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LETTER OF TRANSMITTAL 

THE WHITE HOUSE, 
Washington, July 2,1952. 

Hon. SAM RAYBURN, 
Speaker of the Bouse of Representatives, 

Washington, D. C. 
MY DEAR MR. SPEAKER : I am transnlitting to the Congress the report: of 

the President's Materials Policy Commission, "Resources for Freedom." Our 
knowledge and i~nderstanding of the materials position of the United States 
and of its allies throughout the free world will be considerably increased by 
the detailed review which has been prepared by the Commission. This is a 
document which deserves the most careful study by every member of the 
Congress, and I hope each one of them will take the time to familiarize himself 
with its contents. 

This report, the fruit of months of intensive study by an independent 
citizen's group aided by experts drawn from Government, industry, and 
universities, shows that in the past decade the United States has changed 
from a net exporter to a net importer of materials, and projects an increasing 
dependence on imports for the future. The report indicates that our altered 
materials situation does not call for alarm but does call for adjustments in  
public policy and private activity. 

I n  more than seventy specific recommendations, the Commission points 
out the actions which, in its judgment, will best assure the mounting supplies 
of materials and energy which our economic progress and security will require 
in the next quarter century. 

I am requesting the various Government agencies to make a detailed study 
of these recommendations, and I am directing the National Security Resources 
Board to assume the responsibility of coordinating the findings and of main- 
taining a continuing review of materials policies and programs as a guide to  
public policy and private endeavor. As the need arises for legislation to 
solve materials problems affecting this Nation and other free nations, 
appropriate recommendations will be made to the Congress. 

It is my hope that this report and the actions which may be taken as a 
result of it will contribute significantly to the improvement of this Nation's 
materials position and to the strengthening of the free world's economic 
security, both of which are the continuing objectives of United States policy. 

Sincerely yours, 
HARRY S. TRUMAN. 
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Foreword and Acknowledgment 

IN PUBLISHING separately the commodity studies that deal with the major 
sources of energy for the United States and the free world, the Commission 
seeks to emphasize the strong interrelationships among energy sources. Equally 
important, it wishes to stress the basic importance of ample, low-cost energy, along 
with technology, as the foundation on which industrial growth is built, and a 
prime essential in supporting national security. 

The studies presented here-on oil, gas, coal, and electric energy-were pre- 
pared to assist the Commission's analysis of this important field. Recommendations 
are not made here; volume I of this Report gives the Commission's findings and 
views, and lays special emphasis upon the key point of the energy problem: the 
fact that all sources of energy must be considered not as separate entities but as 
the related parts of an essential whole. 

Here, the Commission wishes to express its thanks to the st& members who 
prepared these studies, and to the many consultants, both in Government and 
industry who, during the preparation and later review, assisted the staff . 
and the Commission. The original staff work on coal was done by Fred H. 
Sanderson; on electric power, by Herschel F. Jones; on natural gas, by E. Wayles 
Browne; and on oil, by Cornelius J. Dwyer. Mary E. McDermott assisted on the 
oil study, and John G. Godaire gave general assistance as statistical analyst. 
The staff was supervised by Robert Blum during the period of the original st& 
work and preliminary writing. In the preparation of the final reports, the major 
analytical and writing contributions were made by Sidney S. Alexander, with 
the assistance of David W. Lusher on the report on electric power. Samuel G. 
Lasky served as editor of the volume. The consultants who assisted in the 
preparation of these studies are Eugene Ayres, Walter E. Caine, Walker Cisler, 
David E. Cohn, E. L. DeGolyer, Edward Falck, Martin G: Glaeser, W. F. 
Hahman, Serge B. Jurenev, R. A. Kampmaier, George A. Lamb, A. I. Levorsen, 
Walter J. Levy, Louis C. McCabe, E. W. Morehouse, Philip Sporn, John R. 
Thomas, Jack L. Ziercher, and Hanina Zinder. They provided valuable data 
and suggestions, but did not necessarily support the conclusions of the Commission. 



Letter of Transmittal 

As a part of the task which you assigned us, we present volume I11 of our 
Report, entitled "The Outlook for Energy Sources." I t  discusses the present and 
estimated future use and supply of energy as derived from the principal sources- 
oil, natural gas, coal, and waterpower-and the special problems for each of these 
sources. 

Energy is an integral element with materials and technology in the continued 
economic growth of the United States and the rest of the free world. The studies 
that make up this volume, therefore, figured importantly in the Commission's 
appraisal of the materials position of the United States and formed the basis of the 
recommendations made in volume I concerning the expansion and efficient use 
of the Nation's energy resources. 

In preparing these analyses, the Commission staff received the assistance 
of many individuals, both in Government service and in private industry, who 
are especially qualified in the energy field. 

Respectfully submitted, 

TH.E PRESIDENT, 
The White House. 
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The Outlook for Energy Sources 

Introduction 

IN THIS third volume of its Report, the Commission presents 
the basic studies which helped its analysis of the outlook for 
energy sources and provided foundations for its recommenda- 
tions in this field. The four studies interconnect at  many 
points. The survey of the problems, and the approaches to 
solutions, of liquid fuels includes not only petroleum but the 
possibilities of extracting oil from shale. The discussion of coal 
and lignite necessarily includes the possibility of extracting 
liquid fuels, or gas, from these sources, as well as their use for 
thermal generation of electricity. Natural gas was considered 
not only as a fuel, but as a tool for helping to lift oil from under- 
ground pools. Hydropower is only a part of the electricity supply 
study because electricity generated by burning coal, gas, and 
oil is such an important part of total production. 

Necessarily, the divisions between the studies have been 
somewhat arbitrary-the interrelations are much more im- 
portant than the separations. As the brief discussions of volume 
I make clear, a supply of energy sufficient to meet the total de- 
mand of the United States can be achieved without prohibkive 
increases in real costs only if the Nation looks at its energy 
resources as a whole; only if it exploits fully the shifting interrela- 
tionships among various sources of energy; only if it takes the 
fullest economic and technical advantage of the flexibilities in 
end-use, in distribution, in drawing on each energy source for 
its best and most efficient contribution. Moreover, the energy 
position of this Nation must be judged and acted upon in the 
light of energy needs and resources of other free nations. These 
studies therefore complement the volume I discussions and in 
turn are supported by various studies in other volumes, partic- 
ularly those in volume IV, "The Promise of Technology,'' 
which report on advances that engineering has made, or may 
be expected to make, in improving use, extraction, and distribu- 
tion, as well as on the potentialities of synthetics and fuel 
byproducts. 

The estimates of future demand herein follow the same pat- 
tern applied to key commodities in volume 11-an approxi- 
mation of the situation in the decade of the 19709s, with 1975 
chosen as a typical year of that period. Projections of United 
States energy demands for 1975 were based on the Commis- 

Four Studies on Energy 

sion's assumptions on population growth and increases in the 
total national production of goods and services, and the premise 
that international tension will continue but that a third world 
war will be prevented. These projections are not offered as 
predicitions but only as possibilities neither optimistic nor 
pessimistic, which can form a prudent basis for analysis and 
recommendation. The chapter in volume 11, "Projection of 
1975 Materials Demand," discusses the application of the 
Commission's assumptions to the individuai energy sources. 
Some of the projections in that chapter and in this volume 
vary slightly from the energy estimates in volume I, which 
were not based exclusively on demand assumptions. Estimates 
of reserves follow the findings of the chapter on "Reserves and 
Potential Resources" in volume 11. Security considerations 
have been important in analysis of the adequacy of energy 
sup~ly ,  particularly of petroleum. 

The essence of the energy problem-the total energy problem 
which in this volume is dissected in individual studies-is that 
huge further expansion of supply must be accomplished in the 
face of limitations upon the free world resource base which 
threaten to force real costs upward and whi :h might, in event 
of war, cause serious shortages. 

It is pertinent to repeat here, as summarizing the total energy 
problem which industry and Government together must attempt 
to resolve, the four questions which the Commission attempts 
to answer in volume I, with the help of the analysis presented 
in basic studies printed here : 

Does the United States have the natural resource-the petro- 
leum and gas, the coal, the waterpower-to provide enough 
energy for the future? 

Will the real costs of energy be forced upward, and will any 
resultant rise retard economic grc wth? 

In the event of all-out war at my time in the next 25 years, 
will the United States and its allies have enough fuels and other 
forms of energy to support full economic mobilization and 
maximum fighting strength? 

What opportunities are there for strengthening the long- 
term energy position of the United States and other free nations, 
and what ~7ill it take to develop these opportunities? 



Chapter I 

THE FREE WORLD'S demand for oil products can be ex~-,tctzci 
to continue to grow vigorously over the next quarter centur). 
Consumption may be expected ro double in the cnited States, 
triple in Europe, and possibly quadruple elsewhere. Free hvorld 
oil demand, about 10 million barrels dail) in 1950, rnav ac- 
cordingly approach 27 million barrels in 1975. 

The free world's liquid fuel! resources can support this tre- 
mendous increase in demand. The geological basis for greatly 
increased crude petroleum production is clearlx \isible in the 
Middle East, and prospects in Venezuela. Canada, and else- 
where in the Western Hemisphere are fax orable. In  the United 
States, however, the outlook is somewhat uncertain. This 
country is presently producing about half the world's oil on 
the basis of less than 30 percent of the world's proved reserves 
and of probably a considerably smaller fraction of the world's 
~rndiscovered deposits. 

Oil is still being discovered in this counlry more rapidl) 
than it is being produced. The  prevailing view in the petroleum 
industry is that there is no lack of places in which the search 
for oil may be successful, so that greater knowledge, improved 
technology, and increased exploratory work gike promise of 
large supplies for the foreseeable future. There are, howeker. 
some signs that the cost of new discovery and development is 
rising, as measured in dollars of constant purchasing power, 
though these signs are as yet far from clear-cut. Ultimatelv 
the growth in United States crude production will have to 
taper off as it becomes increasingly difficult to make new dis- 
coveries. In  any case, production prospects are better abroad, 
so that it will be economical for the United States to turn to 
imports to meet an increasing proportion of its growing demand 
for oil. At some point it will albo pay to supplement supplies 
increasingly with liquid fuels de r i~~ed  from the Sation's abun- 
dant reserves of oil shale, coal, and lignite. 

The gravest problem is the th rea~  to the M artime secu~it! 
of the free world implicit in the pattern of world oil suppl) 
that is taking shape. The  Eastern Hemisphere, and Europt* 
in particular, is coming to depend on huge imports of oil from 
the hfiddle East, which must he considered more ~ulnerablt. 
to attack by a potential enemy than are !Vestern Hemisphere 
sources. 

Oil is even more urgently needed in war than in peace. arid 
sources of supply and transportation routes may be 1 ulnerable 
to enemy attack. There is accordingly required a continuously 
operative joint Government-industry program of preparedness 
to meet a wartime emergency. 4 balanced reserve capacity to 
produce oil in the Western Hemisphere. and to transport and 
refine it, must be kept in being along with an ability to expand 
this capacity further in wartime as required. 

In  the near future an  emergency cushion can he maintained 
as part of the normal structure of the industrv, but additional 
arrangements are necessary to preser\ e the basis of wartime 
expansion for the more distant future. -4s free world depend- 

ence on eul~ierable sources grows, emergency expansibility of 
production in secure areas must also grow. 

There are t~vo  principal methods by which this end may be 
achieved: first, proved reserves may be set aside to be used 
only in an emergency; second, peacetime oil production may 
be so conducted that output can be greatly increased in a 
reasonable time. The second method must eventually include 
the ability to increase output through rapid buildup of shale 
oil production capacity and possibly of synthetic production 
from coal. In the less distant future, however, it seems more 
economical to maintain an emergency capacity to increase pro- 
duction through the drilling of additional wells in known fields. 
Government both Federal and State) and industry should 
therefore work toward the encouragement of exploration, and 
of so conducting operations as to preserve maximum expansi- 
bility consistent with economic operation of petroleum pro- 
duction. In  particular, the development of the Continental 
Shelf should be so governed as to provide a basis for a Jarge 
expansion of production in an emergency. 

In addition. Government research should continue to be 
directed toward bringing the production of oil products from 
shale and from coal-based synthesis to a stage where it is 
commercially attractive. Moderate financial assistance should 
be given to private companies that are ready to go ahead with 
commercial production of shale oil or of oil from coal. Such 
developments can reasonably be expected to lead to improve- 
ments and cost reductions that prorllise to make our tren~endous 
resources of oil shale and coal the basis of wartime oil security 
and long-run oil supply. 

Great advances have been made in the oil producing States 
toward the conservation of oil through use of more eficient 
methods of production. The adoption of these methods has been 
closely associated ui th State regulation of production directed 
primarily at adjusting production to demand. The principal 
obstacle to the adoption of the most efficient known produc- 
tion practices at present is to be found in the difficulty of apply- 
ing these practices while protecting the correlative riqhts of 
separate owners of a common oil reservoir. Further ad1 ances 
in conservation rnust be made not only to increase ultimate 
reco\ ery of oil and to a\oid the wastes of escessile drilling of 
wells. but also to support the increasing emergency expansi- 
bility of production that -tvill be required for wartime securitv 
of the free \vorld. 

USE AND SUPPLY IN T H E  UNITED STATES 

In the past 50 years, petroleum has changed from an in- 
significant to a major factor in the total energy supply of the 
United States. Together bvith natural gas, which is found 
largel) as a byproduct of the search for oil, it accounts for well 
over half of the Nation's present energy supply, compared to 
less than one-tenth at the turn of the century. 

The United States used more than 2% billion barrels of 
petroleum in 1950 (6.5 million barrels a day),  three times as 



much as in 1925. The rapid development of automobile, bus, 
and truck transportation created an enormous market, and the 
superiority of liquid fuel for rail and water transportation 
resulted in the extensive displacement of coal in those fields. 
In  addition, liquid fuel has many advantages in residential 
and commercial heating and in many industrial uses, and along 
with natural gas has taken from coal large sectors of these 
markets. 

Table I shows the total consumption of oil products in 1929 
and 1950 and the portions going to various major uses. 

TABLE I.-Consumption of petroleum products in the United States, 
1929 and 1950 

MILLIONS OF BARRELS 

PERCENTAGE OF TOTAL 

I tern 

Total domestic consumption: 
Annual.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Daily ........................................ 

Use I I 

1929 

-- 

940 
2.6 

1950 

2,375 
6. 5 

Transportation: 
Highway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Railroad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total transportation. . . . . . . . . . . . . . . . . . . . . . . . . .  
Residential and commercial. . . . . . . . . . . . . . . . . . . . . . . .  

Industry and agriculture: 
Manufacturing and mining. . . . . . . . . . . . . . . . . . . . .  
Generation of electricity. . . . . . . . . . . . . . . . . . . . . . . .  
Manufacture of gas. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel oils, which are derived as joint products with gasoline, 
kerosene, and lubricants, have come to find a substantial market. 
A wide variety of other products is also obtained from crude 
oil-such as wax, asphalt, road oil, coke, and chemicals. 

The four major bulk petroleum products-gasoline, kero- 
sene, distillate, and residual fuel oil-serve some uses in com- 
mon, although each is used predominantly in one or two fields, 
as shown by table 11. 

Oil products used for stationary heat and power furnish en- 
ergy in close competition with other fuels, while in transporta- 
tion and in special uses, other fuels are not closely competitive. 
The principal concern for future oil supplies therefore cen- 
ters upon transportation fuel and special products. An inade- 
quate supply of liquid fuel to meet transportation demand? 
would raise very serious problems, since a shift to nonliquid 
fuels for transportation would be difficult and expensive. 

Fortunately such a shift need never be required. Should 
domestic supplies of crude petroleum become inadequate 
and foreign crude supplies unavailable, the problem could be 
met over the long run not only through recourse to synthetics 
from oil  hale and coal, as described later herein, but also in 
part from a shift in the pattern of use. Coal, for example, could 
be used in many stationary heat and power applications, and 
more distillate could be used as diesel fuel. A whole series of 
readjustments would take place, the net effect of which would 
be to permit an increased proportion of oil products to go to 
uses where the liquid form has special advantages. Meanwhile 
synthetic liquid products from oil shale and coal might find 
substitution possibilities over a broad range of uses, both station- 
ary and in transportation. 

A N  OUTSTANDING S U P P L Y  PERFORMANCE 

36 
9 

10 
(9 

Total industry and agriculture. . . . . . . . . . . . . . . . .  
Miscellaneous 2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nonfuel uses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grand total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Many materials are possible sources of liquid fuels: crude 
oil, natural gas and natural gas liquids, oil shale, coal, lignite, 
and tar sands. Crude oil, however, is now the overwhelmingly 
dominant source, as shown in table 111. 

Production and consumption of oil in the United States 

36 
5 
6 
2 

55 
6 

15 
1 
2 
3 

1 0.05 percent. have grown vigorously since 1859, when Drake's well was 
2 Not allocable. The decline in this category from 1929 to 1950 undoubt- 

edly reflects more complete statistical information for 1950. brought in, the date conventionally regarded as the origin of 
SOURCES: 1929-Adaptedfrom Bureau of Mines Report ofZnvestigatzons, 4805, the petroleum 5ndust~"ifi this country- In the following year 

W. H. Lyon and D. S. Colby. 1950-Bureau of Mines, Annual Petroleum State- about half a million barrels were produced; in 1950 (90 yeam 
ment,"No. P 347; and Mzneral Market Report, MMS 2003. 

later), more than 4,000 times as much (table IV) . In the early 
Although transportation has dominated the great increase days of the industry, the principal demand was for kerosene 

of oil consumption since the beginning of the century, the share for illumination, but after the First World War gasoline became 
used by transportation has actually declined from 1929 to 1950, the leading product in volume and value of production. In  
while that of residential and commercial use more than tripled. 195 1, for the first time since 1929, consumption of distillate 

49 
19 -- -- 

14 
3 
2 
4 

21 
12 
6 

100 

23 
3 
6 -- 

100 

SOURCES: Bureau of Mines, Annual Petroleum Statement, No. P 347, and Miwal Market Report, MMS 2003. 

TABLE 11.-Consumption of major petroleum products in the United States in 1950 and the portion going to each princ$al use 

Page 3 

Product 

Gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kerosene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Distillate and diesel oil. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Residual fuel oil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lubricants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allother products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Use (percent of total consumption of the product) 
Consumption 

(millions of barrels) 

994 
118 
395 
554 
39 

275 

' Residen- Industry 
and agri- 
culture 

7 
6 

15 
53 
41 
38 

Transpor- 
tation 

-- 
88 
7 

2 1 
33 
59 

. . . . . . . . . .  

2. 7 
. 3  

1.1 
1. 5 

. I  

. 8  

tial and 
cornmer- 

cia1 

. . . . . . . . . .  
87 
60 
13 

. . . . . . . . . .  
17 

All other 
uses 

5 
. . . . . . . . . .  

4 
1 

. . . . . . . . . .  
45 

Percent of 
total con- 

sumption of 
all products 

42 
5 

17 
23 
2 

11 

Total 

100 
100 
100 
100 
100 
100 



TABLE 111.-C7nited States su@& and demand, crude oil and petroleum 
products, 7950 

Item 
Annual , Daily / Percentage 

(millionc of 1 (thousands of of total supplv 
barrels) ' barrelsj or demand 

Domestic production: 
Crude oil.. . . . . . . . . .  
Xatural gas liquids.. . 

