more ef f ic ient ly  
, 

i n  the future. Such higher prices w i l l  reduce the demand for  energy 

below the levels tha t  would be reached if pollution costs were not 

reflected i n  the energy prices, providing the demand fo r  energy is  

s ignif icant ly e l a s t i c .  

( 1 )  Mobile Sources.- If the demand for  petroleum were reduced 

by 1 million barrels  per day in 1985, environmental damages t o  the 

a i r  associated with the  consumption of t h i s  much o i l  would be 
. . i  . . . . . . . .  , . . . . . . . .  , . . . . . . . . . . . .  
>..::.::-:.:;:<J .................. . -1 ............ I avoided. For example, the foUowing tabulation provides estimated 

., . .  . . 
. . . I  . . . .  > . . . .  ! 

... :,. 1s.. :.:+ . ;  

. . . . . . . . . . . .  . . . .  4. quantit ies of a i r  polluting emissions from mobile equipment fo r  



- Table V-1 -Estiiiiated Emissions from Mobile Equipment 
(Millions .o£ tons  per  year)  

Autos Trucks & Buses A i r c r a f t  Off -Highway To ta l  
. . 

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 
P a r t i c u l a t e  .1 .2 .05 .1 .5 

With crude o i l  demand est imated t o  reach a minimum of 26 mi l l ion  

b a r r e l s  per day by 1985 and a t r a n s p o r t a t i o n  use of 1 3  t o  14 mi l l ion  

b a r r e l s  per  day (118) a 1 -mi l l ion -ba r re l -pe r -ey  r educ t ion  would 

represent  a 7.7- t o  7.1-percent reduct ion  i n  use  i n  mobile equipment. 

This  reduct ion  i n  demand presumably would r e s u l t  i n  an equivalent  

reduct ion  from t h e  a i r  p o l l u t i n g  emissions from t h e  mobile equip- 

ment as est imated above. 

(2) S ta t iona ry  Sources. - Another major a i r  p o l l u t a n t ,  s u l f u r  

d ioxide  (SO ), i s  emitted from s t a t i o n a r y  p l a n t s .  The fo l lowing tabu- 
2 

l a t i o n  shows estimated q u a n t i t i e s  of SO2 emissions which a r e  pro jec ted  . 

t o  occur i n  1985 from p l a n t s  burning petroleum and c o a l  and from 

p l a n t s  smelt ing copper, l e a d ,  and zinc.  These e s t ima tes  a r e  based on 

t h e  assumption t h a t  the  same a i r  po l lu t ion  s tandards  w i l l  b e  i n  e f f e c t  

i n  1985 a s  were i n  e f f e c t  i n  1965. Thus, t h e  q u a n t i t i e s  of SO2 

emission a r e  l i k e l y  t o  be  considerably overestimated i f  t h e  technology 

necessary t o  meet more r ecen t  s tandards  i s  developed. 



Projected SO Emissions from Stationary Plants, 1985-11 
2 

(Million tons per year) 

Coal 106 
Petroleum 81. 
Smelting Copper 2 8 
Lead 4.3 
Zinc 3.5 

. .  Tot a1 222.8 

1/ Interpolated from the figures in the source table for 1985 - 
and 1990. Source: Reference 23, p. 326. , 

From the above, a reduction of 1-million-barrels-per-day 

would be equivalent to a 20-percent reduction in petroleum used 

for stationary plants and would reduce SO2 emissions by 12.5 

! million tons in 1985. However, t'he 1-million-b?rrel-per-day 

. , reduction in demand could only reduce either auto emissions 

. . 

j 
- 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 related reduction 
. . .  . . .  .., 

. . . .  , . . . . . . . . . . . . .  
. . . . . . . . . . . .  ............... 

- .  .' - .  in environmental damage. Parts 1 and 2 above show that 
. . .  

. . :  :...:.::I . . . . . . .  . . . . . . . . . . .  . . . .  I . . .  . . . . . .  : - - j  ................. . . . .  I : . certain atmospheric contamination would be prevented by not 
. . . . . . . . . . . . .  . . . .  

producing, transporting and consuming the energy resources 

derived from 1-million-barrels-per-day of shale oil. Where 

pollution standards are introduced and enforced, causing the 

amount of environmental damage per unit of energy consumed to 



decrease with time, the  incremental environmental b e n e f i t  of 

t h e  regula t ion decl ines ;  the  associated cos t s  of t h e  regu la t ion  

do not  necessar i ly  decline.  Achieving these environmental bene- 

f i t s ,  by means of reduction of energy demand, would be l e s s  

c o s t l y  than achieving t h e  same benef i t s  through in t roduct ion 

of regula tory  standards a f t e r  having produced and consumed t h e  

e x t r a  energy. 

Assuming t h a t  energy demand> i s  reduced b y  the  energy 

equivalent  of 1 mil l ion  ba r re l s  of crude o i l  per  day, and 

t h a t  t h i s  reduction i s  t o  be accomplished through a reduction 

i n  petroleum use i n  mobile e q u i p m e n t , a b l e  V-2 shows t h e  

trend i n  quan t i t i e s  of a i r  po l lu tan t s  estimated t o  be emitted 

from mobile equipment using petroleum products (23). - The 

impact of the  s t r i c t e r  a i r  poll .ut ion standards i s  q u i t e  

apparent from the  ' tabulated da ta .  In te rp re ta t ion  of these  d a t a  

is  more complex. 