Total domestic produc- 1 

tion. 2. 156 5, 906 1 86 ' 
- -  --- - - 

'~ - 

Crude oil.. . . . . . . . . . . .  I 178 ' 
Residual fuel oil. . . . . .  120 / 
Other products.. . . . .  I 12 ~ 

Total imports 310 850 12 5 
___-_-I - - - - - .- -- - 

Total new supply I 2.466 6. "56 99 2 
Stock withdra~%al 

I 
20 5 6 8 

Total supply I 2. 486 6. 812 , 100.0  
-- -- 

I- 
-- 

Demand 

Domestic consumption I 2, j75 6. 507 I 95 5 
-- -- 

Exports: 
. . . . . . . . . . . . .  Crude oil.. 

Residual fuel oil.. . . . . .  
Other products. . . . . . . .  

Total exports 111 305 4 5 
-- 

Total demand 2. 486 6, 812 1 100 0 
-- 

I- Xet imports 199 545 1 8  0 

9 . 4  percent of domestic consumption. 

SOURCE: Bureau of Minrs, Annual  Petroleum Statement ,  No. P 347, 
and Bureau of the Census. 

and residual fuel oil together exceeded gasoline consumption 
by \ olume. 

Along with this greatly increased volume of production, the 
quality of motor fuels, lubricants, and other products has been 
steadily improved and the real cost of refining greatly reduced, 
and all in all the technical performance of the petroleum 
industry has been outstanding. Prices of petroleum products. 
measured in dollars of constant purchasing pourer. were more 
than 16 percent lower in 1950 than in 1925, in spite of a 
34 percent rise in the price of crude oil in constant dollars. 

1 ~ R L E  11- - fiudzlctzon and conszrrnjtzon of petro/eum zn lhe Cnzted 
States. selected )ears. 1900 to  1Q50 

[Xhlllonc of ba~lcls 

I I 

Production. Consumption 

Spectacular as the growth has been, however, it has not kept 
up with the enormous growth of consumption, and late in 194'7 
petroleum imports began to exceed exports. The  United States 
has shifted from its former position as the world's largest ex- 
porter of petroleum to being one of the largest importers. In  
1950, net imports were 545,000 barrels a day, or 8.4 percent of 
domestic consumption (Table 111. 

FUTURE USE -4XD SUPPLY 

The consumption of petroleum products in the United States 
can be expected to grow vigorously though at a percentage rate 
considerably below that of the past 25 years. Total demand for 
petroleum products by 1975 has been projected for the Com- 
mission at slightly more than double the 1950 amount, as indi- 
cated in table V. The  projected rise may be compared with 
a 4'/2-folcl expansion of gasoline consumption, and a 2v4-fold 
growth for other oil products in the preceding 25 years. The 
slackening rate of growth of gasoline consumption is expected 
 principal!^ as the result of a slowdown in the increase in the 
nunher of passenger Lars, which are projected to consume in 
the aggreFate only about 75 percent more motor fuel in 1975 
than in 1950. 

TABLE IT.-Lhited States domestic demand for petroleum products, 
1.950 and projected 7975 

[Millions of barrels: 

Product 
I 

1950 , Projected 1975 

I I 

1 Annual Dailr i Annual Daily 

Motor fuel 1. . . . . . . . . . . . . . . . . . . .  i 994 ' 2.7  j 2,  085 5, 
Kerosene and distillate fuel. . . . . . . .  i 51 3 1 1. 4 1 I ,  180 i 3. 2 
Residual fuel oil. . . . . . . . . . . . . . . .  . ;  554 1. 5 I I >  llfl ~ 3. 1 
Lubricants.. . . . . . . . . . . . . . . . . . . .  . :  39 ' . I . /  1 3 ,  . 3 - 
Other products and losses. . . . . . . .  / 275 . 8  5 5 0  1 , s  

Total. . . . . . . . . . . . . .  i I 2,375 / 6. 5 5,000 j 13.7 
. . . . ~ . .  I 

l1950, gasoline only; 1973, gasoline, highway $iesel and LPG, and 
aviation fuel. 

SOTRCE: 1950--Bureau of hlines, Annual Petrolcum Statement, Xo. P 347. 
1975 -See vol. 11, Projection of 1975 Materials Demand. 

These projections should be considered not as predictions 
but only as the most plausible assumption of future tendencies. 
Should there be long-run stringency in oil supply, the con- 
sumption of fuel oils might decrease significantly, inasmuch 
as competitive fuels, coal in particular, stand ready to invade 
the market. O n  the other hand, if future technological ad- 
vances make possible an increased use of fuel oil for transpor- 
tation and other special purposes, demand mighr increase by 
more than is projected. The  principal question raised b) a 
doubling in demand for oil, accordingly, is how the increased 
demand for transportation and other special uses is to bc met, 
at what cost and with what safeguards for essential supplies in 
the event of war. 

RESERVES AND DISCOVERIES 

1 Not available. 

SOURCE: Bureau of Minrs. 

The future rate of oil production in the United States w2l 
depend primarily on the rate of discovery of additional resen-es 
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relative to demand. Proved reserves of crude oil and natural 
gas liquids at the end of 195 1 are estimated at 32 billion barrels, 
13 times 195 1 production and 12.5 times 195 1 domestic con- 
sumption [ I ] .  This is a fairly normal relationship between 
reserves and annual production, since over the past 30 years 
proved crude oil reserves have characteristically averaged from 
12 to 13 times annual production, as shown in table VI. 

TABLE V1.-United States petroleum reseroes, new discoveries, and new 
developments compared with annual production 

[Annual averages] 

Millions of barrels Ratio to annual 
production 

CRUDE OIL 

Period 

LIQUID HYDROCARBONS 

1 New discoveries and developments each year are composed of new 
discoveries, running about 16 percent of new reserves proved in recent years, 
and extensions and revisions of previous discoveries, running about 84 per- 
cent in recent years. 

SOURCE: 1901 to 1949-Petroleum Facts and Fipures, 9th ed., pp. 182 and 
189. 1950-51-American Petroleum Institute press release, Mar. 12, 1952. 

Public judgments of the prospects for future petroleum sup- 
plies have frequently been distorted because of popular miscon- 
ceptions concerning the nature of proved reserves. Time after 
time the fact that proved reserves were equivalent to only about 
12 to 15 years' production has come to the attention of publicists 
who have then sounded the alarm that the United States was 
about ta run out of oil. Reserves must be considered not as the 
total reservoir from which all future production is to be drawn, 
but as the basis of operations, a sort of working inventory. 
Proved reserves are indeed like a reservoir, but a reservoir 
into which there is an inflow as well as an outflow. The fact 
that at any one time reserves are only a little more than a 
decade's outflow need not of itself be alarming if a steady 
inflow can be anticipated. The future position of United States 
oil production can accordingly be gaged not by the size of 
proved reserves but by the prospects for future discoveries 
relative to future demands on production. 

If United States domestic production is to keep pace with 
the projected growth of consumption over the next 25 years 
it would have to increase at a rate of about 3 percent per 
year-to about 4% billion barrels in 1975, allowing for a 
proportionate rise in imports. To  support this growth, new 
reserves proved each year must on the average replace the pro- 

produc- 
tion 

duction of that year plus a net addition of 3 percent of total 
reserves to permit the latter to increase in proportion to the 
3 percent growth in annual production. Since reserves average 
about 13 years' annual production, 3 percent of total reserves 
equals about 40 percent of annual production. New discoveries 
and developments must accordingly run about 1.4 times annual 
production. Except during the Second World War when the 
steel shortage greatly limited exploration, and in the depression 
of the thirties when incentive for exploration was small, new 
discoveries and developments have exceeded this ratio by a 
considerable margin. In 195 1, the year of greatest gross addi- 
tion to reserves, new discoveries and new developments were 
more than double production, which also set a new high. 

The petroleum industry is confident that, given a favorable 
economic and political environment, it can continue for a 
long time to meet the growing demands upon it. I t  is generally 
accepted, however, that at some time in the future the job 
will become considerably more difficult, but there is a broad 
difference of opinion as to when that time can be expected. 
Its approach will be indicated fairly well in advance by two 
closely related developments : ( 1 ) failure to provide new dis- 
coveries sufficient to support the growth of production and (2) 
increased cost of discovering and developing oil relative to 
the general price level. 

reserves 

IS COST OF DISCOVERY GOING UP? 

Proved 
reserves 

(Dec. 31) 

New dis- 
coveries 
and new 
develop- 

As indicated in table VI  there is as yet no evidence of fail- 
ure to discover reserves adequate to support growing produc- 
tion. Any indication of future supply difficulties must therefore 
be sought in evidence of increased costs of crude oil. The total 
cost of crude oil is composed of three elements: the cost of 
finding new supplies, the cost of development, and the cost of 
lifting. In  1948, according to one estimate, finding and de- 
velopment each accounted for about 40 percent, and lifting 
for about 20 percent, of total cost [ Z ] .  Because of more wide- 
spread application of improved recovery methods, which should 
more than compensate for the additional difficulties of pro- 
ducing oil from ever greater depths, the average cost of lifting' 
a barrel of oil is likely to decrease over the next 25 years. The 
principal factors therefore will be those affecting the costs of 
discovery and development. Experts consulted by the Commis- 
sion agreed that these costs can be expected to rise in the 
United States in the future, but there is a considerable differ- 
ence of opinion as to the magnitude of the cost increase. 

Two sets of estimates are given in table VII, from which it 
appears that there was a rise of about one-third in the cost 
of finding and developing a barrel of proved reserves of crude 
oil between 1927-30 and 193641, and a further rise of the 
order of 15 percent to 1947-50. But for every barrel produced 
(as contrasted with discovered) the oil industry spends only 
very little more in constant dollars on finding and developing 
than in the past. These estimated expenditures are, however, 
subject to a wide range of error. 

Except in the depression of the thirties, about 25 barrels 
of new oil reserves were proved for each foot of well drilled 
since 1925. See table VIII. At the same time the cost of each 
foot drilled is reported to have gone up, from $4.30 per foot in 
1939 [3] to $9.44 [4] per foot in 1947, or $5.60 in 1939 dollars. 

New dis- 
coveries 
and new 
develop- 
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TABLE \'I I .--Esfzrriatfij ?.~j~cllcndilul-es j o r  jnd ing  and &celo$ing oil in 
i / : z  L7niizil Stutes per barre! npx! Yreserces proced, and ptr  bariel 
bri;/tl;ced 

[Constant doilars 1950 purcirasirig po~vcr] i 
~~~ - --- - -  

Expenditures per barrel I Expenditures per barrel 
prosed ? produced 3 

Period ~- - 

I 

~1 I l j  ' . A 4  B "  
I 

_-I . . 

A ,, 1-27-30, . . . . . . . . . .  ' U, 37 i .  . . . . . . . . . .  0.85 1 ,  . . . . . . .  
. . . . . . . . . .  1936-41. i . 51 i 0.56 I . 98 1 1. 08 

1947-50. . . . . . . . . . .  . I .  . . . . . . .  . I  6 0. 64-0. 56 . . . . . . . . . .  . I  6 1. 32-0. 32 

' Original expi:ndirures coilvcrtild to 1950 pi:rchasing powcr on basis of 
implicit price deflators for gross national product, 1929-50. Dcpartrnent 
of Commerce. ."lation01 Income Sur3plernc:lt t o  Surce?; o j  Currcr~t Bzisinejs, 1951, 
p. 146, table R. 102- and 1328 implicit dcfiator estimated by P. hl. P. C.  
staff. 

2 Total ncw crude oil reserves provcd as estimated by the American 
Petroleum Institute. 

3 Crude oil prodnccd, as reported by the Bureau of 3iines. 
4 Pctroleun -+dministration for LVar, Production Division, Novernher 1943, 

'.Survey of Expenditures for Finding, Developing and Producing Crude Oil 
in G. S. ,  1927--42." 

5 193645-estimated expenditure from '.Capital Requirements of Crude 
(3ii I'roductioa" hy Poguc and Coclucron, .Ifinbig nt~d .\Cetiillur? ,, October 
6 p. 5 3 .  2946-50-Based on data compiled b>- Posue an$Coqueron 
for 30 oil companics and published annually by the Chase National Bank. 

5 I-Iighzr figure on basis of crude oniy; loli-cr figure on basis of crude plus 
natural %as liquids [toral liquid hydrocarbonsi. 

TABLE 1-1 I1 .-Slm cziii,. o i l  7 eseries pro? ed ~.~!uiiz'r to Jootage drilled 
in (he Cnited States, 192-57 

! 1 Reserves 
rota1 footage: , Total reserves ; 

Period drilled (mil- 1 proved (millions , ~ o ~ ~ ~ ~ i { ~ ~  
lions of k e t j  of barrels) (barreb) 

I 
I 

I Figures in parentheses rcfer to total liquid hyclrocarbons (crude oil plus 
~la tura l  gas Iiq~iids). 

SOTRLE: Footage drillcd, Tb'orld Oil, Feb. 15, 19.11, p. 95, and Feb. 15, 
: 952, p. 113. Reserves: &\merican Petrolcunl Institute. 

i$s to the number of dry holes drilled relative to the number 
af successful new-field wildcat holes, statistics prepared an- 
nually by the American Association of Petroleum Geologists [5] 
show that among new field wildcats the ratio has remained 
about constant since 1944 at 8 to 1. Data for new field wildcats 
are not available for the years before 1944, but the ratio of dry 
holes to producers among all exploratory wells (including out- 
post wells to determine the outer boundaries of a known field 
and tests for new pools in old fields, as well as new field wild- 
cats) is reported to have dropped from an average of 6.9 to 1 in 
1938-41 to an average of 4.1 to 1 in 1947-50 [ 6 ] .  Various 
sources of information differ as to the total number of wild- 
cats drilled in various years but one Government agency con- 
cludes that '"he ratio of successful to total completions has not 
declined significantly during recent years. In  other words, a 
wildcat drilled today has as good a chance to be a producer as 
it would have had 10 years ago" 171. 

-411 in all, the available evidence gives some support to the 
argument that discoirery and de\ elopment of oil in the United 
States are becoming more costly, but this conclusion is not 
clearly established. I t  cannot be doubted, however, that at some 
time in the future, discovery in this country bill become much 
more difficult, with attendant rises in cost, so that eventually 
alternatives to domestic crude oil production must be sought. 

ULTIRIATE DISCOVERY POTENTIAL 

'6'arious estimates ha\ e been made of the arnouni of oil that 
can be expected r11timateI)- to be follnd and produced in the 
United States. One well-known estimate, made in 1918, was 
11 0 billion barrrls-the sum of past production, current pro\ ed 
reserves, and estimated total future discoveries of economic all\^ 
producible oil [8] .  The United States had alread) prodtlced 
35 billion barrels by the end of 1947, and proved reserk cs were 
about 21 biiiion, so that according to this estimate only about 
54 billion barrels remained to be discovered and '75 billion 
to be produced. 

The most serious challenge to this estimate is the continued 
success, since the estimate 1% as made, in discovering oil ronqhly 
in proportion to the exploratory effort. !trithin 4 years, about 
14 billion barrels of neTv reserl es, or o1.a 25 percent of the 54 
billion barrels of oil estimated as clisco\7erable. \\ere pro\ ed, 
with no sign of a declining rate of discover). In addition, a 
large part of the new resen es proved I\ as follnd in areas con- 
sidered already intensively explored. Thlzs there is a pre- 
sumption that considerably more oil remains to be found and 
recol ered than the above estimate indicates. Past estimates 
of ultimate discovery have all turned out to be much on the 
low side, and while this does not necessarily apply to till sub- 
sequent estimates, it does support the conclusion that future 
prospects for oil production must be inferred contiriuouslv from 
the success currently being ericountered in exploration and 
discovery rather than from estimates of how much may 
ultimatel) he discovered. 

IRIPROVIKC RECOVERY 

Only about 40 percent of the total oil-in-place i11 the a\ erage 
petroleum resewoir can be economically recovered at current 
prices lvith techniques currently used. The  percentage recover- 
able varies with the characteristics of the resen~oir, especiallj 
xvith the t j  pe of dri\ e that forces the oil to the surface. Accord- 
ing to modern theory there are three general types of drive, 
often found in combination: water drive, expanding gas-cap 
drive, and dissolved-gas drive. An extraction rate of 85 percent 
has beer1 achieved by water drive in the east Texas field. It is 
believed that the remaining 15 percent, consisting of oil ad- 
hering to the surface of the sand particles, could not be 
extracted without actual mining and retorting. rln expanding 
gas-cap can produce from 20 to 40 percent of the oil-in-place, 
while dissol~ed gas alone ) ields on the order of 10 to 20 percent. 

Considerable advance has been made in the past 20 or 30 
years in understanding the performance of petroleum reser- 
voirs. This improved knowledge has led to the development of 
important practices for conserving and augmenting reservoir 
energy or otherwise improving recovery. The  principal tech- 
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niques involved are the return of gas or water to the reservoir 
to maintain the drive, or the introduction of gas or water 
from other sources to augment it. Methods such as these have 
been successfully used in secondary recovery, in order to aug- 
ment reservoir energy after the economic production limits by 
primary recovery methods have been reached. In 1947 it was 
-estimated that there were more than 7 billion barrels of 
recoverable secondary oil in the United States, and in 1950 one 
authority ventured the guess that probably twice as much was 
physically recoverable [9] .  Only such portions of these reserves 
as are found in fields where secondary recovery is now under 
way are ir~cluded in estimates of the country's proved reserves. 
Of course, to the extent that full advantage is taken of the best 
techniques in primary production, the amount left for second- 
ary recovery decreases. 

To  some extent the adoption of methods to improve recovery 
is waiting until higher costs of discovery make secondary recov- 
ery a more attractive alternative method of increasing supplies. 
There is relatively little present interest in some of the techniques 
of increasing recovery because the cost per extra barrel recov- 
ered is higher than that of finding and developing new oil. 
Nevertheless, some improvements may in fact be striking 
enough to lead to their widespread adoption even in the absence 
of a rise in the cost of finding oil. 

Secondary recovery or repressuring operations are likely to 
be practical in many cases only if arrangements can be made 
for unit operation of each program. Inasmuch as each program 
is likely to affect the oil pool as a whole, it can most advantage-. 
ously be carried on if applied to the whole pool. I t  would not, 
for example, generally pay an individual leaseholder of a small 
part of a pool to attempt gas injection. In one of the earlier large- 
scale repressuring operations (at  Kettleman Hills in 193 1 ), 
considerable waste and loss of efficiency in the development 
and operation of the pool resulted from the lack of control of 
540 acres out of the total of more than 16 thousand [lo]. The 
operation as a whole did achieve some success, but the benefits 
were minimized for lack of control of less than 5 percent of the 
acreage. The advantages of unit operation are so clearly marked 
for repressuring and for secondary recovery that unitization has 
made considerable progress in these activities in contrast to its 
rare use in primary oil recovery as a whole. 

Recovery may be increased not only by maintaining and aug- 
menting the drive, but also by increasing the permeability of 
the material through which the oil must travel underground 
to reach the well. In  the great Spraberry Trend of West Texas, 
many a well would be a dry hole were it not for new techniques 
of fracturing the impervious rock to create channels through 
which the oil can flow to the bottom of the well. The amount of 
oil-in-place in the Trend is now estimated at from 10 billion to 
20 billion barrels, but the amount recoverable with present 
techniques and at present prices is calculated at only 5 or 10 
percent. This new fracturing technique, still in its infancy, is 
now coming to be applied in other localities with similar char- 
acteristics. 

I t  has been estimated [ I I ]  that about 175 billion barrels of 
oil-in-place had been discovered in the United States by Jan- 
uary 1, 1950, of which 68 billion either had been produced 
or presumably could be economically recovered with present 
techniques at present prices. That included 39 billion barrels 

already produced, 25 billion in proved reserves, and another 
4 billion barrels that presumably could be produced by appli- 
cation of conventional secondary recovery methods to fields 
where they were not yet applied. Of the remaining 107 billion 
barrels, it was calculated that perhaps 65 billion may eventually 
be recovered. I n  short it may be possible to increase the re- 
covery of oil-in-place from the current 40 percent to about 
75 percent. 

Some of the measures that contribute to improved recovery 
are being encouraged by State regulatory authorities. A bonus 
of allowable production is given in some cases for the return or 
introduction of water or gas to the reservoir; and restrictions 
on the gas-oil ratio permitted lead to the return of excess gas 
to the reservoir. These regulations make valuable contributions, 
but they are only part-way measures toward the most efficient 
operation of each reservoir as a unit. 

TECHNOLOGY OF EXPLORATION 

Great advances in the technology of identifying geological 
structures favorable to oil accumulation have been achieved 
during the last 30 years. Such geophysical methods as the 
torsion balance, gravity meter, refraction and reflection seismo- 
graphs, magnetometer, electrical and radiological well-logging, 
infrared and mass spectrometers, aerial photography, and a 
host of others have been of immeasurable benefit. Geochemistry, 
which has not been used to a great extent in the past, may play 
a greater role in the future. 

No technique other than drilling has as yet been discovered, 
however, for indicating the actual presence of oil in the ground; 
all that wildcatters can do is to determine the location of possi- 
ble traps and then to test, with the drill, whether or not oil is 
present in them. For many years, the rotary drill has been the 
chief tool in the actual locating of oil deposits. Depths greater 
than 20,000 feet have been reached. Even more recently, 
automatic controls have been developed, speeding operations, 
improving safety, and lowering personnel requirements. 

New instruments, methods, and concepts in the fields of 
exploration are being developed all the time. Many areas and 
types of formations, formerly believed to be valueless, have been 
reassessed and developed, some as a result of geophysical inter- 
pretations, others as a result of new concepts and of recognition 
of new types of accumulation such as fractured reservoirs and 
stratigraphic traps. Continuing refinements of existing methods 
and development of new techniques and concepts are necessary 
if the ratio of productive wells to dry holes is to be kept within 
bounds. 

SUPPLIES FROM ABROAD 

If domestic production of oil cannot economically keep 
pace with growing demands, the gap can be met by additional 
imports. How great the imports will be will depend on the 
size of the demand, the willingness of the United States to 
accept the imports, political conditions in the producing areas, 
and their relationships with the United States. 

The favorable conditions for expanding oil production out- 
side the United States are reflected in the greater rate of 
growth of foreign production in recent years. From 1945 to 
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1!151 ;innual prciduction of crllde oil in the United Stares 
i n c r e a d  half a b i l l io~  barrels or aborit 3') percent. while in 
the rc4t of the free norlit arinual production Increased almo\t a 
billiosi barrcls ur about 140 per ccnt, The  199.000 wells drilled 
in the L'nitcd States from 1946 to 1951 brought in nem pros ed 
reseries of 23.5 billion barrel<. I n  the same period about 50T 
ne\\ ii rils completed in the lllcidle E.ast hrouqht i ~ .  neu PI 01 ed 
rcscrl e< of 27,6 billiorl barrels. 

I n  the J*Ticicilc Eait Fro\\ th of ploductioxl is precentls lin~iicci 
almost ell$ ;rely bv available facilities for transporting and proc- 
essinq the oil rather than b\ the geoioqical potentialities. Thih 
condition is likelv to continue for iome time. Venezuela. pres- 
entl\ the qreatect single prodr~c~ng count r~  outside the I;nitect 
States. a150 ha\ many rlndel eloped poss~bilities, probably stand- 
inq someszhere between the Cnited States and the Sliddle 
East in the effort requ~rccl to maintain and extencl productlor? 
For example, in the United Statci 38 perceri: of the 44.836 
new ~vells drilled in 195 1 w ere dry holes, whereas in 1-enezuela 
the corresponding percerltnge \\ a5 1 1 per cent of thc 673 I\ ell- 
drilled, and in the lliildle East 7 percent of the 91 wells drillcd. 
Production per well in 1950 ax eraqed about 138 bar1 el< pel 
dab in 'C'rne7uela. about 3.000 irl the lfiddle Eaqt. and o n l ~  
about 12 in the United States-01 about 40 if atripper -r+ells 
are excluded. Production per rvell in the United States in 1950 
r\as somesvhat limited b) pro-rationing but not bv enough to 
affect the general significance of the comparison. 

Despite heavy transportation costs, foreign oil is no\\ com- 
peting in the United States market. At present, howex er, most 
United States imports are from Venezuela, u i th  1 e n  little from 
the hliddle East since the market> in Europe and elsex\l-lene 
in  the Eastern Hemisphere are more attracthe for the oil 
that can be supplied from the Middle East ~ i t h  the trans- 
portation and procesing facilities that no\\ exist. The cost of 
firidins and produciny oil in the Jliddle Eaqt excludinq 
ro\ alties and taxes) is much belo\\ correspondiny costs in the 
Cnited btates. Transportation rates are high but super-tanker< 
are becoming as ailable at costs far below present rates. IVith 
such super-tar~kers lfiddle Eastern oil could be cornpetiti\~el\ 
deli\ ered to the East Coast of the United Statcs. T o  the extent 
that pipeline transportation is used betrceen the 5liddle East 
ancl rhe llediterranean, costs of deli1 ering Middle East crude 
can be cut eyen further. 

Venezuela also is capable of suppls iny more oil to the Ynited 
States. -As Jliddle East crude increasing11 displaces T7eneznelan 
crude and products in the European markets, Venezl:elan 
supplies could he dii erted to the United States and the rest 
of the IYestern Hemisphere at prices no higher than at present. 
T.7enezuela can accordingls be expected to be the principal 
source of increased Tnited States imports in the next 10 01 

15 )ears. If, however. greatlv increased productiorl is required 
in Venezuela. it could probabl~ be met on17 b~ prrmittinc 
widespread exploration in areas not no\v under concecsion. 

The  flow of oil is of course influenced b\ factors other than 
pure ecolicrnic considerations. in particular, trade agreements 
and restrictions, currency considerations. national seiuritl 
policies. and the pattern of compans interests in production 
anti marketing in various area?. Se\.ertheless. the fur~damcntal 
co~dit ions of potential supplv of petroleurn throughout the 
free world in the foreseeable future arc fa.ioiable to support 
an-\ required imports into the United States. The problerns ct 

policy likely to be raised are accordingl\ the degree to ~vhich 
the United States shall choose to import oil and the reliance 
that can be placed upon foreign supplies iil an emergencv. 

S'I'XTHETIC OIL FROXI SHALE A S D  COAL 

-Another supplement to domestic supp l~  of liquid fuels car1 
be found in the production of oil products from oil shale i s  

from co;il, 'The oil content or' known dcposits of oil shalt. in 
the Lnited States. located principall~ in Colorado, Tt7\oming. 
and L-tah, is far in excess of proved crude oil resenes. The  
Bureau of Slines ebtimates the total oil content recoverable at 
prices ranging up to four times the present price of crude oil to 
be ,500 billion barrels, of ~ h i c h  80  billion barrels In the 
AIahogany Ledge is presunlabl) recoverable at crude oil price.. 
not much higher than a t  present. While a major cost of neu 
crude supplie> is that of finding the oil, the oil shale is alrcadx 
found. The coit problems of shale oil are those of mining. 
extraction. refining, and transporting the product to distant 
markets. 

The B~ireau of ;\lines has been experimenting for some )ears 
on low-ccst tcchniques for mining the oil shale and producing 
rt%fined products therefrom in a demonstration mine and rr- 
finery at Rifle, Colo. O n  the basis of this work the Bureau of 
Slines concluded that gasoline could be made from the shale 
at a coct cornparable with gasoline from crude oil. I n  April 
1950, the Secrrtary of the Interior requested the Sational PC- 
troleum Council, his official industry advisorv group. to make 
an  independent study of the probable cost of production of 
liquid fuel from shale. as we11 as a similar study of probable costa 
of productiori from the h>-drogenation of coal. The  Council's 
conclusion \+as that, after allo\ving for the return on other prod- 
ucts, gasoline made from shale on the basis of an operation 
producinq 200 thousand barrels of products dailv could be sold 
in the I,os &\ngeles market at an aserage price of 14.7 cents a 
gallon, allowing for a &percent return on invested capital. 
This compared ith Los Angeles prices a\ era$ng 12.7 cents 
per gallon at the refine? on October 6, 195 1, for e q u i ~  aient 
grade\ and proportions of gasoline. 

Some r~rrresol-, ed differences. based pritlc~pall) on the cost of 
financing. still remain bet~teen the finding< of the National 
Petroleum Council and those of the Bureau of Mines, but the 
txw studiec a q e e  fair117 closel!- on operating costs. IVhrther the 
process is now economic remains an open question, but all are 
aqreed that the production of gasoline and other products from 
shale is so close to being economic that anv considerable rise in 
the cost nf crude. say of the maqnitude of 25 or 30 percent, 
would almost certainly make the processinc of oil shale attrac- 
ti\ e commerrially. The economic rate of production, howel er, 
would be limited b? such factors as the availability of labor and 
of hvater. il study prepared by a consulting engineering firm for 
the -Army Corps of Engineers indicates that output could reach 
6,500,000 barrels per day (2,373,0110,000 barrels per year' 
before .itater ?upplies are strained if prolikion is now made tc, 
resers e M ater supplies for this industry. 

Shale oil thus constitutes a tremendous resource if something 
goes s\ronp with the crude oil supply. If, in the normal course ot 
events. the year to year results of exploratiorl for crude oil de- 
teriorate and costs of oil products from crude rise to meet those 
r d  products from oil shale, private industry can be expected to 



begin the building of commercial-scale plants. Although initial 
operation. would be small relative to the total crude production 
of the country, they must still be fairly large in order to be 
efficient. Even the smaller commercial plants considered40,- 
000 barrels a day-would produce far more than the thinly 
populated environs could absorb. A market would have to be 
sought as far west as California, where demand is expanding 
most rapidly, or east to Kansas City, St. Louis, and Chicago, 
where competition from the Mid-Continent field would be 
encountered. 

The Bureau of Mines has also undertaken operations in the 
production of gasoline and other products from coal, using two 
processes that were extensively relied on by Germany for part 
of its oil supply in the Second World War. These two processes 
are known as hydrogenation (Bergius) and gas synthesis 
(Fischer-Tropsch). The Bureau of Mines has estimated that 
gasoline and other products could be made by hydrogenation 
of coal in Wyoming at a cost of 11.1 cents a gallon at the re- 
finery, competitive with petroleum products. The National Pe- 
troleum Council estimates that the required selling price would 
be 41.4 cents. The Council also estimates actual production 
costs (i. e., all costs except income taxes and return on invested 
capital) to be 18.4 cents per gallon of total product as com- 
pared to the Bureau's equivalent figure of 10.2 cents per gallon 
of total product. 

The large discrepancy in these two estimates of gasoline costs 
was attributable to large differences of estimates in the sale 
value of coproducts, in the amount of total investment required, 
and in operating costs. These differences have not yet been 
resolved. The Bureau of Mines retained an independent en- 
gineering firm to review some of the more important cost 
factors. The resulting study supported many of the Bureau's 
figures. The over-all result of the new findings was to raise the 
Bureau's estimate of actual production costs from 10.2 cents 
per gallon of total product to 11.4 cents, still substantially less 
than the corresponding 18.4 cents indicated by the National 
Petroleum Council. 

I t  accordingly appears that, even if shale and coal are not 
yet competitive sources of liquid fuel, they are not too far away. 
A number of oil companies have interests in the shale deposits 
and are actively investigating their commercial possibilities. 
Synthetic oil from shale or coal thus sets a ceiling on the pos- 
sible rise of crude oil prices in the long run. 

Since it is almost certain that shale and coal will eventually 
provide an important part of our oil supplies, the principal 
policy issue involved is one of timing-whether to wait for the 
normal operation of market forces to bring these processes into 
large-scale operation, or in view of security considerations to 
speed up their adoption by subsidies at those points where 
they are already almost commercial. 

REST O F  T H E  FREE WORLD 

The rest of the free world consumed in 1950 only a little 
more than half as much oil as did the United States. Oil con- 
sumption can be expected to increase much more rapidly 
abroad than in the United States as the pattern of consumption 
overseas comes more closely to resemble that of this country. 
In  particular, automobiles and trucks are much less commonly 
used, but an increase paralleling the growth of motor vehicles 

in the United States over the past 25 years is in prospect. 
Furthermore, coal will probably continue to be much more 
expensive or less freely available in many countries abroad 
than in the United States. Some important industrial countries 
will find it necessary to import large amounts of energy fuels, 
and petroleum from the Middle East is likely to be the most 
economical form. Consequently, the oil demand of the rest of 
the free world can be expected to increase even more rapidly 
than in the United States, possibly increasing between three- 
and four-fold as indicated in table X. 

TAPLE X.-Free world demand for crude oil andprodzlcts 

[Thousands of barrels per day] 

SOURCE: 1929 and 1950, Bureau of Mines estimates. 1975 for U. S.- 
vol. 11, Projection of 1975 Materials Demand. 

1929 

United States.. . . . . . . . . . . . . . . . . . . 
Other North America.. . . . . . . . . . . . 
South America.. ... . . . . . . . . . . . . . . 

Total Western Hemisphere. . 

Europe.. . . .. . . . . . . . . . . . . . . . . . . . . 
Africa, Asia, and Oceania. . . . . . . . . 

Total Eastern Hemisphere. . . 
Free world excluding United States. 

Total free world.. . . . . . . . . . . 

Adequate supplies should be available to meet even this 
growth. Not only can the present great exporting areas-the 
Middle East and to a lesser extent Venezuela-greatly increase 
their production, but some countries formerly net importers 
can be expected to increase their output as well. As techniques 
of finding oil improve, areas previously deemed unfavorable 
come to have important production possibilities. Canadian 
production is already growing rapidly and may soon support 
net exports from that country. Other discoveries may be made 
in countries not now producing significant amounts of oil. Even 
in the absence of these new sources of production the Middle 
East and other major exporting countries appear to have the 
resources for meeting the projected vigorous growth in demand. 

The physical basis accordingly exists for an adequate peace- 
time oil supply at real costs substantially unchanged from those 
of the present. In  the Middle East these potentialities can be 
realized by drilling more wells and by providing tankers, pipe- 
lines and refineries to transport and process the oil. In  other 
areas the geological prospects for success in further exploration 
are promising. 

The future balance sheet of world petroleum supplies might 
look something like the hypothetical pattern in table XI, in 
which projections are compared with actual 1950 figures. 

This picture is merely one possible shape that the future 
pattern may take, but it does emphasize the prospective devel- 
opments that set the background for the future oil problems 
of the free world. Those developments are a tremendously in- 
creased level of consumption and correspondingly increased 
dependence on production in the Middle East and in the 
Western Hemisphere outside the United States. 

1950 P r ~ ~ ~ c '  
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Percent 
increase 
1950-75 

2, 580 
210 
170 

6, 510 
590 
600 

2, 960 

460 
300 

760 
1, 140 

13,700 
2,300 
2, 300 

110 
290 
283 

3, 720 168 

7,700 ---- ---- 
1, 200 
1, 100 

-- 
2, 300 
3, 490 

18, 300 

4,000 
4, 500 

-- 
8, 500 

13, 100 
---- 

138 

233 
309 

270 
275 



TABLE XI.-H~pothetical eatteln oJ flee laorld ozl supplies avd 
demand in 1.575 cnmpured u it11 1950 

[Thousands of barrels per day] 

1 Ctude oil, natural gas liquids, shale oil dnd other synthetics. 
Sor ~ c r :  ! 950, Bul cau of hlines, Iliustratl\ c 197.5, PLIPC. 

I t  is quite possible that production in the United States by 
1975 may differ considerably from the 11.2 million barrels per 
day suggested in table s?. If it should be much below, free 
world dependence on the Iliddle East and possibly on TVestern 
Hemisphere production outside the United States would be 
correspondingly greater, In  view of the wartime essentiality of 
oil, and the hazards to the Middle East in particular and to 
~vorld oil supplies and transport in general, the future pattern 
poses a serious problem of free world security and offers a strong 
challenge to public policy to encourage the grotvth of produc- 
tion capacity in the United Stares and the rest of the Western 
Hemisphere. 

PROBLEXLS OF PUBLIC POLICY 

S A F E G U A R D I N G  S E C C R I T Y  

,4s the scale of normal peacetime corlsumption grows. eier 
greater amounts of oil tvill be required for essential civilian 
needs in case of war. l loreo\er,  the scale of military require- 
ments can he expecred to groxi rapidly as well. At the same tirne 
the dependence of the free ~vorld on vulnerable supplies is also 
liltely to grow. Clearly the security problems in oil are likely 
to beccme increa~inglv dificult 9s time goes on. 

FYartime pe:rcleurn needs can be prepared for only by con- 
tinuous clay to day coopelation bet\\ een industrx and Goveln- 

cl ion rnent in the countlies of the free world. This sort of cooper t' 
made notable acbizvernents in mectirig the oil p~oblerns of the 
Second JVorld Fl'ar, and it is continrring, under the Petroleum 
Admir-tistration for Defense, to yield pood results in the United 
States in the p~ esent emer qency. 

Thc  problc~x mr:st be approached on a ~sorld-wide basis. The 
United States cannot take undue con~fort from the prospect 
that the li'esterxr Hemisphere will perhaps remain self-sue- 
cient in oil for a loilg tirne. Its friends and allies in the Eactern 

Hemisphere will become increasingly dependent on the hiiddle 
East, but if supplies from that area should be substantially re- 
duced in time of \tar, those allies would then have to be sup- 
plied from the remaining sources, largely in this hemisphere. 
The pattern of wartime supply and consumption for which 
preparation must be made is, therefore, a single comprehensi~~e 
pattern for the entire free world. 

The initial bottleneck in lvartime supply uould almost cer- 
tainly be tankers. The convoying of tankers and wartime con- 
ditions of port operation ~7ould increase turn-around time and 
so reduce the over-all capacity of the tanker fleet. Tankers would 
be sunk. Military demands for oil would require deliveries to 
ports not well equipped for unloading of taxkers and storing 
oil, so that tankers would come to be used as floating storage 
facilities. .4ll in all it can be expected that, in the absence of the 
loss of a major producing area, such as the lliddle East, tanker 
availabilities would initially govern wartime supply. If major 
producing areas (in particular the Middle East) were denied 
to the free lvorld, tankers from those runs would pre- 
sumably be available to transport increased production from 
Tt'estern Hemisphere sources. 

After tan!rers. the next most critical facilities would be refin- 
eries. Far more viilnerabIe than oil fields or even tankers, they 
offer a tempting target for aerial bombardment and possibly 
for sabotnge. A modern refinciy takes from 18 months to 2 years 
to build under normal conditions, and some of the specialized 
capacity for products needed in modern warfare takes even 
longer. Given high priorities for steel, manpower, and compo- 
nents, refineries can be constructed considerably more rapidly, 
but at the expense of other parts of the war effort. 

Finally, there is required the ability to achieve an extraor- 
dinary increase of crude oil production in secure areas, balanced 
with corresponding refining and transportation facilities first 
discussed. 

The emergency oil production and transportation cushion 
must be planned for in terms of two time phases: that cushion 
of "standby capacity" which would be immediately available 
if war should break out, and the additional increases of 
capacity and output that could be provjdt-d with satisfacton 
speed after war had started. 

As a short-term target. officials of the Defense Department 
have publicly called upon the domestic petroleum industn to 
provide a reserve capacity within the United States equal to 
15 percent of annual consumption (about a million barrels 
per day at the present consun~ption level of about 7,000.900 
barrels per day).  TVith a reserve capacitv of this magnitude, 
the United States coultl provide i t q  sliare of a!lied militam 
demand in the opening phase of a war in the nezr future. 

It has not beer: possi'ilie to guarantee the axailability of 
reserve capacity of this mag~litude up to now, because of the 
limited a\-ai1ability of steel, The oil indas~ry has been able ts 
obtain the steel it necclcd to exparxl to fiieer rising dcninnd, 
but not enough to provide a securky cushion. ,"as ample s~~pp l l t s  
of steel beconie available, however, the industry \+ill probahh 
be able to carry reser-. e capacit) of 10 or 15 percent of ciemand. 

Be\ ond this reserl e capacity, there must be maintained the 
ability to expand production, refining, and transportakon 
capacity rapidly enough to meet the developing requiremenu 
of a war and to offset losses that may be suffered. Reiining 



czpacity can be fairly rapidly expanded provided sufficient 
priority is given for the required materials and skills. It re- 
quires a longer time to construct a sizable tanker fleet. 

Additional wells can be drilled fairly quickly and crude 
production thereby increased up to the limits set by proved and 
semiproved reserves. The most important type of reserve pro- 
duction capacity in the long run will probably be the preserva- 
tion of conditions that will permit an emergency campaign of 
well drilling to bring big returns in increased crude production. 
At present and for some years such conditions are likely to exist 
as a normal feature of the petroleum industry. But as time 
goes on special provisions are likely to be required to insure 
that Western Hemisphere crude production could be expanded 
quickly, easily, and by a great amount in the event of war. 

Since it is not practicable to stockpile huge quantities of 
crude petroleum in the conventional manner, security needs 
can be met only by having underground reserves of petroleum, 
proved and semiproved, that are large enough to support a 
rapidly expanded and sustained high rate of crude output in 
the event of war. 

As the years go by, the normal reserves on which the oil 
industry bases peacetime production may prove less and less 
adequate for security purposes. The ratio of output to reserves, 
although satisfactory in ordinary years may lack sufficient flexi- 
bility to permit a large and sustained increase in withdrawals 
during an emergency. 

Even in peacetime, it is necessary in order to maintain a 
balanced flow of oil, for the industry to match withdrawals 
with at least equivalent additions to reserves, and this calls 
for continued high level of exploration and development. The 
manpower, materials, and equipment needed to support such 
effort in wartime are a heavy drain on a tight economy. More- 
over, there is no guarantee that the use of those resources will 
provide the oil that is needed. 

These circumstances must be kept in mind in looking for 
solutions to the problem of a security reserve of petroleum. 

In  theory, at least, the problem could be eased by making 
extra efforts to find additional reserves prior to any emergency 
need and then "sterilizing" them, to be tapped only in the 
event of a national emergency. 

Alternatively, the same result might be achieved if industry's 
working reserves were expanded and then maintained at ab- 
normally high levels relative to production, thus shifting the 
ratio of output to reserves. Instead of the usual ratio of 1 to 12 
or 13, reserves of 16 to 18 times production might be main- 
tained, with the surplus left unsterilized but available for 
stepped up withdrawal should the need arise. 

An example of the first approach is the Navy's petroleum 
reserve at Elk Hills, Calif., where crude oil cannot be produced 
in quantity unless the Secretary of the Navy certifies to the 
President that an emergency exists and both Houses of Congress 
pass a resolution authorizing such production. These reserves, 
which looked big when they were set aside many years ago, 
are small in the light of today's needs. During the Second 
World War, peak production on naval reserve lands was less 
than 1 percent of the national total, and such reserves in 1952 
were 2 percent of all proved reserves in the United States. 

Thus, the Government's security reserves of oil would have 
to be greatly enlarged to be of any real consequence for the 
future. 

This approach has the evident attraction of guaranteeing 