Table V-2 - Estimated Emissions. from Mobile Equipment 
(millions of tons per year) 

Hydrocarbons 
Autos 
Trucks & buses 
Aircraf t  
Off -h ighway 

Total  

Carbon Monoxide 
- ~~ 

Autos 
Trucks & buses 
Aircraf t  
O f f  -highway 

Total 

Ni t rwen Oxide 
Autos 
Trucks & buses 
Aircraf t  
Off -highway 

Total  

Par t icula tes  
Autos 
Trucks & buses 
Aircraf t  
Off -highway 

Total 



Idea l ly ,  the  attainment of these  standards would be achieved 

through a combination of methods t h a t  w i l l  a t t a i n  t h e  standards and 

minimize costs .  Alternative methods include both hardware develop- 

ment f o r  vehic le  emission control  and nontechnical solut ions  t ha t  

would decrease demand. 

Since the  cost  per un i t  of pol lu t ion t h a t  is removed increases 

exponential ly by the  applicat ion of control  hardware, the  cos t  t o  

remove the  l a s t  u n i t  of pol lu t ion t o  a t t a i n  t he  1985 standards w i l l  

be s i gn i f i c an t l y  higher than , the  cost  required t o  remove t he  f i r s t  

po l lu t ion  un i t  in.1970. I n  addition,,  hardware po l lu t ion  controls  

increase  energy consumption ( l e s s  m i l e s  per gallon). 

From the  foregoing, i t  may be  concluded t ha t  an equal reduction 

i n  energy demand i n  1970 and i n  1985 would be more c o s t l y  i n  1985 

per u n i t  of pol lu t ion avoided. However, i t  may be cheaper t o  re- 

move t h e  l a s t  pol lu t ion u n i t s  through a decrease i n  demand r a the r  

than through the  appl ica t ion of control  hardware. Such a demand re- 

duction over t he  short-term would a l s o  conserve suppl ies  of deplet- 

able  energy resources. The benef i t s  and cos t s  of reduced energy use 

is complex and w i l l  depend upon where the  reduction i s  t o  occur and 

the  l e v e l  and method of meeting pol lu t ion standards. A l l  of these 

w i l l  be re f l ec ted  i n  t he  r e l a t i v e  p r ices  of a l t e rna t i ve  energy fuels .  

There is l i t t l e  evidence concerning the  pr ice  e l a s t i c i t y  of 

energy demand. I n  some appl ica t ions ,  notably i n  automobiles, demand 

may be qu i t e  i n e l a s t i c ,  i . e . ,  higher p r ices  would have l i t t l e  e f f ec t  

on demand. Gasoline and lubr ica t ing  o i l s  represent  only 25 percent 



of t h e  t o t a l  per  mile c o s t  of  automobiles '(119)'; thus ,  a 4-percent  

r i s e  i n  o i l  p r iceswould  r a i s e  t o t a l  automobile c o s t s  .only one 

percent .  Given the s u b s t a n t i a l  c a p i t a l  investments i n  automobiles 

and o t h e r  energy-consuming f a c i l i t i e s  , t he re  may be cons iderable  

r e luc t ance  t o  incur  c o s t s  of replacement w i th  lower-consumption 

equ iva l en t s  . 
A s  ind ica ted  above, t h e  minimum petroleum and energy demand 

e s t ima te s  include increased e f f i c i e n c y  i n  use  t o ' t h e  e x t e n t  i t  

i s  expected t o  occur through the  opera t ion  of c u r r e n t  p o l i c i e s  

and economic adjustments.  

Such t rends  could be increased by Government r egu la t ions  and 

educa t ion  e f f o r t s .  I nc reas ing ly ,  t he  p r i v a t e  s e c t o r  and ' t he  Govern- 

ment a r e  seeking ways t o  conserve energy. 

(4) Summary - When demand i s  reduced t h e  impacts assoc ia ted  

wi th  f ind ing ,  producing, and processing the  energy "raw mater ia l s"  

(vha tever  they might be) w i l l  be reduced. Furthermore, those 

impacts a s soc i a t ed  wi th  consuming the  e x t r a  energy-producing pro- 

duc ts  w i l l  be avoided. The s p e c i f i c  impacts, i . e . ,  commitments 
, . 
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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 

the oil 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 system 

are described in the following sections a and b. 

a. Oil Import Controls 

Imports of crude oil, unfinished oil, 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 pther things, delegated the 

responsibilities of OEP pertaining to oil 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. 



The Oil 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 Secretaries of State, Treas- 

ury, Defense, Interior, and Connnerce, the Attorney General and the 

Chairman of the Council of - Economic Advisors. The Chairman (Deputy 

Secretary of Treasury) of the Oil. Policy Committee makes his oil 

import recommendations to the President. 

On-April 18, 1973, the President issued Proclamation 4210, 

modifying Proclamation 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 national 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 Program 

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

2. Also effective May 1, 1973, existing tariffs on crude 
oil and refinery products will be suspended. In their 
place, license fees will be imposed on imports equal, 



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 Office of Oil and Gas 
at the time of application for an import license. 

3. These long-term fees will take effect at the end of 
1975. In the meantime, license fees will be stepped-up 
over time. The following schedule of fees will apply 
to all but exempt imports. 

schedule of License Fees 
(cents per barrel) 

May 1 Nov 1 May 1 Nov 1 May 1 Nov 1 
Product 

Crude Oil 10% 13 15% 18 21 21 

Residual fuel oil, 
unfinished oils, 
distillates and 
refinery products 
other than gasoline 15 20 30 42 5 2 6 3 

Gasoline 5 2 545 5 7 595 63 63 

4. ~ l l  import licenses outstanding as of May 1, 1973, will 
be honored by the United States Government license. 
fee-exempt. 

5. 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 oil and quota levels in effect as of January 1, 1973, 
for crude oil and petroleum products other than residual 
fuel oil. 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: 



Percentage of Initial Allocation 
Exempt from License'Fees 

After April 30 Percentage 

6 .  Crude oil import license not subject to lYcense fees will 
continue to ,be convertible - t6' 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. 