that the oil would be there if and when it is needed for an 
emergency, but it also has many practical drawbacks. If the 
Government sought to build up and set aside large reserves of 
oil for possible war use, this would involve a prolonged and 
costly process of buying up private rights to established pools 
and could prove disruptive to the normal operations of the 
industry. Possibly a simpler course would be to set aside large 
portions of the oil lands underlying the Continental Shelf, 
which is still largely undeveloped but which is believed to 
contain vast amounts of oil. In  either case, pools would have 
to be sufficiently drilled to determine their size and structure 
and to insure that they could be put to relatively prompt use 
in the event of war. Drilling and capping wells, and maintain- 
ing them in a state of readiness, is expensive and in the case of 
the Continental Shelf the cost might well prove prohibitive, 
even if present technical obstacles could be overcome. Beyond 
this, the "sterilized reserve" approach might involve additional 
heavy costs to provide standby refining and transportation 
facilities in the area so that the reserves could in fact be used 
if needed. 

These various difficulties could be avoided if private in- 
dustry, in the course of its normal operations, were permitted 
to develop the same reserves but were encouraged or required, 
as the situation warranted, to maintain a stronger reserve posi- 
tion relative to production than is average custom today. 
Annual crude production in the United States is averaging 
7 to 8 percent of proved reserves, leaving little room for a 
large and sustained increase of output, but it is noteworthy that 
private companies are finding it profitable to operate some of 
the newer and larger pools at rates as low as 3 or 4 percent. 
If reserves could be expanded more rapidly than output in the 
next decade so that the national average rate of extraction were 
lowered to say, 5 percent of proved reserves, then there would 
be great flexibility to expand output from known reserves in 
time of emergency. In view of recent experience, this might 
well be accomplished without altering seriously the normal 
economics of the industry. 

The most attractive opportunity for approaching the security 
problem in this way is provided by the Continental Shelf. If 
private industry were permitted and encouraged to develop 
these large underwater oil resources and to overcome the tech- 
nical difF.culties involved, but in such a way as to keep the 
withdrawals at a rate that could be stepped up with reasonable 
speed in time of emergency, the Nation's security position in 
oil would be greatly strengthened. This could be accomplished 
by leasing arrangements (either by the Federal Government or, 
if a portion of the rights are awarded to adjacent States, then 
by State governments) that would specify spacing of wells and 
rates of withdrawal, coupled with royalty charges sufficiently 
low to provide adequate incentive. 

Some of the geologists consulted by the Commission expressed 
the belief that, even under normal conditions, the industry will 
find it most economical to produce oil in the Continental Shelf 
at a lower rate than the current average elsewhere; thus the 
leasing arrangements indicated above might not require any 
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i;ubsiaritiiil chanpe f i  om n fiat pric ate industry svould prefer to 
.1c1 In anx ex ent. - 3 Lhr SdKrle 10q1c '1yplie4 to all petrdeui~k pools in the United 
Statcs, patticularh the n m e r  one< and those )et to be found. 
\citl:ini.tr ators of Feticral oll lands should keep this 2oal in the 

C>tef:ont ctf their operatio~~s, and State regulator) agencies. 
\r h c h  har e jur isciict~on oi rr the bulk of production, can make 
n great contribution to n'itional securitx b\ qeeking the same 
objei tise. 

The innin chal!erjr;e to industrx and Goierrlment alike is to 
iiild t\ a\ s cf a c h ~ z ~  in.! a ~uficientl\  rapid expansion of reserves 
t , ~  make possible a i a t i ~  bet\\ een output and reserx eb compnti- 
hie with both rlsing rlatloilal prucluction and a healtlw oil in- 
Just1 \ .  An) r casonable nleasurc for e~lcouraging similar ~esults 
;rr the other oil-producinq nations of the I\-estern Hemisphere 
r\ ould contribute rnuch to ihe securitx of the frer M orld. 

SHALE AND S'I'STHF,TICS 

Another basis for meetinq the securitil problem is the trc- 
n~endous potrntialiti of liquid fuels production froin shale and 
poqsibly from coal and licnite. Constant improx enlents in cost- 
zeduri~lg technoioqics mas make it possible to rxpand s)rlthetic 
p~oduction of liquid fuels from thesr source< on an rconomic 
? i , ~ ~ i s  ar!d thus ease the cecuritx ploblem, 

Because of uncrrtainties as to the future solume of domestic 
( I ude petroleurn prod~ic t k n ,  the questim aliscc as to .vl hether 
rile Goi ernmetit should accelerate de\ elopment of ii ntheric, 
],quid fuels so that the\ t\ ill be ax ailablc irl sul~stan tial q u a ~ ~ t i -  
>ies if thc Sation has to rclx 11non them. Some pri\ ate com- 
pnniei ;ire rcported to he prcpared to construct small-scale 
iiornmcrci;tl plants tor prodl~ctiorl of oi! from shale in Cola- 
i .ido if the cxtra cost 01 transporting the oil to the nearest refin- 
lric and marketing area could be met bx the Go\ ernrnent. This 
tppe~rc  10 bc a promiying posbibiliti for acquiring tlie tech- 
71i~al hnor\ ledg~ that would be needed for a rapid expansion 
t,i sinrhetic prodzlction in the elrent of an erneryencs 

The prospectc for future production of crude oil in the 
I "nited States depend primaril) on the rate of exploration and 
11s s u c ~  css. I n  the pact the rate of exploration has been respon- 
\~r.e to market conditions. Furthcrmore. disco\ eries have largely 
heen proportional to the r '~ te  of exploration \+ith such )ear to 
iear  \ari;~bilits a< is to be expected from the uncertainties 
inherent in rvildcatting. 

The  principal influence of public polici to date upon the 
1 ate of exploration for crude oil. bei ond the pro\ is1011 of thfl 
gc~uer,tl legal and social frarneicork in which the free enterprise 
rif  the x~ildcntter can flourish, is to be found in the tax sxstem. 
111 particular, the provisions permitting the expensing of the 
~rltanpibie costs of drilling and the charging of depletion as a 
pert entaye of the vaiue of oil produced and sold ha l e  acted 
a, po\\erful stimulants to exploration. If these provisions nere 
I emoved, wildcattiny actii ities ould be sharply reduced u ith 
t\%o possible results. Either domestic petroleum prices ~vould 
e\entualIy rise in response to reduced production, tendiny to 
restore the incenti\e to exploration, or more probably under 
paescnt circumstances, imports ~vould increase. 

These tax  pro^ 1~1311s ale disc~lssed 111 i olume I as the\ appl\ 
to the entLre miner als mdustn . The conclus~ons there reached 
are In particular appiicdble to petroleum. I t  u as there recorn- 
mended that percentaqe depletion be retained because of its 
stronq ~nducemenr to rick capital to enter the mineral\ in- 
d l~~ t r i e s  fields but that the rates now prcnided in the Internal 
Re\ rnue Code be ralsed no further. I t  \(,as also n lg~ r i r ed  that 
there 1s one notable exceptloll tc) thls concluslon- exploration 
'ind der elopment cost\ for minerals should be filllv expensible 
for tax purposes hrcause of the direct incenthe this arrange- 
ment gn es for cap~ta l  to taLe nshs in hiqhli uncertam fields 
Such expenslnq ~ o u l d  he iikcix to be particuiarh important for 
the pet~oleum ~ndustr i  whose annual exploration and de\ ciop- 
rnent cost, are nleasu~ed in billions of dollars. 

COXSERVATIOS IS PRODUCTIOS 

There has been a great deal of controversy ober oil conserva- 
tion, rising largely from two different concepts of waste. One, 
the absolute concept, regards it as wasteful if any recoverable 
oil is lost; the other, the economic concept, regards it as waste- 
ful only te lose oil that couid be saLed at a cost less than the 
value of oil The econornic concept need not stop \\ith waste of 
oil. If, for example, steel and human effort are tcasted in drill- 
ing unriecessary \\ ells, that is as much a matter of public concern 
as is inlproper extraction that leaves too much oil behind. Fun- 
damentall\, the eco~lorr~ic concept of conservation boils do\$ n to 
eficientc\ of operatio11 and the a\ oidance of u a t e  of material.; 
and human effort, as 19 ell as oil resources. 

-4s \ iert ed todai , pact histor\ furnishes examples of tt aste on 
a grand scalp in the produchon of oil. I n  the earlv days of the 
~ndu.tr\ itells ~ l e r e  run vide open, frequently leadlng to tre- 
rnendou:, losseij aboir  ground from fire nnd eLaporatlon dnd 
heiost ground from impairment of the producing capacith of 
the oil pools. sjith ultimnte reco\er\ far below the amount that 
co~rld be recol er ed mde r  the best modern ope1 ating practice. 
Z'ery little \\as knoltn of the nature of oil deposits and much 
TL dhtc resulted fro111 that iqnorance. Furthermore, under the 
Iniv of the doctrine 3f capture, the oil from beneath the land 
of mam oil ners became the p r o p e ~ t ~  of ths one first ablr to 
rzctiic e it to hi> o u n  posqession. C:onsequentlv the prize vent  to 
the one i s  ho produced the m0.t oil the fa.test irrecpectix e of the 
ciamage that might be done to the pool as a producinc u n ~ t  

The  le-ulting \vide-open flois had little relatlorl to market 
demarld y o  that I\ hen ?reat next disco\ eries \\ere made a dis- 
ruption of the market follo\t ed, the oil sometimes selling at fnn- 
t a s t i~a i l~  lor, prices. llcasure> Lame to be adopted in the earlv 
t h i ~  ties in the oil-producing States that ha\ e since e.rablished 
orderly nlcthods of regulat~on of oil production, These meas- 
ures, and the authorities which enforce them, hace made notable 
conrributions to economic conserr ation in the produrtion of 
crude oil. and, niore recently, of naturnl gas and condensate. 
Progress has been c,rraciual, hor te~er ,  against a yreat deal of 
opposition based part11 on misunderstanding, but more funda- 
mental11 on the conflict with the interests of irldibidual lease- 
holders or r o~a l t )  ounels ~ h o  ielt that the) could do be~ter  
7l ithout rt3qulations. e\ en though all producers as a group ere 
better off for the leguiations. The doctrine is no\+ firrnl) cstab- 
lished that the State go\ ernments has e the power of makmg 
and enforcing regulations designed to aioid waste and to pro- 
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tect correlative rights in the production of petroleum and 
natural gas. 

The principal measure of regulation has been the device of 
prorationing, exercised by State authorities in most of the 
important oil-producing States. The mode of operation consists 
in setting a limit on total production of oil in each State and 
an allocation of allowable production among the individual 
wells or producing units. As the system operates at present the 
limits set by prorationing are geared to estimates of market 
demand made by the individual State authorities, usually con- 
sistent with the U. S. Bureau of Mines estimates. The Federal 
Government cooperates closely with the State regulatory au- 
thorities not only through the activities of the Bureau of Mines 
in estimati~lg demand, but also through legislation (the Con- 
nally Act) that excludes from interstate commerce oil produced 
in contravention of the regulations of the State authorities. 

The first achievement of State regulation of petroleum pro- 
duction was essentially that of adjusting output to market de- 
mand through prorationing, thereby bringing greater market 
stability. The conservational consequences came largely from 
the fact that some limitation on production per well, and 
perhaps more important, regulated uniformity of production 
among wells, does lead to a better preservation of the produc- 
tive capacity of the oil reservoirs. Gradually the State authori- 
ties have extended the scope of their regulations. Limitations 
on the oil-gas ratio have been imposed to reduce the waste of 
natural gas and to prevent excessive impairment of the gas 
pressure. Similar regulations have been imposed to preserve the 
driving force of underground water pressure. I t  has been esti- 
mated that perhaps 50 percent more oil has been recovered 
during the last 20 years than would have been recovered in 
the absence of state regulation.* The State authorities have 
cooperated in seeking methods of avoiding waste through the 
Interstate Oil Compact Commission. 

One other major form of waste-the drilling of too many 
wells-has been slower to feel the impact of State regulation; 
in some measure prorationing, as it was applied, actually gave 
incentive to excessive drilling by setting production quotas 
somewhat in proportion to the number of wells. In the most 
important producing States, however, the regulating authori- 
ties now have the power, within limits, to govern the spacing 
of wells, and so to reduce excessive drilling. 

Little progress has so far been made in achieving a unified 
program of operations for each oil reservoir best fitted to the 
particular characteristics of that reservoir. An oil pool is a 
complex structure with ultimate recovery depending upon how 
skillfully advantage is taken of the particular shape and struc- 
ture of the pool, and of its gas and water pressures. In the 
absence of a unified operation program it is likely that wells 
tapping pools with multiple ownership will be located improp- 
erly for maximum efficiency of development, even where 
regulation provides for minimum spacing. 

The principal obstacle to a unified operation is the inevi- 
table holdout, the leaseholder or royalty owner who thinks he 
can do better without the unit operation, even though the pool 

"Robert E. Hardwicke, "Adequacy of Our Mineral Fuels," Annals o f  
the American Academy of Political and Social Science, May 1952. 

as a whole will do much better with unit operation. In some 
States unit operation can be made compulsory for a pool under 
certain conditions, usually if owners of a specified majority 
of the acreage agree, but such agreement has been so difficult 
to achieve that very few common sources af supply have so 
far been subjected to unit operations, except where special 
conditions make unit operations imperative as in condensate 
reservoirs or in secondary recovery. Petroleum engineers have 
largely demonstrated the benefits of unit operation. I t  is up 
to the lawmakers and industry leaders to devise arrangements 
for achieving unified operating programs with proper respect 
for the rights of each leaseholder to his fair share. The problem, 
although difficult, does not appear insoluble. 

All in all, though considerable progress has been made over 
the past 15 years toward greater conservation of oil resources, 
much room remains for further progress. 

CONSERVATION IN USE 

There are likewise large opportunities for conservation in 
use of oil, especially in the design of passenger automobiles 
and in their operation. There is no doubt that the estimated 
680 billion passenger miles of automobile travel in the United 
States in 1950 could have been achieved at a lower expenditure 
of gasoline than the 24 billion gallons actually used. If, for 
example, passengers rode three or four to a car in cars aver- 
aging 25 to 30 miles to the gallon, only 7 to 9 billion gallons 
would have been required. 

The American public is willing to pay added costs for the 
comfort of large cars and for the pleasure of what is popularly 
referred to as automobile "performanceyy-power to accelerate 
rapidly, to maintain high speeds, and to climb hills in high 
gear. 

The additional possibilities of improving mileage per gallon 
without using smaller cars or less powerful engines are rather 
limited, in spite of the dramatic fact that the automobile 
utilizes only 6 percent of the energy put into the gas tank. 
The theoretical efficiency of an automobile engine at full load 
is about 25 percent. The average fuel utilization efficiency of 
the American motor car is so low relative to the best attainable 
largely because it operates most of the time under a low load. 
The average automobile is probably capable of carrying five 
or six persons at steady high speeds, yet it is estimated that in 
1950 the driver rode alone in more than half of the private car 
trips while in less than a fifth of the trips did he have two or 
more passengers with him. 

There are three principal methods of improving the efficiency 
of the automobile by change of design without sacrificing 
comfort or performance: increasing the compression ratio, 
supercharging, and use of an overdrive or an automatic trans- 
mission designed for maximum efficiency. The efficiency gained 
from an increased compression ratio is, however, at least in 
part illusory because a great deal of energy is lost at the refinery 
in making the high-octane gasoline that must be used. Super- 
charging designed to increase economy presents difficult 
engineering problems. The biggest scope for improvement 
therefore probably lies in greater use of the overdrive or of an 
automatic transmission. I t  has been estimated that a combina- 
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tion of high compression ratio and fully automatic transmission most in the future if our import policy continues to permit oil 
or suitable overdrive might double automotive efficiency from consumers to have access to the lowest cost sources consistent 
the usual 15 or 20 miles per gallon to 30 or 40, without any with security. Geological and economic conditions throughout 
loss in performance characteristics. the world favor an increasing reliance on imports to meet a 

The average utilization efficiency, with allowance for the considerable  art of the future of United States con- 
greater work done in moving a given distance at high speed, can 
also be increased by giving the private automobile the kind of 
highways and streets on which it can operate at its maximum 
efficiency. That means the construction of city express high- 
ways along which cars could run at 40 or 50 miles an hour 
with a minimum of stops, and cross-country highways on 
which even higher speeds can be safely maintained. Much 
greater gains are likely to be achieved in the United States 
from further development and improvement of the street and 
highway system than from fuel economies derived from im- 
proved designs of cars and engines. 

CONSERVATION ON FEDERAL OIL LANDS 

Production of crude oil from federally controlled lands in 
recent years has run about 6 percent of total production in the 
United States. Proven reserves on these lands constitute about 
9 percent of those of the entire country. 

Production from such lands is likely to increase, particularly 
if the submerged oil lands of the Continental Shelf remain 
under Federal control. Recent Supreme Court decisions have 
confirmed Federal rights to the submerged lands adjoining the 
States, but legislation is currently being considered to transfer 
some of these rights to the States. In either event the oppor- 
tunity should not be lost for insuring that this great potential 
source of petroleum be developed in a manner consistent with 
efficient productive practices and with the needs of security. 

At present, federally controlled oil lands are leased under 
terms that permit Federal authorities to require adoption of 
efficient operating practices, within the general context of State 
regulation and private ownership of other parts of fields in 
which the federally controlled oil lands are located. About 50 
percent of the production from federally controlled lands comes 
from fields with unit operation. In many cases the federally 
owned lands constitute only part of the fields in which they are 
located, so that their operation must be conducted in a manner 
not greatly different from that of neighboring holdings, gov- 
erned largely by the regulatory policies of the States. Depar- 
tures from technically desirable operating conditions are often 
necessary in order to avoid drainage by neighboring leasehold- 
ers, or for other reasons associated with the absence of unit 
operations. 

The major responsibility for the regulation of operations in 
fields only partly federally controlled must remain with the 
State authorities, with the Geological Survey continuing to re- 
quire Federal lessees to follow the best practices consistent with 
the operations on neighboring tracts. Unit operation can be 
required in fields that are entirely publicly owned. I t  should be 
possible to maintain reserves at those fields at the highest level 
commercially feasible relative to annual production. 

IMPORTS AND TARIFFS 

The energy economy of the United States has prospered on 
the basis of using the cheapest available fuels and can prosper 

u 

sumption, even though United States production of oil can 
also be expected to continue to grow. Consumption is ex- 
pected to increase more rapidly than production, so as to 
leave room both for increasing imports and a healthy domestic 
petroleurn industry. 

The present excise tax on imports of crude oil and fuel oil 
stands at 21 cents a barrel for all imports over a quota, which 
in each year is equal to 5 percent of the previous year's run 
of crude to refineries in the United States. Other refined prod- 
ucts are taxed at a comparable level, except for gasoline and 
lubricating oils, which are taxed at  prohibitive levels. 

I t  is clearly to the interest of the United States and the rest 
of the free world to develop the oil production capacity of the 
Western Hemisphere. In  view of this fact and of the general 
desirability of reducing trade barriers throughout the free 
world, the tariff on crude oil should eventually be abolished. 

In  the short run, however, the problem involves many com- 
plicated questions affecting broader foreign diplomatic, eco- 
nomic, and trade policies. Within that larger framework 
considerations other than those that are the special concern of 
this Commission must largely govern the tariff policy. None- 
theless, heavy weight should at all times be given to the impor- 
tance of demonstrating, clearly and consistently, to oil exporting 
nations our basic long-run policy of encouraging foreign oil 
development and imports to the United States, to the fullest 
extent consistent with security. 
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Natural Gas 

THE SITUATION IN BRIEF There is no doubt that a potential market exists for all the 

THE CONSUMPTION of natural gas in the United States has 
been rising dramatically since the twenties. More than five 
times as much was marketed in 1950 as in 1925, and the 
increase in consumption in 1951 was the largest in history. 
Natural gas now supplies more than 18 percent of the energy 
used in the United States as compared with 4 percent of a 
much smaller total energy use in 1920. This impressive growth 
was based on great new supplies of natural gas that have become 
available largely through discoveries resulting from the exten- 
sive search for oil. In the past two decades there has been a 
rapid development of gathering and transporting facilities to 
carry these supplies to markets. Extensive markets have been 
developed near the source of production where gas prices have 
been far below those of competitive fuels for the energy con- 
tained, while in more distant markets consumption has been 
stimulated both by the superiority of natural gas in specialized 
uses and by favorable prices. 

natural gas that can be produced, transported, and distributed 
in the United States, so long as it is offered at prices more 
favorable than for other fuels for the energy contained. The 
future position of natural gas in the energy economy therefore 
depends on how much more of that fuel is discovered and how 
efficiently the Nation recovers and uses that which is found. 

Natural gas is subject to greater regulation than its prin- 
cipal competitors, coal and fuel oil. Its distribution is regulated 
by State public utility commissions in a manner similar to the 
regulation of electric power, its interstate transportation by 
the Federal Power Commission somewhat after the same 
pattern, and its production by the State authorities who regu- 
late petroleum production. Many problems arise from the dif- 
ferent aims and methods of these regulatory agencies, as well 
as from the fact that regulated natural gas competes with 
unregulated fuels. 
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There are four important challenges to our natural gas processing, storage, gathering, and transportation facilities are 
economy : developed, market forces can be expected to bring a steady 

improvement in directing gas to those uses and those markets 
a )  To stimulate maximum economic discovery of natural gas 

that can be served by natural gas to the greatest economic resources. 
advantage. The natural gas industry should have ample in- 

b )  T o  avoid waste in the production of natural gas and to centive to improve the pattern of use in this manner, since the 
insure that full advantage is taken of the driving force special advantage uses can afford to pay a higher price. State 
of natural gas in lifting oil in order to get maximum and Federd policy must join with private enterprise in en- 
economic recovery of the oil and gas. couraging a rapid adjustment of the production and con- 

c )  To improve the pattern of use so that relatively more gas 
goes to those uses in which it has a special advantage, 
and relatively less to those that could be served just as 
well by other fuels. 

d )  T o  lay the basis for an orderly transition to other fuels at 
that distance but inevitable date when natural gas pro- 
duction .falls off. 

New discoveries of natural gas largely depend on the extent 
of exploration for oil, although exploration for gas itself is also 
becoming important. Present oil and gas prices and tax pro- 
visions are favorable to exploration, and for many years gross 
additions to proved reserves of natural gas have been running 
about twice as large as production. 

Regulation by State authorities of the conditions of produc- 
tion has helped to reduce the percentage of gas wasted in the 
field and to increase the effective use of the driving force of 
gas in Lifting petroleum. Much room for improvement remains, 
however. The standards adopted vary considerably from State 
to State, and there is need for the adoption of higher standards 
and the improvement of operating practices. 

Much also remains to be done in improving the pattern of 
use so that, over time, greater economic benefits will be derived 
by the Nltion from its natural gas resources. As distribution, 

sumption patterns of natural gas. 
Sooner or later, and probably before the end of the century, 

the meteoric natural gas industry will pass its peak. I t  is not 
now and may never be possible to supplement domestic sup- 
plies with large imports, though at least modest imports from 
Western Canada to the Pacific Northwest seem assured and 
conceivably it may later become economical to import natural 
gas from Mexico. Nor is there yet developed a substitute 
gaseous fuel, as there is a substitute liquid fuel, derived eco- 
nomically from abundant solid fuel reserves. Gas manufactured 
from coal with presently known techniques is far too expensive. 
Some thought must now be given to the prospect of ultimate 
exhaubtion of natural gas resources in guiding the present de- 
velopment of the industry, as well as to the encouragement of 
research on the economical production of substitutes from coal 
or of research into other energy sources such as solar energy 
to replace gas when the time comes. 

USE AND SUPPLY O F  NATURAL GAS 

Gas is a perfect fuel for stationary heat and power instal- 
lations. I t  offers maximum cleanliness, produces no residual 
waste products, requires the simplest equipment for burning, 
and requires no storage equipment on the premises of the con- 

TABLE I.-Aoduction of natural gas in the United States, 1935-50 

[Billions of cubic feet] 

1 Marketed production plus quantities returned to ground, plus losses and waste. 
2 Partly estimated. Includes direct waste on producing properties and residue blown to the air. 
a Includes consumption, exports, and net change in underground storage. 

SOURCES: U. S. Department of the Interior, Bureau of Mines, Minsrals rearbook, various years: also reported in American Gas Association, Gas Facts, 
1950 edition, p. 46. 

Page 16 I 

I 

-- 

1 
I 

Repressur- 
lng 

90 
74 
85 

102 
171 

353 
644 
753 
825 
883 

1,062 
1,038 
1,083 
1,221 
1,273 

1,397 

Year 

1935 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1936 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1937 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1938 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1939 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1940 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1941 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1942 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1943 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1944 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1945 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1946 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1947 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1948 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1949 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1950 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Estimated net 
production 

2,408 
2,571 
2,854 
2,960 
3,162 

3,331 
3,459 
3,701 
4,336 
4,731 

4,840 
5,152 
5,650 
5,958 
6,274 

7,083 

a 

Losses and 
waste 

439 
346 
381 
601 
624 

597 
566 
556 
820 
916 

798 
999 

1,068 
810 
854 

801 

Estimated gross production 1 

Marketed 
production 

1,969 
2,225 
2,473 
2,358 
2,538 

2,734 
2,894 
3,146 
3,516 
3,815 

4,042 
4,153 
4,582 
5,148 
5,420 

6,282 

Total 

2,498 
2,645 
2,940 
3,061 
3,334 

3,694 
4,104 
4,454 
5,161 
5,614 

5,902 
6,190 
6,733 
7,179 
7,547 

8,480 

From gas 
wells 

1,493 
1,484 
1,614 
1,567 
1,833 

2,095 
2,491 
2,885 
3,227 
3,650 

3,888 
3,807 
3,770 
4,589 
4,986 

5,603 

From oil 
wells 

1,005 
1,161 
1,326 
1,494 
1,501 

1,599 
1,613 
1,569 
1,934 
1,964 

2,014 
2,383 
2,963 
2,590 
2,561 

2,876 



TABLE 11.-Disposition of marketedproduction of natural gas in the United States, 7935-50 

pillions of cubic feet] 

sumer. The flow characteristics of gas make it particularly 
amenable to automatic operation and control, and to flexible 
use. I t  has zero warm-up and burn-down periods. Exact tem- 
peratures can be attained and maintained with little effort. I t  
is also an excellent raw material for the chemicals industry. 

Whenever oil is found some gas is found along with it dis- 
solved in the oil. Some additional free ("associated") gas also 
is frequently found in contact with the oil. In both cases the 
pressure of the gas provides a driving force that causes the oil 
to flow, or shares this function with a water drive. The dissolved 
gas also improves the flow characteristics of the oil. In earlier 
years the main economic function of the gas was to "drive" the 
petroleum to the surface, after which it was vented to the air 
and burned. For years a heavy surplus of gas existed in source 
areas, particularly the Southwest, while a large potential de- 
mand remained unsatisfied in distant market areas-a paradox 
that reflected the difficulty of transporting gas. Vast quantities 
were physically wasted. 

Gradually, substantial local use began to be made of surplus 
gas from oil fields. Industries that needed large quantities of 
cheap fuel gravitated toward the gas fields. Great technical 
progress was made in returning gas to the ground to "re- 
pressure" oil pools, thereby both increasing the low-cost recov- 
ery of oil and conserving gas for later consumption. Finally, and 
of greatest importance, the industry since the 1930's has rapidly 
increased its gathering lines and its long distance pipelines-a 
combination that has opened up tremendous markets over a 
large portion of the United States. 

In 1950 about one-third of the gross production of natural 
gas came from oil wells, and two-thirds from gas wells. Produc- 
tion from gas wells is closely tied in with the oil industry, how- 
ever, because most of them are in fields discovered in the process 
of looking for oil. At present about 4.6 thousand cubic feet 
( M  cu. ft.) of economically recoverable natural gas is being 
discovered per barrel of recoverable petroleum, but the ratio 

is expected to rise as a result both of deeper drilling for oil and 
of exploration for gas by itself. As a rough rule of thumb it has 
been estimated that for every barrel of recoverable oil dis- 
covered in the United States in the future there will be discov- 
ered about 6 M cu. ft. of recoverable natural gas. The energy 
content of 6 M cu. ft. of natural gas is approximately equal to 
that of a barrel of oil, so that future oil and gas discoveries in 
the United States are likely to be approximately equal in terms 
of recoverable energy contained. Consequently, in the long run 
we may expect the share of natural gas in total energy produced 
to approach that of crude petroleum from domestic sources. 

The production of natural gas, like that of petroleum, is 
highly concentrated in the Southwest. Texas is the leading pro- 
ducer, accounting in 1950 for about 52 percent of the country's 
gross procluction. Louisiana is next with about 13 percent, fol- 
lowed by California and Oklahoma at 9 percent and 8 percent, 
respectively. The Appalachian field (Pennsylvania, West Vir- 
ginia, Ohio, Kentucky, and New York), which provided about 
70 percent of national production in the decade before the 
First World War and still produces about as much as it did 
then, now accounts for less than 6 percent of national produc- 
tion and has a little more.than 2 percent of proved reserves. 

The production and disposition of natural gas in the United 
States for the years 1935 to 1950 are shown in tables I and 11. 
The estimated gross production in 1950 was about 8.5 trillion 
cubic feet. This is the total gas reported as having been with- 
drawn from the ground. I t  includes some of the gas vented to 
the air, where that has been estimated, but does not include all 
such vented gas, whose production is frequently not reported. 
Of this 8.5 trillion cubic feet, about 1.4 trillion was returned 
to the ground for future withdrawal and in order to maintain 
pressure to facilitate future recovery of petroleum or natural 
gas liquids. About 0.8 trillion was reported as loss and waste 
before muketing, leaving 6.3 trillion as marketed production. 

E ~ -  
ports 

7 
7 
5 
2 
3 

6 
8 
9 

11 
15 

18 
18 
18 
19 
20 

26 
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1 Includes consumption, exports, and net change in underground storage. 

SOURCE: U. S. Department of the Interior, Bureau of Mines, Minerals Yearbook, various years; also reported in American Gas Association, Gas Facts, 
1950 cdition, p. 46. 

Net change 
in under- 
ground 
storage 

11 
11 
14 
15 
8 

15 
16 
21 
19 
10 

25 
19 

9 
57 
66 

59 

Year 

1935 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1936 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1937 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1938 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1939 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1940 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1941 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1942 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1943 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1944 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1945 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1946 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1947 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1948 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1949 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1950 ............................. 

Residential 
use 

314 
343 
372 
368 
391 

444 
442 
498 
529 
562 

607 
661 
802 
896 
993 

1.198 

Marketed 
produc- 

tion 1 

1,969 
2,225 
2,473 
2,358 
2,538 

2,734 
2,894 
3,146 
3,516 
3,815 

4,042 
4,153 
4,582 
5,148 
5,420 

6,282 

Commer- 
cial use 

100 
112 
117 
116 
119 

134 
145 
184 
205 
221 

230 
242 
285 
323 
348 

388 

~~~t in 

g i k  

41 
47 
52 
48 
54 

59 
65 
71 
82 
94 

98 
103 
128 
127 
138 

171 

Industrial use 

use 

580 
619 
651 
659 
681 

712 . 686 
721 
781 
855 

917 
898 
934 

1,022 
1,060 

1,187 

Other 
industrial 

use 

91 6 
1,086 
1,262 
1,153 
1,283 

1,365 
1,531 
1,643 
1,889 
2,059 

2,145 
2,213 
2,405 
2,704 
2,795 

3; 253 

Total 

1,496 
1,705 
1,913 
1,812 
1,964 

2,077 
2,217 
2,364 
2,670 
2,914 

3,062 
3,111 
3,339 
3,726 
3,855 

4,440 



As shown in table 11, about 70 percent of 1950 marketed 
production went into industrial uses-almost 20 percent into 
field uses and more than 50 percent into other industrial uses. 
Residential and commercial consumption absorbed about 25 
percent of marketed production, while the remainder (about 
4 percent) was accounted for by transmission losses, net addi- 
tions to underground storage, and exports. 

~ i a d  uses include power for drilling, and raw material and 
fuel for plants that extract gasoline and other liquid products 
from the gas. In  this last use only the difference between the 
gas taken into such plants and the gas returned to the line 
after removal of liquid products is counted, since the returned 
"stripped" gas can be consumed elsewhere. 

In  nonfield industrial uses the largest consumers are electric 
power generating plants, oil refineries, and carbon black plants, 
in that order. These three activities in 1950 consumed almost 
half the natural gas used industrially outside of field uses. The 
most important remaining industrial consumption is in the 
metal industries. (See table 111.) 

Well over half of the gas marketed is consumed in the general 
area in which it is produced. Texas, California, and Louisiana 
consume more than half the gas used throughout the country. 
In  1950, 2.5 trillion cubic feet (about 40 percent of net mar- 
keted production) went into interstate sfiipments, as compared 
with 0.2 trillion, or 17 percent in 1925. About 75 percent of the 
gas moving across State lines originated in Texas, Louisiana, 
and Oklahoma. The principal net importing markets in 1949 

were Illinois, Ohio, and Pennsylvania, though since then the 
pipelines have been extended to New York, New Jersey, and 
New England. 

GAS IS CHEAP ENERGY 

The current average price of natural gas in the field is much 
lower, for the energy contained, than that of crude petroleum. 
A barrel of petroleum sells at the wellhead in Texas or Louisiana 
for about $2.65 on the average, while its thermal equivalent in 
natural gas sells on the average for about 30 cents in the same 
producing regions. (See table IV.) That average price of 5 
cents per M cu. ft. largely refers to gas sold at old contracts 
at low prices; contracts are currently being made in Texas and 
Louisiana at double or more the price in old contracts. Pro- 
vision is often made for later price rises, typically at the rate of 
1 cent for each subsequent 5-year period. Field prices are, of 
course, higher at fields that are closer to markets. For example, 
the average 1950 prices at the well were about 12 cents in 
California, 19 cents in Ohio, and 25 cents in Pennsylvania. 

For those customers who can purchase and use the natural 
gas at or near the Southwest fields the low prices represent 
tremendous bargains. For the large industrial energy users the 
relevant comparison is between the price of residual fuel oil, 
about $1.75 at a Texas refinery, and the cost of equivalent 
energy in natural gas at 30 to 36 cents on old contracts, or 
60 to 70 cents on new contracts. 

TABLE 111.-Industrial consumfition of natural gas in the United States, by type of industry, 7932-50 

[Billions of cubic feet] 
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Year 

1932.. . . . . . .  
1933 ........ 
1934.. . . . . . .  

1935.. . . . . . .  
1936.. . . . . . .  
1937 . . . . . . . .  
1938 . . . . . . . .  
1939.. . . . . . .  

1940.. . . . . . .  
1941 . . . . . . . .  
1942.. . . . . . .  
1943.. . . . . . .  
1944.. . . . . . .  
1945.. . . . . . .  
1946 . ....... 
1947.. ...... 
1948.. . . . . . .  
1949.. . . . . . . '  
1950.. . . . . . .  