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

8. 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. 

9. 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 allocations. 

10. 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 otherwise 
exempted . 
The Western Hemisphere preference requirement will apply 
only if the Chairman of the Oil 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. 



The Chairman of the Oil 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. 

12. Imports of crude oil and finished products to Puerto Rico 
will be subject to the same license fees after Mayl, 
1973 as the Mainland arid 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..Govemment 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 allocations. 

e. Finally, the Commonwealth will be allowed to impose 
restrictions on shipments to the Mainland of petro- 
chemical and intermediates and products necessary 



t o  assure  continued growth of t he  downstream petro- 
chemical industry i n  Puerto Rico. However, u l t imate  
respons ib i l i ty  f o r  determining import policy w i l l  
r e s i de  with the  Chainnan of t he  O i l  Policy Committee. 

Imports of crude o i l  and f in ished products i n t o  the  
Virgin Is lands  and f r e e  t r ade  zones would be exempt from 
l i cense  fees  a f t e r  May 1, 1973. Exports from the  Virgin 
Is lands  and e n t r i e s  from f r e e  t rade  zones i n t o  t he  
United S t a t e s  w l l l  be subject  t o  fees.  However, t he  
ex i s t i ng  re f ine ry  i n  t h e  Virgin Islands ma9 continue t o  
export t o  t he  United S ta tes  l i cense  fee-exempt those 
products governed by contract  with the  United S ta tes  
Government f o r  t he  term of t h a t  contract .  

14. A l l  imports from possessions outs ide  t h e  United S ta tes  
customs t e r r i t o r y  w i l l  be subject  t o  l i cense  charges. 

15. Imports under ex i s t ing  a l loca t ions  t o  the  Department 
of Defense w i l l  be allowed l i c ense  fee-exempt. These 
a l loca t ions  w i l l  be phased-out over t h e  same period 
allowed f o r  exempt a l locat ions .  



c. Balance of Payments 

The United States is currently experiencing large deficits in 

its balance of payments and more specifically in its balance of 

trade. Such continued deficits have a deterimental effect on the 

stability and value of the dollar. The reduction of petroleum 

imports by one million barrels per day could-have a positive effect 

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

d. International Uncertainties 

Future increases in imports can be expected to come from those 

countries whichhave the largest petroleum reserves. This indi- 

cates a greater reliance will be placed on the Persian Gulf which 

has 67 percent of the free world's reserves, and North Africa with 

13 percent. Thus, the United 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 economic reasons with little' or no advance warning. In their 

comments relative to the Department of the Interior's Analysis of 

the Economic and Security Aspects of the Trans-Alaska Pipeline (g), 

the Secretaries of State and Defense and the Director of the Office 

of Emergency Preparedness indicated their concern that "failure , 



I j t o  obta in  desired addi t ional  o i l  supplies (from the  North Slope) w i l l  

i 
necess i t a t e  increasing imports from insecure sources t o  such high l e v e l s  

tha t  a  long- term foreign supply d i s t r i b u t i o n .  could slow down industry 

and imperil  our nat ional  securi ty."  Fa i lu re  t o  bring sha le  o i l  i n t o  

production would r a i s e  dependence on imported o i l  from a range of from 
. . .  . . . . . . . .  . . . . . . . . . . . .  : . I  . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  ? ...... . . .  ... . . ::I . , . .33 t o  41 percent t o  a range of from 37 t o  45 percent i n  1985. 

!. 

A systematic treatment of the  o i l  import subject  is  contained i n  

t h e  repor t  of the  Cabinet Task Force on O i l  import' Control (18). The 

majori ty of t h e  t a sk  force  concurred t h a t  no more than 10 percent of 

U.S. requirements should be met by imports from t h e  Eastern Hemisphere. 

1/ 
Such a l imi ta t ion  would require  some type of continuing import controls.- 

Eight major d i f f i c u l t i e s  t h a t  might a t tend dependence on foreign 

supplies were iden t i f i ed  by the  Cabinet Task Force (18): 

"(1) War might possibly increase  our petroleum requirements beyond 
the  a b i l i t y  o r  wil l ingness of fore ign sources t o  supply us .  

(2) I n  a prolonged conventional war, the  enemy might s ink t h e  
tankers needed t o  import o i l  o r  t o  carry  it t o  market from 
domestic production sources such as  Alaska. 

(3) Local o r  regional  revolution,  h o s t i l i t i e s ,  o r  g u e r i l l a  
a c t i v i t i e s  might physical ly i n t e r r u p t  fore ign production o r  
t ranspor ta t ion .  

(4) Exporting countries might be taken over by r a d i c a l  govern- 
ments unwilling t o  do business with us o r  our a l l i e s .  

(5) Communist countries might induce exporting countr ies  t o  deny 
t h e i r  o i l  t o  the  West. 

(6) A group of export ing.countries might a c t  i n  concert t o  deny. 
t h e i r  o i l  t o  us ,  as occurred b r i e f l y  i n  t h e  wake of t h e  1967 
Arab-Israe l i  war. 

1/ A subcommittee of t h e  House C o m i t t e e  on I n t e r i o r  and Insular  - 
Affa i r s  held extensive hearings on t h e  Task Force repor t .  See 
U.S., Congress, House, C o m i t t e e  on I n t e r i o r  and Insu la r  Affa i rs ,  
O i l  Import Controls Hearings, before the  subcommittee on Mines 
and Mining, March and Apri l  1970. 



(7) Exporting countries might take over the  a s se t s  of American 
or  European companies. 