1 Includes small quantities of manufactured gas, believed to be negligible. 
3 These data available only from the Census of Manufactures for 1939 and 1947; amounts are included in "other industrial." 
8 Excludes carbon black. 

SOURCES: U. S. Department of the Interior, Bureau of Mines, various publications; U. S. Department of Commerce, Bureau of the Census, Census of 
Manufactures, 1939 'and 1947. 

Total 

(1 

1,168 
1,185 
1,385 

1,496 
1,705 
1,913 
1,812 
1,964 

2,077 
2,217 
2,364 
2,670 
2,914 

3,062 
3,111 
3,339 
3,726 
3,855 

4,440 

Field use 

(2) 

529 
491 
555 

580 
619 
651 
659 
681 

712 
686 
72 1 
781 
855 

917 
898 
934 

1,022 
1,060 

1,187 

Carbon 
black 
plants 

(3) 

168 
190 
230 

242 
283 
341 
325 
347 

369 
365 
336 
315 
356 

432 
47 8 
485 
481 
428 

41 1 

Petro- 
leum 

refineries 

(4) 

67 
66 
80 

$0 
93 

113 
110 
98 

128 
148 
202 
244 
315 

338 
332 
364 
441 
422 

455 

Portland 
cement 
plants 

(5) 

21 
22 
27 

27 
37 
40 
37 
40 

42 
54 
65 
52 
36 

38 
58 
60 
72 
85 

97 

Electric 
public 
utility 
power 

plants 1 

(6) 

107 
103 
128 

125 
156 
171 
170 
191 

183 
205 
239 
306 
360 

26 
307 
373 
478 
550 

629 

Other 
industrial 

(7) 

275 
312 
366 

442 
517 
597 
511 
607 

643 
759 
801 
972 
992 

1,011 
1,038 
1,123 
1,232 
1,311 

1,661 

Selected industries 2 

Food 
and 

kindred 
products 

(8) 

80 

109 

Paper 
and 

allied 
products 

(9) 

33 

69 

Chemical 
and 

allied 
products3 

(10) 

55 

154 

Primary 

indus- 
tries 
(11) 

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
149 

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
168 

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

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

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

Glass 

(12) 

64 

87 

Clay and 
similar 

products 

(13) 

45 

74 



TABLE 1V.-Average value of natural gas at the wells and at poznts of 
consumption in 7950, by States 

[Cents per thousand cubic feet] 

I 1 

Average value at points of 
consumption 1 Aver- 1 

State value 1 a:Ells 

Alabama . . . . . . . . . . . . . .  
Arizona . . . . . . . . . . . . . . . .  
Arkansas. . . . . . . . . . . . . . .  
California . . . . . . . . . . . . . .  
Colorado. . . . . . . . . . . . . . .  
Georgia. . . . . . . . . . . . . . . .  
Illinois. . . . . . . . . . . . . . . . .  
Indiana. . . . . . . . . . . . . . . .  
Iowa . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Kansas. 
Kentuckv . . . . . . . . . . . . . . .  

Field 

Maryland.. . . . . . . . . . . . .  19.8 20.0 74.0 133.3 140.0 
Michigan.. . . . . . . . . . . . .  13.2 14 3 50. 3 77.2 85.4 
Minnesota.. . . . . . . . . . . . . . . . . . . . .  . / .  ....... . /  2 2 0  1 48.5 1 72.3 
Mississippi . . . . . . . . . . . . . .  12.9 1 : 1 70.3 
Missouri.. . . . . . . . . . .  1 1 1 1 20.3 69. 9 

trial mercial dential 
Indus- 

Montana . . . . . . . . . . . . . . .  1 - 5 . 3 1  9 . 6 1  1 5 . 0 1  32.81 47.3 
Nebraska . . . . . . . . . . . . .  

. . . . . . . . . . .  New Mexico. 
. . . . . . . . . . . . .  New York. 

Ohio. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Oklahoma. 

Pennsylvania. . . . . . . . . . . .  
Tennessee. . . . . . . . . . . . . .  
Texas . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  West Vifginia. 
Wisconsin. . . . . . . . . . . . . .  
Wyoming. .............. 
Other States 1..  . . . . . . . . .  

Com- 

----- 
Total. . . . . . . . . . . . .  I 6.5 / 6 . 2  1 16.0 I 47.4 1 68.5 

Resi- 

-- - 

1 Includes Delaware, District of Columbia, Florida, New Jersey, North 
Dakota, South Dakota, Utah, and Virginia. 

SOURCE: Bureau of Mines, Mineral Market Rcjort No. MMS 2027. 

Because costs of transportation and distribution of natural 
gas are higher than those for petroleum and petroleum prod- 
ucts, the price advantage of natural gas tends to be reduced 
the farther one goes from the areas of production. Nevertheless, 
natural gas is now selling in many markets, even at great dis- 
tances frcm the principal fields, at a substantially lower price 
energywise than competitive fuels for industrial use, and either 
cheaper or at roughly a competitive price for domestic and 
commercizl uses. In the latter uses the inherent superiority of 
natural gas supports in some markets a premium price for 
natural gay over its nearest competitor, furnace oil. 

The present structure of prices in the natural gas industry 
cannot be easily described because the rapid changes in the in- 
dustry have led to a set of price relationships that reflect con- 
ditions of different times and so does not present a uniform 
picture. The general price relationships may, however, be illus- 
trated by some of the operations of one transportation and dis- 
tribution system in 1950. Gas was purchased at the field in 
Texas and Louisiana at an average price close to 5 cents per 
M cu. ft. and was sold to main-line industrial customers or to 
gas distributing utilities in Ohio, about a thousand miles from 
the source of supply, for about 19 to 21 cents per M cu. ft. The 
utilities re~old the gas to their industrial customers at the aver- 

age price of 42 cents and to residential customers at the average 
price of 54 cents. At these average prices the main-line Ohio 
customers were getting gas at  considerably less than half the 
cost of equivalent energy in the form of heavy fuel oil. The 
industrial customers of the utilities were buying energy about 
30 percent cheaper than if they had bought residual fuel oil at 
tank-wagon prices, and the residential consumers about 40 
percent cheaper than if they had bought furnace oil. Of course, 
a new pipeline company buying all its gas at new contract prices 
of 10 or 11 cents per M cu. ft. would presumably have to charge 
correspondingly higher prices, though still well below the prices 
of competitive fuels within a thousand-mile radius. 

The potential demand for natural gas at or near present 
prices to consumers far exceeds the amount currently being 
marketed. The construction of additional facilities for trans- 
portation and distribution will help meet some of the unsatis- 
fied potential demand, but the excess demand will eventually . 
have to be squeezed out either by company or governmental 
allocation or by such increases of 'price at points of consump- 
tion as will make the energy costs of natural gas comparable in 
competing uses with the cost of other fuels, with allowance for 
differences in convenience of use. 

The pattern of consumption is complicated by the fact that 
residential and other heating loads are so different in winter 
and summer. Gas pipeline and distributing companies, which 
must have sufficient capacity to meet winter peaks in northern 
markets, have excess capacity in summer. Furthermore, gas 
that is produced in the field on a year-round basis in con- 
junction with petroleum must be sold. Gas suppliers therefore 
try, in nonheating periods, to keep up the volume of sales by 
making "offEpeak," "interruptible," or "dump" sales to large- 
scale industrial customers at  whatever rate is necessary to meet 
the prices of competing fuels, particularly residual fuel oil 
and coal. This enables the gas transporter both to dispose of 
gas which he is obliged to take delivery on under firm contracts 
and to improve his "load factor," thereby adding revenue from 
his off -peak sales as an additional source of income. 

An additional complicating factor arises from the desirability 
of building pipeline capacity large enough to serve the markets 
that can be expected to develop only gradually after the gas 
is available. While waiting for the regular market to develop, 
the pipeline companies can meet some of the costs of the extra 
capacity by using it to transport gas for sale at low prices to 
large industrial customers. These customers can be gradually 
displaced as the demand of higher-paying consumers grows. 

While this system of off-peak and capacity-carrying sales is 
clearly economically advantageous to both supplier and pur- 
chaser, it does result in a large consumption of gas for purposes 
that could be met equally well by coal or residual fuel oil. 

THE FUTURE O F  NATURAL GAS 

The same uncertainties that cloud the long-run future of 
petroleum supply from domestic sources in the United States 
also affect estimates of future supplies of natural gas. Proved 
economically recoverable reserves of natural gas at the end of 
1950 were 186 trillion cubic feet, or about 26 times the 1950 
net production of 7.1 trillion cubic feet. 
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Few estimates have even been attempted of the total amount 
of "economically recoverable" natural gas that can be ex- 
pected to be discovered in the future. The only well-known 
projection so far published indicates that 510 trillion cubic 
feet, including reserves already proved, may remain to be 
produced in the future [I]. 

This estimate is closely linked to the estimate of ultimate 
potential petroleum reserves discussed in the chapter on oil. 
Both estimates are highly speculative. The prospects for future 
gas production, like those for oil, can more safely be evaluated 
on the basis of the relation of rates of discovery to rates of 
production than on estimates of ultimate potential. Natural 
gas discovery rates have been highly satisfactory relative to 
production over the recent past. New reserves proved from 
1945 to 195 1 have been more than twice as large as net produc- 
tion over the same period, as shown in table V. When new 
discoveries and developments run closer to annual production 
it may be taken as warning of an imminent slowdown of 
production. 

TABLE V.-Estimated new discoveries and developments relative to 
production o f  natural gas, United States 

[Billions of cubic feet] 

191 8 and earlier. . . . . . .  1 23,296 1 8,296 1 
1919-34 . . . . . . . . . . . . . .  68,062 21,062 
1935-44 . . . . . . . . . . . . . .  105.013 33, 513 

Period 

1 The sum of accumulated production and estimated reserves at the end 
of the period minus the corresponding sum at the beginning of the period. 
Reserve estimates at  beginning and end of the periods before 1945-51 were 
of very poor comparability. 

2 Marketed production prior to 1934; net production for 1935 and later. 

SOURCE: World Oil, Feb. 15, 1952, pp. 181, 186. 

Estimated new 
discoveries and 
developments 1 

The important fact is the expectation that new discoveries 
will run about 6 M cu. ft. of recoverable gas per barrel of 
recoverable oil so that in the long run that relationship can 
be expected to hold in production. (See table VI.) If, then, 
the United States oil industry manages to produce over the 
distant future from 2 to 4 billion barrels of crude oil a year, 
there should be an annual rate of net gas production of 12 to 
24 trillion cubic feet. 

When oil discoveries taper off and decline, a roughly concur- 
rent slowdown of natural gas production can be expected. While 
substantial imports of natural gas may eventually come in from 
Canada and Mexico, they are likely to be small relative to the 
total future United States demand. 

The decline of natural gas production may come sooner if, 
as is possible, production should for a time outrun discoveries. 
Thus, even if long-run petroleum output settles down to 2% 
billion barrels a year, natural gas production might in the mean- 
time reach a peak of say 18 to 20 trillion cubic feet and then 
gradually decline to the long-term level of 15 trillion, later to 
fall off from that level as domestic petroleum production falls 
off from the 2y2 billion barrel annual level. 

THE FUTURE PATTERN OF PRICE AND USE 

Production 2 

There are many uses (particularly household and commer- 
cial uses and in those industries where delicate automatic tem- 
perature control is important) in which natural gas has such 
considerable advantages over competitive fuels that it would be 
chosen even if its price were higher than the prices of other 
fuels. A distinction can accordingly be drawn between the spe- 
cial advantage uses for which natural gas would be preferred 
even at higher prices than competitive fuels, and the general 
uses for which it will be bought only if it is as cheap as, or 
cheaper than, competitive fuels. 

I t  may be estimated from table I11 that special advantage 
uses absorb only about 40 percent of total marketed produc- 
tion, exclusive of field use. I t  is not possible to calculate the spe- 
cial advantage uses exactly, but they may be roughly placed 
as the sum of residential and commercial uses plus some frac- 
tion, say one-fourth, of the "other industrial" group of table 111, 
or altogether about 2 trillion cubic feet in 1950. I t  may, there- 
fore, be inferred that, as transportation and distribution facil- 
ities are constructed to permit the satisfaction of demand for 
additional special advantage uses, there will be room for the 
supply of these uses not only from the expansion of production 
but possibly also from displacement of general uses. The first 
step in the estimation of the future pattern of demand and con- 
sumption must then be to consider the possible extent of special 
advantage uses. The largest of these will be residential and 
commercial consumption. 

In 1950 about 20 to 25 percent of all homes in the country 
were heated by gas. In view of the rapid spread of natural gas 
availability and the present rates of installation of gas-burning 
house heating equipment, it can reasonably be expected that by 
1975 about half of the homes in the country will be heated by 
natural gas. That means 30 million heating customers, possibly 
consuming about 140 M cu. ft. each, or about 4.2 trillion cubic 

Ratio of new 
discoveries and 
developments 
to production 

TABLE V1.-Marketed production of natural gas relative to crude oil 
production in the United States, exclusive of the Appalachianjeld 

[Annual averages] 

Marketed production 
of natural gas 

I I tion of I gas to 
Period 1 Millions crude oil crude oil 

...... ......... ....:... ....:... Expected eventual. .I. .I. .I. .I 4 90-95 

Billions of 
of ft. 

1 Kentucky, New York, Ohio, Pennsylvania, and West Virginia. 
On basis of 6,000 cubic feet of natural gas= 1 barrel of crude oil. 
For 1947 and later years marketed production includes gas stored and 

lost in transmission. 
4 On the basis of 6,000 cubic feet of gas recovered per barrel of crude oil, 

and 90 to 95 percent of that marketed. 

SOURCE: Natural Gas-World Oil, Feb. 15, 1952, p. 186. Crude 
Oil-World Oil, Feb. 15, 1952, p. 176-179, and American Petroleum 
Institute, release of March 12, 1952. 

of barrels 
crude oil 
equlva- 
lent 2 
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feet a year. Other nonindustrial special users, such as commer- 
cial establishments and households using gas for cooking and 
hot water but not for space heating, might add another trillion 
cubic feet of annual demand. (See vol. 11, Projection of 1975 
Materials Demand.) 

Total residential and commercial demand may thus more 
than triple by 1975 to about 5 trillion cubic feet. A rough 
allowance might also be made of about a trillion cubic feet 
of future consumption for special advantage industrial use. 
How much will then go into general industrial uses will depend 
fundamentally on the available supplies, and more immediately 
on the price structure likely to result from the relation of those 
available supplies to future demand. 

The different adjustments of the consumption pattern to 
various possible levels of supply are too complicated to present 
in detail, but a few hypothetical examples may serve broadly 
to illustrate how market forces would operate in the absence of 
regulation to the contrary. If 1975 net production should be no 
larger than that of 1951, natural gas would then be in short 
supply relative to increased demand. Waste and loss could 
probably be halved by more extensive collection systems to 
about half a trillion cubic feet, leaving a marketed production 
of 7% trillion. Field use would quite possibly be as large as in 
1950-say about a trillion cubic feet-leaving 6% trillion for 
other uses. These could almost entirely be absorbed by special 
advantage uses, leaving almost all general energy uses to be 
satisfied by other fuels-presumably fuel oil and possibly lignite 
in the Southwest, and some combination of fuel oil and coal 
or its products in the rest of the country. Under these circum- 
stances natural gas might sell at the southwest fields at a price, 
for the energy contained, above that of residual fuel oil at the 
refineries in that area. 

With supplies larger by several trillion cubic feet, the addi- 
tional gas would probably go mostly to general energy con- 
sumption in the producing areas, with gas used outside those 
areas largely for special energy uses. The field price could then 
be expected to be below the equivalent energy cost of residual 
fuel oil, but not a great deal below. 

If, to take a quite different assumption, 1975 net production 
should be as much as two and a half times that of 1950, or 
15 trilliori cubic feet, the pattern of consumption need not 
change from that of the present in its main essentials, except 
for the more than proportional growth of special advantage 
uses. Other uses might double in proportion to the expected 
doubling of the country's total energy consumption. The rela- 
tive shifts in consumption then need not be of major signifi- 
cance. Nor need the price structure be much different from that 
which is now taking shape. 

SPUR TO EXPLORATION POSSIBLE 

If exploration should be active enough to support a growth 
of domestic petroleum production in proportion to consump- 
tion, it would be likely also to support a natural gas production 
level in 1975 of well over 20 trillion cubic feet. In that case 
natural gas would tend to displace oil and coal from some 
general energy uses they now serve. It might then continue to 
sell to industrial consumers in markets close to the main sources 

at prices well below those of coal or petroleum products of 
equivalent thermal content, depending largely on the rate of 
long-distance pipeline construction in the meantime. 

A close relationship will exist, in any event, between natural 
gas supplies and domestic petroleum exploration. If natural 
gas should be in short supply relative to demand, and if its 
field price should rise correspondingly, that fact would add 
considerable stimulus to the exploration for oil and gas. For 
example, the recent rise in the new contract price of natural 
gas in the Southwest to about 11 cents per M cu. ft. as con- 
trasted with an older average of about 5 cents means that the 
4.6 M cu. ft. of natural gas likely to be discovered per barrel of 
oil are now worth about 28 cents more at the new prices than 
at the old. If in the future about 6 M cu. ft. c~f natural gas can 
be expected to be discovered for every barrel of oil, each 5- 
cent price rise of natural gas would be the equivalent, in its 
effect of stimulating exploration, of a 30-cent increase in the 
price of a barrel of oil. On  the whole the cost of finding a barrel 
of oil to date has probably been on the order of 30 or 40 cents 
in 1950 purchasing power, so that the possible increase of 
natural gas prices would be quite significant relative to that 
cost. 

If Middle Eastern oil competes in the United States market 
and if shale oil production should become economic, there 
will be a ceiling on the possible price rise of crude oil. Under 
these circumstances, a rise of natural gas prices might be almost 
as powerful an increased stimulus to oil exploration as any 
prospective price rise of crude oil. I t  would also stimulZte gas 
exploration in its own right. In  addition to this tendency to 
encourage discovery of more oil and gas, a higher price for 
natural gas would probably induce some reduction in the field 
losses and waste that now absorb over 10 percent of the net 
production of natural gas. The higher price would stimulate 
investment in gathering and handling equipment that it would 
not pay to install at lower gas prices. I t  might, however, dis- 
courage those practices that involve return of gas to the ground, 
and would probably also lead to a more rapid depletion of 
proved reserves. 

SPECIAL PROBLEMS 

I t  is sometimes argued that end-use control is necessary to 
prevent gas from being used now for low value general uses, 
in order that it may be saved for higher value special advantage 
uses later. The desirability of eliminating low value general uses 
(such as for boiler fuel at points distant from the fields) as 
rapidly as possible is universally recognized. There is, however, 
some controversy over whether this should be achieved by a 
prohibition of low-grade uses, or by positive measures to en- 
courage such a development of the gas industry that it no longer 
pays to use gas for low-grade uses. 

The development of underground storage near markets is 
already leading to the discontinuation of the off-season sale 
of natural gas for boiler fuel to electric generating utilities in 
the East. For example, natural gas from the Texas-Louisiana 
area can be put into underground storage in abandoned 
Pennsylvania gas fields, or similar geological structures, in the 
summer, rather than being sold for boiler fuel; the stored gas 

Page 21 



can then be sold for high-grade winter uses such as house 
heating. In  this way also, a given sized pipeline (from field to 
storage areas) can serve a larger number of special advantage 
customers. Further development of such storage can greatly 
contribute to the reduction of off-season consumption in low- 
grade uses and so support a greater flow to seasonal special 
advantage uses. 