(8) Exporting. countries might form an ef fec t ive  c a r t e l  ra i s ing  
. . o i l  prices subs tant ia l ly  .I' 

A subsequent study made by the Petroleum Industry Research Founda- 

t i on  reexamined the principal assumptions and conclusions of the Task 

Force regarding U.S. dependency on o i l  imports i n  1980 under various . .  

pr ice  assumptions (124). This study raised fur ther  questions as t o  the  

extent t o  which the United S ta t e s  should depend on Middle Eastern and 

North American petroleum sources. 

A Jo in t  Economic Committee Background Study r e l a t i v e  t o  the April 

15, 1971, OEP Report on price increases i n  crude o i l  and gasoline 

raised numerous questions r e l a t i v e  t o  the need for ,  and effectiveness 

of,  the Mandatory O i l  Import Program (125). - 
The securi ty problem has two principal  parts:  (1) a question of 

mi l i t a ry  securi ty,  and (2) a question of economic securi ty.  Both 

advocates and c r i t i c s  of the O i l  Import Program have tended t o  focus 

pr inc ipa l ly  on the economic secu r i ty  issue. 

The crux of the argument against  importing a subs tant ia l  f rac t ion  

of the nat ion 's  o i l  is tha t  the sources of addi t ional  foreign o i l ,  i n  

general, the  Middle East and North Africa, a r e  "insecure" =c! wt 

be tempted t o  withhold o i l  exports t o  the United S ta t e s  f o r  p o l i t i c a l  

and/or economic gain (generally i n  an environment shor t  of war, though 

loca l  conf l i c t s  i n  v o l a t i l e  areas a re  not inconceivable). 

A study by D r s .  Schurr and Homan f o r  Resources f o r  the F u t u r e . w )  

notes tha t  the  question of supply interrupt ions 

''...needs t o  be dea l t  with i n  the in t e re s t s  of both the importing 
and exporting countries because supply interrupt ions a re  economically 
damaging t o  both. Not only do they have sharp short-run e f f ec t s  
which a r e  economically painful ,  but t h e i r  long-run consequences 
can a l so  be damaging i f  channels of commerce a re  diverted into 



a l t e r n a t i v e s  which impose a permanent economic penal ty upon 
both those coun t r i e s  t h a t  s e l l  o i l  and those t h a t  buy." 

However, t h i s  interdependence does no t  guarantee t h a t  i n t e r r u p t i o n s  

w i l l  no t  occur. The s tudy po in t s  t o  i n t e r r u p t i o n s  from the  shutdown 

o f  I r a n i a n  production beginning i n  1951, t h e  c losure  of  t h e  Suez Canal 

and a t t endan t  lengthening of  t r a n s p o r t a t i o n  rou te s  i n  1956-57 and 
. . 

a g a i n  from 1967 t o  t h e  present ,  and quotes  Walter Levy, a leading  

i n t e r n a t i o n a l  o i l  a u t h o r i t y  and consul tan t ,  a s  saying: 

Nor can t h e  West r e l y  on t h e  importance of unin ter rupted  o i l  
opera t ions  and o i l  revenues t o  Middle Eas t  governments as a 
d e t e r r e n t  t o  h o s t i l e  ac t ions .  Economic cons idera t ions ,  important  
as they a r e  t o  the  r e l a t i v e l y  impoverished coun t r i e s  of the  a r e a ,  
become i n s i g n i f i c a n t  when confronted wi th  p o l i t i c a l  n e c e s s i t i e s  
o r  p o i i t i c a l  pre ten t ions .  . 

Eleven major oi l -producing coun t r i e s  have joined the  Organization 

o f  Petroleum Exporting Countr ies  (OPEC) i n  a n  at tempt t o  o b t a i n  g r e a t e r  

barga in ing  power i n  t h e i r  dea l ings  with t h e  i n t e r n a t i o n a l  o i l  companies. 

A 5-year agreement reached i n  1971 with the  Persian Gulf coun t r i e s  

provides f o r  s u b s t a n t i a l  i nc reases  i n  t h e  payments t o  the  h o s t  govern- 

ments. The other  members followed with equal o r  l a r g e r  increases :  I n  

t h e  second year o f  t h e  agreement, t h e  OPEC coun t r i e s  have been given 

f u r t h e r  increases  t o  compensate f o r  t h e  devalua t ion  of t h e  d o l l a r .  

They a l s o  seek p a r t i c i p a t i o n  as p a r t  owners i n  t h e  o i l  companies ex- 

p l o i t i n g  t h e i r  resources.  I f  OPEC can maintain cohesiveness i n  t h e  

f ace  of  d ive r se  na t iona l  demands and h i s t o r i c a l  r e l a t i o n s h i p s ,  cont inu-  

ing  pressure  f o r  economic and p o l i t i c a l  concessions by t h e  o i l - impor t ing  

c o u n t r i e s  may be a n t i c i p a t e d .  

d. P o t e n t i a l  Environmental Impact of  t h e  Al t e rna t ive  

Increas ing  imports i n  l i e u  o f  s h a l e  o i l  production would a f f e c t  



t h e  environment through: (1) Provis ions  needed t o  p ro tec t  t he  na t ional  

s e c u r i t y  from i n t e r r u p t i o n  o f  o i l  supplies ,and (2) t he  add i t iona l  o i l  

handl ing  a s soc ia t ed  wi th  t h e  v e s s e l s  and r e l a t e d  f a c i l i t i e s  requi red  

t o  t r a n s p o r t  and handle a d d i t i o n a l  imports. 

S e c u r i t y  measures which do not r equ i re  p r e c r i s i s  investment (draw- 

down, r a t ion ing ,  e t c . )  would have l i t t l e  environmental impact. Storage 

i n  s t e e l  tanks o r  i n  c a v i t i e s  c rea ted  i n  salt domes would r equ i re  

import ing o i l  f o r  t he  inventory i n  add i t ion  t o  t h a t  ' for cu r ren t  demand, 

wi th  a s soc ia t ed  tanker  r i s k s  discussed below. Storage o f  1 mi l l ion  

b a r r e l s  of  o i l  i n  s t e e l  tanks would r equ i re  approximately 25 a c r e s  

(assuming a 16-foot  high d ike  i s  used t o  p ro tec t  a g a i n s t  acc iden ta l  

s p i l l s )  and the  danger of leakage would increase  a s  tanks  age. S t o r -  

a g e  i n  c a v i t i e s  i n  sal t  domes would remove t h e  requirement f o r  above- 

ground tanks; however, p i p e l i n e s ,  i n j e c t i o n ,  and e x t r a c t  i on  f a c i l i t i e s  

would s t i l l  be requi red .  Also, it might be a n t i c i p a t e d  t h a t  due t o  

t h e  a t t r a c t i o n  o f  t h e  o i l  t o  t h e  mineral matr ix,  l e s s  than  100 percent  

o f  t h e  o i l  i n j e c t e d  i n t o  c a v i t i e s  i n  s a l t  domes can be ext rac ted .  

Q u a n t i t i e s  i n  excess of  t h e  des i r ed  emergency supply would have t o  be 

imported and a po r t ion  of  t h i s  would be unrecoverable.  S a l t  removed 

from t h e  s a l t  c a v i t i e s  during o i l  ex t r ac t ion ,  i f  no t  handled properly,  

could be a source o f  p o l l u t i o n  through leaching of  t he  s a l t  by water.  

Development of  spare  shu t - in  capaci ty  i n  the  Naval Petroleum 

~ e s e r v e s ,  on o t h e r  lands  purchased by t h e  Federal Government, o r  

through a Federal prora t ioning  system would e n t a i l  environmental 

impacts similar t o  those a s soc ia t ed  with explora t ion  and development 

both on- and of f -shore  (described i n  t h e  subsequent Sec t ion  B-1 of t h i s  



I 
I 

. . . . . . .  j. : i 
- .  . . . . . .  a n a l y s i s ) .  P o t e n t i a l  p roduc t ion  at  Elk H i l l s  is no t  e q u a l  t o  t h o s e  

. . . . . . .  . . . . . .  1 
I ' .  f r a n  t h e  proposed o i l - s h a l e  development, s o - t h a t  development of  s h u t - i n  
! 

j c a p a c i t y  at Elk H i l l s  a l o n e  would no t  s u f f i c e .  

. , The environmental  impacts  of  inc reased  impor t s  a r i s e  from t h r e e  
i 
\ 

sources :  (1)  Inc reased  s h i p  t r a f f i c  t o  t h e  s u b j e c t  p o r t s ,  (2) t h e  con- 
.:.. :.:;-;:.,; %;.; .I, 

..... ..; .::: ><.'<"-.:..,: . ........ - ....................... .............. . . . . . . . . .  
. . s t r u c t i o n  and o p e r a t i o n  o f  i n c r e a s e d  capaccty of  t e r m i n a l s  f o r  t h e  

r e c e i p t  o f  t h e  o i l ,  a n d .  (3) t h e  t r a n s p o r t a t i o n  of  t h e  o i l  from o f f s h o r e  

t e r m i n a l s  t o  c o a s t a l  r e f i n e r i e s .  

The worldwide t a n k e r  c a s u a l t y  a n a l y s i s  i n d i c a t e s  t h a t  0.0192 per-  

c e n t  of  t h e  o i l  t r a n s p o r t e d  i s  s p i l l e d ,  e x c l u s i v e  o f  t r a n s f e r  o p e r a t i o n s .  

. . . . . . .  " - '  ! 
Applied t o  t h e  1 ,000,000-barre l -per-day th roughput ,  t h i s  amounts t o  

approx imate ly  192 b a r r e l s  p e r  day d i s c h a r g e d  from c a s u a l t i e s  . However, 

i t  must be  recognized t h a t  a n  average  c a l c u l a t i o n  such a s  t h i s  h a s  l i t t l e  

j 
rnmeaning from a n  environmental  impact s t a n d p o i n t .  Such impac t s  cou ld  be 

. ! 
! nominal where s m a l l  s p i l l s  a r e  involved o r  where t h e  s p i l l  o c c u r s  i n  

such a manner a s  t o  have l i t t l e  impact on c o a s t a l  o r  r e s t r i c t e d  w a t e r  

a r e a s .  By c o n t r a s t ,  a s i n g l e  c a t a s t r o p h i c  i n c i d e n t  can  have d i s a s t r o u s  

r e s u l t s .  I n  March 1967, f o r  example, t h e  t a n k e r  T o r r e y  Canyon r a n  

aground at  Seven S tones  Reef ,  about  1 5  m i l e s  o f f s h o r e  Cornwall ,  England. 

... . . . . .  . . . . . . . .  . . . . . . . .  
It was c a r r y i n g  821,000 b a r r e l s  of  Kuwait c rude  o i l .  The o i l  l o s t  .I . . : : ;  :I ...:... ., ..... . . . . . . .  . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  

-1 remained at s e a  from one t o  t h r e e  weeks b e f o r e  coming a s h o r e  at  v a r i o u s  
i 

y: I 

l o c a t i o n s .  A r e c e n t  s t u d y  (%).showed t h a t  75 p e r c e n t  of  p a s t  major 

i s p i l l s  were  a s s o c i a t e d  w i t h  v e s s e l s  (F igure  V-1). F u r t h e r ,  t h e  s o u r c e  
. . . . . .  .?'.  . . . .  : . .i . . . . . . . .  . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . .  .., - ..... .... . . . . . . . . .  . . . . .  , o f  s p i l l s  of  more t h a n  2 ,000 b b l  was l i k e l y  t o  be a t a n k e r ,  and t h e  

j 
,! 
I s p i l l  would occur  w i t h i n  a few m i l e s  of  s h o r e  and be n o t i c a b l e  f o r  
I 
i 
I 

i 
i . . 
I 



Various tanker casualities 

Other 

Figure V- 1 -SOU~CB of spill ( Data from 36 incidents 1. 