SHIFTING TO HIGH-GRADE USES 

During the period of rapid extension of pipelines, sales of 
natural gas for low-grade uses help to absorb the cost of devel- 
oping and carrying the high-grade markets. As those markets 
are developed the gas industry will find it worthwhile to shift 
its supplies to them. The argument for direct end-use control 
must be tempered by consideration of the difficulties in the way 
of a rapid development of facilities to extend the market to high- 
grade uses, and the contribution of industrial sales in carrying 
part of the costs of such development. There appears to be no 
economic basis for designing curbs on low-grade uses that would 
be more valid and more suitable than market forces in guiding 
the gas to the highest grade use. 

There is obvious justification, however, for the Federal 
Power Commission's consideration of the type of consumption 
to be served in connection with its granting of pipeline certi- 
fication. I t  must be the objective of all concerned to see that 
highest priority is accorded those facilities that serve the highest 
grade uses, and the Federal Power Commission plays an im- 
portant part in this process. Because of the costs of transporta- 
tion and distribution, some classes of use that are considered 
low grade far from the fields must be considered high grade 
near the fields. 

AVOIDANCE OF WASTE AT THE W E L L  

Casinghead gas and gas "stripped" of its liquids are some- 
times disposed of as waste by being vented to the air and flared. 
The flaring, or other wastage, of natural gas at the rate of 1 
cubic foot for every 10 produced is one of the most dramatic 
features of the gas industry. 

Some of the gas now flared or otherwise wasted is not now - 
worth the expense of saving it, but much of it is, especially if 
future needs are taken into account. Some producers are not 
always sufficiently alert to the present and future economics 
of the situation to do what in the long run it will pay them to do. 
I n  many cases the best conservation practices are economic 
only if uniformly followed by all producers from a common 
source; there may be no incentive for each producer by him- 
self to avoid wastage. State commissions have therefore had 
to act to limit wastage of natural gas. 

State legislation in the last 15 years, together with higher 
field prices and improvement of techniques of transporting 
the gas to market and of returning it to the ground to maintain 
pressure, have led to a considerable reduction in the percentage 
of natural gas production that is flared, though the quantity 
flared is nearly as large as ever. The practice of flaring is still 
frequently encountered where it does not currently pay to 
gather the gas or return it to the ground, or, less frequently, 

where the impatience of producers or their limited capital 
prevents adoption of the most economical techniques of 
handling the gas. State conservation measures have achieved 
good results, but have not yet everywhere been carried to the 
point where a11 uneconomic practices have been eliminated, 

The economies of returning casinghead gas or stripped gas 
to the ground depend in large part on the adoption of unit 
operation-the orderly development and operation of a field 
as a single unit. I t  would hardly pay a producer to return gas 
underground only to have it withdrawn by somebody else. 
Experience has shown that unit operation is not enough by 
itself to avoid wastage of natural gas or of the petroleum that 
is lost by an uneconomic withdrawal of the gas, but it is an 
important step in conjunction with other arrangements and 
regulations. In  the absence of unitization, however, proper 
regulation can achieve many of the same benefits. 

In  the leasing of Federal oil lands, certainly, care must be 
taken to insure the economic use of natural gas both for sale 
and for maintaining the pressure in the oil reservoirs. Imminent 
development of oil resources underlying the Continental Shelf 
presents a special problem of gas conservation. At best it will 
be costly and technically difficult to avoid enormous amounts 
of flaring. Under some geographicaI patterns of development, 
gathering natural gas might be out of the question economi- 
cally, whereas alternative patterns might make it feasible. 
That method of development must be selected that will insure 
the ultimate recovery of as much of both gas and oil as is 
economically practical. 

BURNING GAS FOR CARBON BLACK 

Next to flaring, the most dramatic and apparently wasteful 
use of natural gas is the making of carbon black. Natural gas 
is burned off in order to catch carbon bIack from the smoke. 
Producers of carbon black stood ready to take the gas near the 
fields at a steady rate at a time when other customers were 
lacking. They obtained long-term contracts permitting them 
to buy gas at very low prices. In view of the fact that there 
are now demands for natural gas that can afford to pay much 
higher prices and that there will be even more in the future, 
there has been some sentiment in favor of prohibiting the 
buring of gas for carbon black. Some States already prohibit 
the practice or restrict it to types of gas not suitable for other 
uses without further processing. 

Carbon black is required for the manufacture of rubber tires, 
and, if other sources or substitutes were not available, carbon 
black manufacturers would probably pay a competitive price 
for natural gas. However, as the price of natural gas rises and 
as new contracts have to be made, or as additional restrictions 
are placed on the use of natural gas for this purpose, manufac- 
turers can turn more to residual products of petroleum as a 
source material, and can possibly transfer some of their opera- 
tions to foreign fields where there are no other customers for 
the natural gas. Finely divided silica is being developed as a sub- 
stitute for carbon black though it is not yet possible to judge 
whether this substitute is likely to become a major competitor. 
Its developers are confident, however, that it can successfully 
compete with carbon black within the next 15 years. 

Page 22 



EVENTUAL SUBSTITUTES FORNATURALGAS 

Over the next 25 years or so, such substitutions as will be 
required of other fuels for natural gas need not cause serious 
problems. Some industrial users, such as electrical generating 
stations, who have been getting natural gas at bargain prices, 
largely in off-peak seasons, will probably have to shift to full- 
time use of coal or fuel oil, a process that has already begun on 
the East Coast. There will be some modest increase of their costs 
on this account but no serious further problems can be expected. 

At some point beyond 1975, however, more serious problems 
are likely to arise when natural gas supplies will eventually have 
shrunk to the point that the general uses in gas producing areas 
and special uses in all areas are forced to shift to substitute 
fuels. Costly dislocations may result in the economy of the 
Southwest, heavy capital costs of conversion will be forced upon 
nearby and distant customers, and the extensive transportation, 
distribution, and utilization systems may be rendered useless. 
The impact could be reduced if it becomes economic to manu- 
facture gas for at least some of these gas customers, presumably 
from coal, which could then be distributed through portions of 
existing transmission and distribution lines, though large seg- 
ments of such lines would probably no longer be used. The 
present and currently prospective costs of deriving gas from 
coal, either by underground gasification or above-ground man- 
ufacture, are so high that the processes do not promise to be 
economic for any but those very high-grade special uses, such 
as household cooking, that can afford to pay very high prices. 
Improved methods of obtaining gas from coal are being sought, 
however, and the prospects may be considerably improved by 
1975. 

Meanwhile, in guiding the rapid development of the natural 
gas industry, it is important for regulatory authorities to bear 
in mind the ultimate exhaustion of natural gas supplies, with 
the aim of avoiding costly over-expansion. The Federal Power 
Commission has customarily required, as a condition for author- 
izing construction of a pipeline, that a certain number of years' 
supplies be reserved for the particular pipeline, usually 20 
years, although shorter periods have sometimes been counte- 
nanced. As the natural gas industry matures, an even longer 
horizon may be appropriate. 

I t  will become increasingly important for the Federal 
Power Commission, in considering "dedicated reserves" for a 
proposed pipeline, to take into account the eventual impact 
of new dedications upon the useful life of existing pipelines, 
upon the consumers they serve, and upon the long-range supply 
position of communities in the producing area. Excessive build- 
ing of pipelines and over-commitment of limited reserves could 
lead, when reserves are gone, to premature obsolescence of 
costly capital equipment, for operators and consumers alike. 
The owners of the pipelines and those who extend them credit 

can generally be expected effectively to safeguard continued 
supplies for their transportation and distributing systems. 
However, the regulatory authorities must also have a strong 
responsibility in this direction. 
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Chapter 3 

DESPITE A RAPID increase in energy demand in the United 
States in the last 25 years, coal's share of the market has 
steadily declined. Both less convenient use and-with bulkier 
handling in transportation-higher prices have caused coal 
to lose out in many market places to oil and gas. Some markets, 
however, are expanding and this trend-particularly greater 
consumption to produce electricity-is likely to continue. 
While coal's percentage share of the 1975 energy total is 
likely to be still less than now, actual volume of coal at that 
date may be 60 percent above present levels. Sometime after 
that date-whenever the cost relationship shifts and domestic 
oil and gas production become either too high in cost or too 
low in volume-coal is expected gradually to take over the 
heavier part of the energy burden in the United States. 
Reserves are more than ample. 

The extent and the timing of coal's upward turn will depend 
importantly on technological developments : better mining and 
processing methods, cheaper transportation methods, more 
efficient utilization. Advances in manufacture of gas or liquid 
fuels from coal, as well as chemicals, could increase consump- 
tion. 

Coke is a special problem. The Nation is consuming coking 
coal rapidly in relation to its proportion of reserves, but the 
main problem is in building enough ovens to take care of needs. 
Capacity for some 40 to 50 million tons a year needs to be 
built within the next 10 years. 

Coal requirements of other free nations are being met partly 
with United States exports; probably oil will be the chief 
reliance for energy expansion in Western Europe. Japan's - 
traditional sources are chiefly within Soviet terri.tories and it 
currently relies on the United States. Canada depends upon 
the United States for increasing supplies. 

UNITED STATES DEMAND AND SUPPLY 

T o  what extent will coal share in the possible ,doubling of 
energy requirements of the United States within the next 25 
years, and in further increases thereafter? 

During the last 25 years, the share of coal in the energy 
market declined steadily. Total consumption of energy in- 
creased by 60 percent. In terms of bituminous coal equivalent, 
it rose from some 815 million short tons in the mid-twenties 
to about 1,300 million tons in 1950. The net increase was 
satisfied entirely by petroleum products, natural gas, and hydro- 
electric power. Coal, which supplied two-thirds of the total 
energy consumed in the mid-twenties, dropped to slightly more 
than 40 percent in 1950. In  round figures, consumption of 
bituminous coal and anthracite dropped from about 600 
million khort tons a year in the twenties to around 500 million 
now. In  1950 demands on United States coal production 

amounted to 522 million tons including 493 million tons con- 
sumed domestically and exports of 29 million tons. The dis- 
tribution of domestic consumption is shown in table I. 

The downward trend of coal's percentage share in the total 
energy stream may continue for the next 25 years, unless war 
intervenes, but the past decline in volume is expected to reverse 
from here on and rise perhaps 60 percent by 1975. 

TABLE I.--Consumption of coal in the United States, by class of con- 
sumer: 1925 and 7950 

. . . . . . . . . . . . . .  Industrial. 
Coke ovens.. . . . . . . . . . .  

Steel and cement 
mills. . . . . . . . . . . . .  

. . . .  Other industrial.. 
. . . . . . . .  Electric utilities. 

Residential and commer- 
. . . . . . . . . .  cial (retail). 

Bituminous coal.. . . . .  
Anthracite. . . . . . . . . . .  

. . . . . . . . . . . . . .  Railroads. 
. . . . . . . . . .  Miscellaneous. 

. . . . . . .  U. S. total.. 

Class of consumer 

-- - 

n. a. Not available. 
1 Figures for bituminous coal used by steel and cement mills and for resi- 

dential and commercial purposes are included in figures for "Other 
industrial." 

SOURCE: Bureau of Mines, U. S. Department of the Interior; National 
Coal Association, Bztumznous Coal Annual, 1951. 

Coal has some uses for which other fuels do not compete, 
such as coke in metallurgical uses, but such special demands 
account for only about 20 percent of domestic coal consump- 
tion. The remaining 80 percent faces competition from petro- 
leum products and natural gas which are certain to gain the 
major part of the residential heating market and substantially 
all the railroad market. Most of the new railroad locomotives 
recently installed burn Diesel oil. Even if the coal-fired gas 
turbine is developed to the point at which it can successfully 
compete with the Diesel engine, its fuel efficiency would then 
be so great that it would contribute little to the total demand 
for coal. 

Millions 
of tons 

BIG USE : THERMAL GENERATION 

These declining uses of coal will be more than compensated 
by increased consumption in industry and electric utilities. By 
1975, over 300 million tons of coal and lignite (in ten- of 
bituminous coal equivalent) may be required for electric power 
generation in spite of anticipated further increases in the effi- 
ciency of conversion. Total foreign demand for United states 

Percent 
of total 
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coal is likel) to remain high since Increasln? exports to Canada 
art. expected tc) offset declininq exports to SVestern Europe. 

These are the factors which lead to the estimate that total 
demand for United States coal vill grou some 60 percent ox er 
the next 25 )ears, from the 1950 lexel of 522 million ton? 
:including export\, to more than 8C10 million t o ~ ~ s .  

Santhetic oll production from coal. ~f i c  becaine economic, 
micht push demand e-b m higher. L2 maicir 11 a: could sharplx 
increase dependence on coal becausc energi requirements 
would rise I\ hilc supplics of other fuels --particular11 of im- 
ported petroleum--might br reduced. D u r m ~  the Second 
11-orld \Yar, the demand for coai rose more than 35 percent. 
from about 480 million tons m 1940 to 650 n~illion tons in 
1943 dnd 1944. similar or greater mcreaqe mould ha\e to 
be anticipated in a future full-scale war. 

Coal currently requircs much more labor in its production. 
transportation. and use than its principal competito~.s, petro- 
leum and natural ?as. I t  is easier to raise liquids and gases from 
the ground, to handle them mechanicall\, and to control them 
automatically than to perfornl similar operations for coal. On 
the other hand. exploration for oil and natural gas adds a 
considerable expense burden, whereas immense reserx es of coal 
are already known. 

The decline of coal relatixe to oil and gas chn, accordin~lv, 
be arrested by one or both of two d e ~  eloprnents: , a )  a fall 
in coal costs through nexv uays to produce and handle coal 
lvith greater econom) of labor, ( E )  a rise in the cost of com- 
petiti~ e fuels relativ e to coal. Both developments are expec ted 
to happen, The  time cannot be forecast, hut sonletirne latel. 
than 1975 the share of coal in the total supplv of errergi can 
be expected to increase markedl~.  Gas, liquid fuels, and elec- 
tricity can be produced from coal. The United States has 
enough coal to meet its energ! requirements for a long time to 
come. Ti-hen the prices of other fuels begin to rise significantly 
in relation to c ~ a l  and most economical hvdroelectric power 
sites haxe been developed, the demand for coal will go up 
substantially. 

Sumerous obstacles will have to be olerconle in the 
development of the Central and ?Yestern coal reyions.-':- Central 
coals are generall) poorer in qualitx than Appalachian coal, 
though adaptable to a wide range of industrial uses; they are 
entirely suitable for power generation and fol production of 
synthetic fuels. 

TVestern coal !\ill have to surmount greater handicaps. Long 
hauls are ruled out b> the low fuel value of the coal and its 
tendency to spontaneous combustion. The region is too arid 
to support a large population and intensi~ e industrial dex elop- 
ment. Inadequate water supply may limit use of the coal either 
for large-scale production of s~nthetic fuels or for steam genera- 
tion of electric power. Large-scale use of \vestern coals for 
electric power production could become pocsible. though, with 
del eloptnent of coal-fired gas turbines. as these would elimi- 
nate the dependence on I\ ater supplies. 

*The Central coal region includes the Mississippi \,'alley field extendin$ 
from Illinois into western Indiana and into western Kentucky; a field 
extending from Iowa into nort!iwcst Missouri and Karisas and then into 
Oklahoma and western 'Arkansas; a field in hlichlpan: and a field in 
mid-Texas not mined at the presrnt time. 

T_-nited States production of 556 million short tons of bitumi- 
nous and anthracite coals in 1950 represented more than one- 
quarter of .cvolid production and \vas 100 rn~llion tons greatrr 
than that of the entire Sol let bloc. 

The Cnitcd States is also foremost in coal prc~d~ic t i~ i t \  per 
man-day. In  1949. ur:dcrrround coal niiners in che rn i ted  
States produced an average of 6 7 tons per da)*-more than 
3 times the average daill output of thc Polish miner; 4 tinles 
the British and German: 5 ro 6 rimes the French. Belgian and 
Itnssian: 10 times the Japanese. Since foreign miners \\ark 
longer hours, the United itates ad~antage  is eien greater in 
ternis of output per man-hour. -41~0, producri\ity in Urlited 
State.; mines has been nxing niore rapidlx than in other coun- 
tries. During the pist 25 \ears. TTnited States output per man- 
hour rose by 7 2  percenr, from 0.5 tons in the mid-trventies to 
0.86 tons in 1950. a rise partIk attriburable to the increase of 
open-pit or strip mining. 

This increased producti'r.it\ in the T_-nited Statez has offset 
the gradual exodus of labcir from the coal mines-a trend that 
has created such seriour problems in Europe. In  the mid- 
txver~ties. nearly 6OO.UC)O miners Jvere necessarv to produce 
some 600 million tons of bituminous coal in the Uriited States; 
in 19417. the most recent \ear of full utilization of coal produc- 
tion capaci t~.  some -IZC?,@OCI miners produced more than 630 
million tons. 

These remarkable achiei ements xvere assicted by favorable 
geological condition: a> \\ell as by continuous improvements 
in mining methods. Indeed geological conditions are largely 
responsible, both for the hiqher absolute IevJ of productivity 
in the United States and for the more rapid increase of produc- 
ti\ itv over that of Europe. 

The greater thickness of the seams in the 't'nited States. the 
smaller overburden the a\ erage depth of European mines is 
greater than the maximum depth of American mines . the prev- 
alence of horilontal seams in which locomotive haulage can be 
used eflec~ively. the relatia e absence of faulting-all these have 
been favorable to rapid mechanization. The abundance of eco- 
nomicallv rninablr coal beds has permitted the use of the labor- 
sa'r ing i though coal-n asting ' room-and-pillar system of min- 
ing. These factors \\ill continue to fa'ror an increabing le\,el of 
productivity in the United States. 

Two other geological factors, favorabIe in the past, will not 
hold good much longer. The fact that beds minable througil 
drift or slope entries are becoming scarce and that vertical 
shafts often \$ill hake to be used, especially in the Appalachian 
fields, ~vi l l  tend to increase costs. Of men greater importance, 
deposits that are econnmit allv minable b\ strip methods are 
limited. 

AIECHANIZXTIOS BOOhTS PRODUCTION 

Strip mining for coal is reIativelp recent and became prac- 
tical only when large power shovels. excavators, and bulldozers 
became available to remove heavy overburden. Its output per 
man is about three times u high as in underground mininq, 

?Excludes surface personrlc: of underground ninrs.  
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and 95 percent of the coal can be recovered as compared with 
some 50 percent underground. 

Strip mining increased rapidly during the war and now 
accounts for 25 percent of domestic production. Substantial 
reserves suitable for stripping exist in Ohio, Indiana, Illinois, 
and farther west, but further expansion is likely to require 
removing a thicker overburden. Increasing overburden seems 
to have been the reason that no increase in man-hour pro- 
ductivity has occurred in strip mining since 1930. If, as is likely, 
strip mining continues to supply only about the present per- 
centage of production, it will cease to push upward the average 
of total productivity, and further progress will depend on 
improvements in underground mining. 