Source: National.  Petroleum Council, Environmental 
Conservation, v. 2, February 1972, p. 242. 
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more than f i v e  days. Shore l ines  threatened would be a t  l e a s t  par- 

t i a l l y  r e c r e a t i o n a l  wi th  a  reasonable chance t h a t  only l i g h t  

c o a s t a l  contamination would occur (2). 

The impact on the  e s t u a r i e s  and wetlands from o i l  s p i l l s  i s  

a  func t ion  of s i z e ,  t ime, weather,  and water  c u r r e n t s  a s  w e l l  a s  

seasons.  I n  an e s tua ry ,  the movement of an  o i l  s l i c k  is  compli- 

ca ted  by the o s c i l l a t o r y  na ture  o f t i d a l  c u r r e n t s .  During ebb 

t i d e ,  t he  s l i c k  o r  plume w i l l  extend dawn the  e s tua ry ;  dur ing  

f lood  t i d e ,  the  plume w i l l  extend up the e s t u a r y .  I n  genera l ,  

i t  appears  t h a t  s i n g l e  exposures t o  heavy concent ra t ions  of o i l  

on marsh a reas  w i l l  temporari ly  des t roy  vege ta t ion  but  does no t  

appear  t o  cause any s i g n i f i c a n t  long-range damage. Chronic expo- 

su re s  would impose g r e a t e r  environmental damage i n  e s t u a r i e s  and 

marshes because of the con t inua l  r e k i l l  of new vegeta t ion  and 

complexing wi th  p o l l u t i o n  from o t h e r  sources.  Thus, chronic  o i l  

s p i l l s  w i l l  l i k e l y  degrade water  q u a l i t y  and have long-term t o x i c  

and subtoxic  e f f e c t s  on t h e  marine environment. 

Regardless of t he  source and s i z e  of t h e  o i l  s p i l l ,  s e v e r a l  

b i o l o g i c a l  responses a r e  important:  (1) immediate l e t h a l  tox ic-  

i t y ;  (2) l e t h a l  o r  s u b l e t h a l  e f f e c t s  of d i r e c t  coa t ing  of marine 

l i f e  by o i l  subs tances ;  (3) a l t e r e d  behaviora l  a c t i v i t i e s ;  (4) 

incorpora t ion  of  aromatic hydrocarbons i n t o  t h e  food cha in ;  and 

(5) changes i n  h a b i t a t .  I n  general ,  because of high d i l u t i o n  

f a c t o r s  and widespread b i o t i c  populat ions,  o f f sho re  a r e a s  have 

g r e a t e r  a s s i m i l a t i v e  c a p a c i t i e s  and a r e  r e l a t i v e l y  l e s s  vulner-  

1 a b l e  than sho re l ine  o r  e s t u a r i n e  a reas  t o  c r i t i c a l  environmental 
I 

damage from chronic low-level  spi l ls .  



F i n f i s h  and o ther  mobile pe l ag ic  organisms which can d e t e c t  

l o w  concent ra t ions  of o i l  i n  seawater presumably avoid h igher  con- 

c e n t r a t i o n s .  The eggs, l a rvae ,  and juvenile  s t ages  of these  f i s h  

a r e  gene ra l ly  more suscep t ib l e  t o  the  e f f e c t s  of o i l  than a r e  the  

a d u l t s  . 
The ben th ic  fauna may be divided i n t o  four ca t egor i e s :  gas- 

tropods ( s n a i l s ,  l impets) ,  b iva lves  ( s h e l l f i s h ) ,  c rus taceans  

(shrimp, l o b s t e r s ) ,  and a l l  o the r s  (worms, anemones). Apparently 

gastropods a r e  the'  most r e s i s . t an t  t o  the  e f f e c t s  of o i l ;  c rus t a -  

ceans a r e  t h e  most s e n s i t i v e .  

Apparently marine mammals f a i l  t o  recognize an o i l ,  s l i c k  

u n t i l  coa t ing  i s  i n e v i t a b l e ,  Mammals must p e r i o d i c a l l y  su r face  

f o r  a i r  and i n  doing s o  a r e  i n  danger of being coated wi th  o r  

i n h a l i n g  o i l .  A t  p resent ,  however, marine mammal m o r t a l i t i e s  can 

only be i n d i r e c t l y  r e l a t e d  t o  such coat ing.  

There i s  almost unanimous agreement t h a t  b i r d s  have probably 

s u f f e r e d  more from o i l  s p i l l s  t h a t  any other  group of organisms. 

Bird c a s u a l t i e s  from o i l  p o l l u t i o n  number many thousand each year .  

Ta in t ing  of  marine organisms a l s o  r e s u l t s  from incorpora t ion  of 

hydrocarbons, causing the  development of an objec t ionable  t a s t e .  

The o i l  s p i l l  problem i s  a  sub jec t  involving cons iderable  

s tudy e f f o r t .  The f i r s t  r e i o r t  of t he  P res iden t ' s  Panel on O i l  

S p i l l s  p re sen t s  considerable d e t a i l  r e l a t i v e  t o  t h i s  sub jec t  (22). 



3 .  Modificat ion of Market-Demand Prora t ioning  Systems 

The ob jec t ive  of t h i s  a l t e r n a t i v e  would be  t o  obta in  increased  pro- 

duct ion from developed re se rves  t h a t  are being .produced a t  less than' 

maximum e f f i c i e n t  r a t e s .  The a l t e r n a t i v e  would r e q u i r e  those  s t a t e s  

operat ing prora t ioning  systems t o  r e v i s e  t h e i r  l a w s  and r e g u l a t i o n s  t o  

permit such f u l l  production. This cannot be  considered a s  an a l t e rna -  

t i v e  t o  pro jec ted  supp l i e s  from sha le  o i l  because dec l in ing  crude o i l  

productive capaci ty  and inc reas ing  demand f o r  crude o i l  w i l l  r e q u i r e  

production a t  maxirmun e f f i c i e n t  r a t e s  (MER) i n  any event  (23-25). 
. . 

Eliminat ion . . of s t a t e  market-demand p ro ra t ion ing  would r e s u l t  i n  

very l i t t l e  a d d i t i o n a l  crude o i l  and n a t u r a l  gas production. Important 

exceptions t o  MER production cu r ren t ly  remain only  i n  Elk H i l l s  Navel 

Petroleum Reserve (which is no t  subjec t  t o  s t a t e  market-demand prora- 

t i on ing  and which w i l l  b e  discussed in s e c t i o n  B-1-b of t h i s  volume) 

and a small  number of f i e l d s  i n  Louisiana and Texas. I n  1972 Louisiana 

o f f i c i a l s  were reviewing producing p o t e n t i a l s  on a f i e l d  by f i e l d  bas i s .  

By e a r l y  f a l l  of 1972; t h e  s t a t e  was e s s e n t i a l l y  producing a t  MER. 

Only t h r e e  Texas f i e l d s ,  East Texas, Kelly-Snyder, and Tom OIConnor, 

were r e s t r i c t e d  below.100 percent  of t h e i r  r e spec t ive  market-demand 

a t  t h e  time of t h i s  wr i t ing .  Conservation- problems encountered at 

h i g h e r  opera t ing  r a t e s  have compelled reduced production i n  these  

f i e l d s  while  unresolved i s s u e s  of c o r r e l a t i v e  r i g h t s  t o  the crude o i l  

a l s o  preclude higher  production from East Texas. A very  few Texas 

f i e l d s  have MER1s i n  excess of 100 percent of t h e i r  market-demand and 

of these  t h e  l a r g e s t ,  Yates, a l s o  has unresolved problems of 

c o r r e l a t i v e  r i g h t s .  P ro jec t ions  of United S t a t e s  petroleum pro- 

duct ion and requirements i n d i c a t e  t h a t  remaining p o t e n t i a l s  and newly 



developed capacity w i l l  be put i n t o  production as  consideration of 

conservation, environmental ,protect ion and equity permit and the issue 

of market -demand prorationing w i l l  remain moot. 

4. Modification o f  FPC Natural' Gas Pricing 

This a l t e rna t ive  postulates  increases  i n  pr ices  fo r  na tura l  gas t o  

provide addi t ional  incentives t o  na tura l  gas producers t o  increase 

na tura l  gas exploration and development. Some addi t ional  crude o i l  

would probably be  discovered as  a r e s u l t  of increased exploration f o r  

gas. Also, some crude o i l  demand would be displaced by incremental 

na tura l  gas supplies.  Since na tura l  gas is a clean fue l  a s  compared 

t o  o i l ,  t h i s  displacement would r e s u l t  i n  a net environmental benefi t .  

However, it is  not considered t o  be subs t i tu t ion  t h a t  could be u t i l i z e d  

t o  t o t a l l y  o f f s e t  a major port ion of sha l e  o i l  supplies.  

I n  1954, t he  Supreme Court ruled tha t  producers of na tura l  gas 

for  s a l e  i n  i n t e r s t a t e  commerce a r e  subject  t o  regulat ion under the 

Natural Gas Act. Since then sa l e s ,  including pricing, of gas destined 

f o r  i n t e r s t a t e  markets has been subject  t o  Federal regulat ions a s  

administered by the Federal Power Commission (FPC) . 
The PPC changed i ts  method of p r i c e  regulations i n  1960 from an 

individual company "cost-of-service" method t o  an "area rate"  concept . . 

which was upheld by the supreme Court. Under the area r a t e  method, 

average un i t  cos ts  associated with a l l  aspects of na tura l  gas production 

a r e  determined fo r  a producing area  instead of ex&nining the  cos ts  of 

each producing company. 

Concern has been voiced tha tHin te r s t a t e  gas pr ices  resu l t ing  from 

FPC act ions have been so  low a s  t o  re ta rd  development of new gas 

supplies while a t  the  same time, inducing associated consumer preferences 

f o r  gas over a l t e r n a t i v e  fuels .  a) 

V-40 
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.:. y , . : , C ,  Recogniz ing . the .need  f o r  new po l i cy  i n i t i a t i v e s ,  t h e  FPC h a s , - w i t h i n  

. . . . . . . . .  

-.'$ 1 
t h e p a s t  2 y e a r s ,  taken anumber  of measures designed t o  i nc rease  gas  

supp l i e s ,  i nc lud ing  increased p r i c e  c e i l i n g s  (2). FPC r a i s e d  r a t e  c e i l -  

ings  by about 35 percent  dur ing  1968-70 and on J u l y  16, 1971, i n  i t s  

I Opinion No. 598, set new, h ighe r  c e i l i n g  r a t e s  f o r  t h e  South Louis iana 

a r e a  and provided f o r  a system of i ncen t ives  t o  promote ded ica t ion  of 

gas  r e se rves  t o  t h e  i n t e r s t a t e  market.  

To provide a d d i t i o n a l  i ncen t ives ,  t h e  Federa l '  Power Commission 

issued Order No. 455 on August 3, 1972, which provides  an o p t i o n a l  pro- 

. . . . .  . . . ......... . , .  . . .....I - 
cedure f o r  c e r t i f i c a t i n g  new producer s a l e s  of n a t u r a l  gas .  This  new 

.. .............. . . . .  . . . . .  . . . . .  :.:. . . . . . . .  . . . . . . . . .  ........... 2 ... 
4::. 

orde r  does no t  r ep l ace  geographical  a r e a  p r i c i n g ,  but r a t h e r  w i l l  pro- 

v ide ,  i f  upheld by t h e  cou r t s ,  an a l t e r n a t i v e  procedure f o r  c e r t i f i c a t i o n  

, of s a l e s  f o r  new gas at  r a t e s  above e s t a b l i s h e d  a r e a  c e i l i n g s .  

I A l t e r n a t i v e  sources  of gas ,  such a s  l i q u e f i e d  n a t u r a l  gas imports 

and t h e  product ion of s y n t h e t i c  n a t u r a l  gas ,  s t i l l  involve h igher  c o s t s ,  

however, t han  cu r r en t  regula ted  i n t e r s t a t e  p r i c e s  of n a t u r a l  gas .  It 

may be l i k e l y ,  t h e r e f o r e ,  t h a t  r ecen t  a c t i o n s  t o  permit  h igher  wellhead 

gas  p r i c e s  w i l l  be followed by s t i l l  o t h e r  s t e p s  i n  t h i s  d i r e c t i o n .  

The most r ecen t  a c t i o n  i n  t h i s  d i r e c t i o n  was t h e  announcement by 

t h e  P re s iden t  i n  h i s  second energy message (Apr i l  18, 1973) t h a t  he w i l l  

submit l e g i s l a t i o n  t o  amend t h e  Natura l  Gas A c t  s o  t h a t  p r i c e s  pa id  by 

. , . . i n t e r s t a t e  p i p e l i n e s  t o  producers f o r  new s u p p l i e s  of domestic n a t u r a l  

gas w i l l  be determined by t h e  compet i t ive  f o r c e s  of t h e  market system 
. . . . . . . . . . .  - . . . . . . . . . . .  . . . . . . . . . . . .  .:j . , . - . . - . . . . . . .  . .  - - . . . .  . . . .  . . .  :::I .......... r a t h e r  than  by t h e  Federal  Power Commission. T h i s  proposal  would stimu- 

' . : ' - . :  
l a t e  new exp lo ra t i on  and development of domestic gas  resources  whi le  

I mainta in ing  c u r r e n t  p r i c e s  on presen t  i n t e r s t a t e  s u p p l i e s  and e l imina t ing  



any p o s s i b i l i t y  of u n f a i r  ga in s  at  t h e  expense of t h e  consumer. The. 

l e g i s l a t i o n  inc ludes  p rov i s ions  f o r  t h e  Sec re t a ry  of t h e  I n t e r i o r  t o  

monitor  t h e  p r i c e  of new s u p p l i e s  of  n a t u r a l . g a s ,  and impose a cei-ling 

i f  c i rcumstances should demand such a c t i o n .  

Estimated United S t a t e s  r e sou rces  of o i l  and gas  as y e t  undiscov- 

e red  are s u f f i c i e n t l y  l a r g e  t o  support  an expanding rate of domestic 

product ion through 1985 and beyond. Recent l e v e l s  of domest ic  explora-  

t i o n  and development, however, have not  been s u f f i c i e n t  t o  prevent  a 

d e c l i n e  i n  t h e  Nat ion 's  proved r e s e r v e s  of both gas  and o i l .  

Improved economic i n c e n t i v e s ,  whether i n  t h e  form of  h ighe r  p r i c e s  

o r  otherwise,  would most probably i n c r e a s e  investment i n  s t imu la t ed  

recovery of known bu t  no t  now recoverab le  gas  and o i l  r e sou rces  and 

would induce a h igher  r a t e  of  exp lo ra t i on  f o r  new gas  and o i l .  However, 

t h e  r e l a t i o n s h i p  between economic i n c e n t i v e s  and t h e  l e v e l  of expendi- 

t u r e s  f o r  exp lo ra t i on  cannot now be uniquely i d e n t i f i e d  ; even - g r e a t e r  

specu la t i on  must be a t t a c h e d  t o  t h e  degree of success  i n  f i n d i n g  com- 

merc i a l l y  v i a b l e  o i l  and gas  f i e l d s  at  any l e v e l  of exp lo ra to ry  a c t i v i t y .  

P o t e n t i a l  Environmental Impact of t h e  A l t e r n a t i v e .  

The p r i n c i p a l  impact of t h e  a l t e r n a t i v e  would be economic r a t h e r  

t h a n  environmental.  P r i c e s  a r e  almost c e r t a i n  t o  r i s e  somewhat--probably 

s u b s t a n t i a l l y .  D i r ec t  consumers of n a t u r a l  ga s  w i l l  have h i g h e r  f u e l  

b i l l s ;  a l l  consumers w i l l  f e e l  t h e  e f f e c t s  of increased  f u e l  p r i c e s  on 

t h e  p r i c e s  of goods o r  s e r v i c e s  which depend on gas  used by i n d u s t r i e s  

a n d . u t i i i t i e s .  Consumers a r e  f a r  l e s s  l i k e l y ,  however, t o  be confronted 

by u n a v a i l a b i l i t y  of g a s  under d e r e g u l a t i o n ' t h a n  under cont inued regula-  

t i o n .  The environmental impac t  would r e s u l t  p r i m a r i l y  from t h e  




















































































































































































































































































































