Productivity per man-day of underground bituminous mines 
has increased by 28 percent since the mid-twenties-from 4.5 
tons to 5.75 tons in 1950-despite a considerably shortened 
work day. Productivity per man-hour actually increased by 53 
percent, substantially all due to mechanization. Power cutters 
and drilling machines replace the pick and hand-operated drill 
of yesterday; mechanical loaders do the work of the hand 
shovel. New explosives replace the old blasting powder with 
far greater efficiency and safety. Hand-cutting of bituminous 
coal in underground mines has dropped in 25 years from 16 
percent to less than 2 percent. In the mid-twenties only about 
1 percent of bituminous coal was loaded mechanically in under- 
ground mines; today 70 percent is. Timbering machines and 
roof bolting devices have made their appearance, and the trans- 
port of coal in the mines is speeded by electfic engines, larger 
cars, and belt conveyors. 

The last few years have seen the advent of "continuous 
mining" which uses a single mole-like machine to combine all 
operations formerly performed individually and separately, at 
the face, into a synchronized operation. 

Considerable progress has been made in mechanical process- 
ing-cleaning, washing, and sizing-which has improved the 
quality of the coal and adapted it to particular consumer needs. 
In 1950,39 percent of bituminous coal produced was mechani- 
cally cleaned as against less than 5 percent a quarter century 
ago. Mechanical cleaning is increasingly necessary as mechani- 
zation increases the proportion of impurities and finer sizes. 

OTHER FACTORS IMPEDE PRODUCTIVITY 

More rapid progress would undoubtedly have been made in 
productivity if the coal industry had not been depressed, partly 
because of low general economic activity during the thirties, 
partly because of competition from other fuels. There was little 
incentive for large-scale investment in the face of a shrinking 
market. Funds for research and for modernization have been 
inadequate. The war demand was readily met by increasing 
the number of days of operation, by enlarging the working 
force slightly, and by advancing into reserves at existing mines. 
Few new mines were opened or shafts sunk. 

Recent high levels of economic activity have permitted profit- 
able operation of most coal mines, and technological improve- 
ment has quickened. Research programs have been expanded, 
but they are small compared with programs in the petroleum 
or chemical industry. 
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Moreover, tremendous possibilities exist for improving the 
techniques of coal production, preparation, transportation, and 
utilization. Some already are sufficiently advanced to justify 
large-scale investments by the coal industry if it could be 
assured of a sustained high demand. 

RESERVES AND RESEARCH 

The coal reserves of the United States are estimated at 
2,500 billion short tons, of which about half may be deemed 
recoverable with present techniques. The recoverable reserves 
contain more than 80 percent of the energy of all recoverable 
mineral fuel reserves. United States coal reserves are about 40 
percent of the world total-as much as those of the Union of 
Soviet Socialist Republics and China combined. 

About 30 percent of United States coal is in the Appalachian 
and interior regions; the rest is west of the Mississippi. Virtu- 
ally all Eastern coal is bituminous. Seventy-five percent of 
Western coal consists of sub-bituminous coal and lignite, and 
most of the bituminous coal also is not suitable for coking. 
Only 1 percent of United States coal reserves is anthracite- 
nearly all in Pennsylvania. 

The small size and financial resources of most coal com- 
panies make it impossible for all but the largest to undertake 
individual research programs. A significant individual effort 
is the research laboratory of the Pittsburgh Consolidation Coal 
Co. at Iibrary, Pa., which is investigating coal hydrogenation, 
gasification, and pipeline distribution of pulverized coal. 

The coal mining industry is contributing to such private re- 
search organizations as the Battelle Memorial Institute and to 
research laboratories of universities. Three hundred coal com- 
panies have joined with railroads and equipment manufacturers 
in supporting Bituminous Coal Research, Inc., which is investi- 
gating the development of a continuous mining machine, stain- 
less steel belting for coal mine conveyors, coal-fired gas turbines, 
household space heaters and automatic boilers, smoke abate- 
ment, and the adaptation of a wider range of coals for coking. 

This work is supplemented by private research in other indus 
tries (for example, the work of the Koppers Co. in synthetic 
fuels technology) and by Government projects. Notable Gov- 
ernment projects are those conducted by the Bureau of Mines 
in the Fischer-Tropsch and hydrogenation plants at Louisiana, 
Mo., and in other laboratories. The Bureau of Mines and the 
Alabama Power Co. are jointly experimenting with under- 
ground gasification of coal at Gorgas, Ala. 

Total expenditures for coal research and development 
amount to approximately 23 million dollars a year. In  contrast, 
the petroleum industry spends more than 120 million. The bitu- 
minous coal industry is estimated currently to be spending about 
15 million. The Bureau of Mines obligated $7,669,000 in fiscaI 
year 1951 for coal research and development, ncluding work 
on synthetic fuels. 

Prospects for further increases in productivity in under- 
ground mining are good and will become better as coal mar- 
kets improve and as operators and investors accordingly gain 
greater confidence that the long-term trend is upward. Phys- 
ical difficulties of extraction will grow but can be more than 
offset by further improvements in methods of extraction and 
haulage. 



A rising demand for cod \hill accelerate technologic improx e- 
ment, and there ~vi!l be incentives for opening new mines and 
nen coal areas. S e w  mine la)outs will be far better adapted 
than present mines to continuous mining. In  old mines, con- 
tinuous mining machines frequentl) turn out ccal more rapidll- 
than it can he hauled to the surface. and the full 1 aiue of the 
machine is rlot realized. Se~iv mines can use belt conbeyors 
m WIT ing this problem. It  is possible that by 1973 productititx 
per man-hour in undergrouncl coal nlincs may be allnost 
tripled, and total productivity in underground and strip millers 
combined ma! be more than doubled. 

CAP.4CITY FOR POSSIBLE IVAR 

The prsspectilz increase in productivity has an important 
bearing not only on the cost of coal, but also on the prospects 
fcr maintaining rescn.e capaci:\ for use in case of possible war. 
Bet\\ een 1938 and 1949, the theoretical production capa~ity 
of the United States bituminous coal industrsr rose by 30 per- 
cent, from 600 to 780 million tons. 

Theoretical production capacitx assumes the current labor 
force ivorking 280 da>s per )ear at the current lex ei of pro- 
ductivit) . Attaining the actual capacit), presentl) estimated at 
about 700 million tons, T\ ould depend on 1% hether or not steel, 
mining machinery, operating supplies. and transportation 
facilities were ax-ailable. The increase bet\\ eel1 1938 and 1949 
may be reversed and present adequate reserve capacity en- 
dangered, if expansion of strip mining is sloxved do~vn, and 
i f  the labor force resumes its gradual downward trend. Con- 
tinuing technological progress in coal is. therefore, important 
to the security and general economic growth of the United 
States. 

l\'hile the totar coal supply has always been adequate, except 
during work stoppages, this has not been true of coke. Total 
United States reserves of good quality coking coals are esti- 
mated at about 50 billion tons, 80 percent in T\'est Virginia, 
Penns>lvania, and ?I/Tat-yland. They are bring depleted rnore 
rapidly than other t?pes of coal. since they account for about 
43 to 20 percent of production although only 2 pcrcent of total 
reserves. Much of the better grades have been mined, and the 
iron and steel indzstry has been adjusting to lo~ver grades. 

Coke cnn be produced from medium-\,olatile bituminous 
coal which has low sulfur and ash content, although a blend of 
low-volatile and high-~olatile coal is most commonly used. 
About 50 percent of low- and medium-kolatile coking coal 
,urrently being produced normally is used for other than 
metallurgical purposes. If the iron and steel industry should 
run short of coking coal, its needs could be met by dherting 
it from less essential uhes. 

Considerable progress has been made in developing new 
blends with anthracite fines, petroleum coke, or low-tempera- 
ture char. I t  is also possible to produce a low-volatile, smokeless 
fuel by low-temperature carbonization of high-volatile bitumi- 
nous coal. Excessive impurities often can be removed by im- 
proved preparation procedures and equipment, With further 
development of these techniques, United States supplies of 
acceptable coking coal can be stretched sufficiently to meet 

future requirements, though at slightly higher costs than in the 
past. 

IP<SUFFICIEIiT COKE-3IAKING CAPACITY 

The  real problem has not been in the supply of coal suitable 
for coking, but in coke-making capacitj. 

Coke for steel manufacture is produced by integrated steel 
companies and their affiliates, by merchant and gas utility 

and by beehive coke ovens. Historically, the steel indus- 
try has constructed coke-making facilities LO operate its fur- 
naces at 75 percent capacity and has depended upon others 
for the rest. iVhen the steel industry operates at full capacitv, 
all three coke-making sources are utilized, beehive ovens being 
called on last. 

During the next 5 years, it will be difficult to construct enough 
new ovens and at the same time maintain existing ovens at a 
rate adequate to meet requirements for the expanding piq iron 
production. The stringency will be increased by a decline in 
utility coke-making as natural gas supplants coke-olen gas. 
A Bureau of Mines surkey conclucrles that capacity for approxi- 
mately 2.5 million tons of utility coke will go out of existence 
during the next 10 ycars. 

The number of beehile ovens, which currently contribute 
apptoximatcly 7 nlillion tons (9  percent of the total), t\ ill also 
decline rapidlv. Beehive o\ens waste b!products; moreover, as 
resen es of satisfactory coking coals available to beehi1 e opera- 
tors dnindle, the coke they produce tends to become sub- 
standard. Over the next 10 years, beehive production is 
expected to decline by 3.5 to 5 million tons. 

In  addition to this estimated loss of 6 million to 7.5 million 
tons, over-age slot-type ovens that now produce an estimated 
23 million tons are expected to he withdrahvn from operation. 
These declines are occurring at a time wh& the expanding 
steel industry requires betn een 10 and 15 million tons over and 
abo; e previous production. Consequently, new coke-making 
capacity of 40 to 50 million tons must be built during the next 
10 years. 

Private industry will be inclined to risk money in coke-oven 
construction only if con\inced that a high level of steel opera- 
tion \\ ill be qustained over a long period. There are indications 
that the high level of demand for steel during the past few 
years and the carrent rearmament program have led the steel 
industry toward such a conviction. In the long run, therefore, 
coke-oven construction is likely to catch up with requirements. 

Despite the increase in output per man-hour, the price of 
producing bituminous coal since the prewar period has in- 
creased more rapidly than the price level in general. The aver- 
age value per ton of bituminous coal f .  o. b. mine stood in 1950 
at 262 percent of the 1935-39 average ($4.85 as compared 
with $1.85 ) . while the wholesale price index averaged 200 and 
the general   rice level averaged 183 [ I ] .  

This increase can be attributed largely to the fact that coal 
miners' average hourly earnings (in dollars of constant pur- 
chasing power), including adjustment for portal-to-portal pay 
and employers' contributions to the miners' welfare-and-retire- 
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inent fund, increased more rapidl) than output per man-hour, 
with a consequent rise in labor costs per unit output. This 
placed coal at a price disadi antage relative to gas or 011 in marl\ 
areas. the a1 erage \\ holesale price of bituminous coal doubled 
between 193.5-39 and 1950, n hilr the a[ erage deli1 ered price 
of natural gas for industrial use remained pract~call) un- 
changed. The  holes sale price of fuel oil lncreaecd in rough 
parallel with coal, but since handlinq charge? are greater for 
coal than for other fuels, coal \\as placed at an el en greater 
disadx antage in the retail market. Between 1935-39 and 19513, 
the a\ erage price of bituminous coal to the domestic corlsumcr 
has more than doubled, while the price of fuel oil iricreaseci 
onl\ 87 percent and the price of qas remained practicall) 
unchanged. The average price of anthracite increased 91 per- 
cent during the same pe~iod. In man1 parts of the couutrx, 
natural gas and fuel oil sold at lo\\ er cost to the consumer than 
( oal of equh alent heating value. Fuel oil has been underselling 
coal of equivalent heatins \ alue at S e w  York harbor in 10 
out of 19 nonwar )ears since 1928. The competitive position 
of coal would ha\e been eien worse if railroad freight rates 
had increased in proportion with the general price level, but 
they have risen only about 50 percent since 1535539. 

In the rail market. the price of Diesel oil has increased 
slightl~ more since 1935-39 than that of bituminous coal. but 
the qreater effciencx of Diesel engines made fuel-operatinq 
costs on11 a fraction of those of coal-fired steam engines. Rela- 
tive cost5 in the first 4 months of 195 1 are shown in table II. 

I I pa, yad Par thousand / 
1 c.ross ton- Per thousand 

switching , road passenger 
Locomotive type iocomotive- / freighr train car- 

hour I service miles 

Coal stearn. . . . .  . . 
Oil steam. . . . . . .  
Electric . . . . . . . . . .  

. . . . . . . . . . . . . .  Diesel. 

IVhether coal prices will continue to increase in relation to 
other fuel< will depend on such factors as the rate of increase 
in coal mining productivity compared xvith other fuels and the 
economy as a whole; thc course of real w.ages in coal mining 
and other industries; and the development of new techniques 
of preparing, shipping. and utilidng coal. 

The  prospective increase in productivit-1, in urlclerground 
coal mining and the anticipated further progres.: in the tech- 
niques of preparing coal for the market are faxorable to cost 
reduction. 'There also is room for considerable cost reduction 
after the product leaves the mine. Cheap methods of bulk 
movement are being developed, including long-distance con- 
Xre-1,or belts and the use of pipelines to move coal. 

The cost of coal to the consumer will be brought down also, 
indirectly, through greater efficiency in conversion and use, and 
through the more effecti~e use of the byproductq of coal con- 
version. Efficiency of coal conversion to electric power can be 
expected to in~rease b) at least 25 perce~lt in the next quarter 
centur), and even more if the coal-fired g a b  turbine proves out. 

'The rapid!) expanding chemical industry will generate an e\ el- 
rncreasing drmand for the b~products of carbonization, h ~ d r c -  
genation. and the Fischer-Tropsch process. Large-scale pro- 
ductron of qknthetic liquid fuels from coal, particularlv m 
t onl~~nction 11 lth electric enerp generation arid ~henlical b\ - 
producti. ma\ el entually de\ elop into a tremendous use of 
ioai and contribure importantlv to thc Xation's >uppl> of 
rnc rp  at relati1 el\ lo\.\ costs. 

ROLE OF LABOR 

bribstantiai reductions i ~ i  the cobt of coal at the mine bed 
nould be possible, reiatixe ro the general price level, if coal 
miners' real ages should remain unchanged. But coal miners' 
\$ages ma\ be expected to increase at least as much as other 
\ y a p  if onI) to retain an adequate working force in the 
indgstrv, 

Risinq real-\\age rates are compatible with cost reduction 
as long as thev do not completely absorb the saliugs due to 
technological improx ernents or outstrip them as in recent )ears. 
So\% that coal miners have reached the top of the \$rage scale, 
further \\age increases are likely to be more nearly in propor- 
tion to the general rise of \sage le\-els. At the same time, th; 
pace of technological progress in the coal industry is likel\ 
to quicken. 

Organized labor recognizes the importance of technological 
progress. Labor. management. and the general public all hay;? 
A large stake in achiex~ing the more stable industrial relations 
necessar). to improve the competitive position of coal. In recent 
\ears, lack of assurance of a continuous supply has contributed 
ro the displacement of coal bv other fuels. Large-scale work 
stoppages cut deli1 eries r o  markets, often at times when coal 
>tacks xvere 101s. 

T H E  GETERAL OUTLOOK 

This Sation's abundant resenes of coal make coal a majo: 
long-range source of fuel and raw materials for a wide variety 
of industries. Sooner or later several major United States 
industries \till have to sink their tap roots deeply into our coal 
reserves, as did the railroads earlier. Steel has long been 
rooted to coal and tvill need increasing amounts. The  electric 
power industrv too has been a major customer but now s h o ~ s  
signs of becoming a far  larger one and a major collaborator 
to~ziard putting coal more abundantly into use in a variety of 
~ a y s .  Likewise the fast-growing chenlicals industry, long tied 
indirectly to coal throuqh the route of coke and the steel indus- 
try, hold.. promise of becoming a much greater user along with 
the oil industry, which when need and technology are ripe, 
can turn to coal conversion to secure an important portion of 
the nation's liquid fuel supply. S o r  is it inconceivable that the 
natural gas industry may some day turn heavily to coal as a 
source of product to fill its pipelines. 

These great coal-using industries. present and potential, 
have the financial and technical abilities to provide rnajos 
leadership, dong with Government and progressive members 
of the cod  industry itself. toward deriving abundantly greater 
benefits fol- the Kation. and for other free nations as welli, from 
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our rich coal resources. The jobs to be done are evident. They 
will require intensive technological effort and large capital in- 
vestment. The job is almost certain to get done someday as the 
need increases; the big issue is whether it will get along rapidly 
enough to keep the coal industry from going through another 
interim period of depression at great cost to the Nation. The 
challenge to avert such a misfortune rests largely with the 
several industries concerned. 

COAL IN OTHER FREE COUNTRIES 

Since the Second World War, Western Europe and Japan, 
both vital to the security of the United States, have found them- 
selves short of coal and dependent on imports, with the United 
States and the Soviet bloc as the principal sources di supply. 
At the same time, Canada has become increasingly dependent 
on imports of coal from the United States. Assured coal sup- 
plies from the United States will be important, perhaps essen- 
tial, to the future industrial development of these areas. 

The total energy consumption of Western Europe (includ- 
ing the United Kingdom) in 1950 was equivalent to 630 mil- 
lion metric tons of bituminous coal. Per capita consumption 
of energy was thus less than one-third that of the United States. 

The economy of Western Europe is still predominantly based 
on coal. In  1950, 75 percent of its total energy supply was 
derived from solid fuels, 14 percent from petroleum, and 11 
percent from hydroelectric power. 

While Europe still has large coal reserves-though not as 
economically minable as those of the United States-and con- 
siderable undeveloped hydropower, it has no reserve produc- 
tion capacity immediately available. As a result, Western 
Europe has been unable to meet rapid increases in the demand 
for energy during recent years, and has had to import coal and 
oil for an increasing proportion of its total requirements. Polish 
coal has been imported at  a rate of 10 to 12 million tons a 
year. During the past 18 months, Polish coal has been available 
only in reduced quantities and on onerous terms. Imports into 
Western Europe from the United States reached a peak of 37 
million metric tons in 1947, dropped to almost nil in 1950, and 
are running again at a rate of more than 25 million tons a year. 

Long-term projections of Western Europe's energy require- 
ments are particularly hazardous because of the difficulty of 
interpreting past trends. Between 1913 and 1950, total Euro- 
pean consumption of energy rose only about 20 percent. Prac- 
tically all this increase was accounted for by increases in pe- 
troleum and hydroelectric power. Fluctuations during this 
period have been violent as a result of two world wars and 
the intervening depression. 

These movements in total energy requirements reflect the 
slowness of economic growth and the large fluctuations of 
European production of goods and services during the past few 
decades. Past trends are, therefore, not a reliable guide to 
energy requirements during a more rapid and continuous in- 
crease in total production. Experience shows, however, that 

energy requirements range between 35 and 75 percent of the 
increase in industrial volume. 

If Western Europe's aggregate gross product increases by 
75 percent over the next quarter century and is accompanied 
(as is likely) by a doubling of the physical volume of industrial 
production, total energy requirements may be expected to 
increase by about 50 percent, from 630 million metric tons 
bituminous coal equivalent in 1950, to around 950 million tons 
by 1975. Most of this increase will be met by increased petro- 
leum imports, which are expected to more than triple during 
the next quarter century. Hydropower should be more than 
doubled and solid fuel consumption remain substantially un- 
changed. These projections depend, of course, on increased 
availabilities of petroleum at a real cost not much above present 
levels. (See table 111.) 

TABLE 111.-Energy consumption of Western Europe 7938, 7950, and 
projection for 1975 

[In millions of metric tons, bituminous coal equivalent] 

European Oil Consumption. By 1975 it may be expected 
that about one-third of Western Europe's energy requirements 
will be met by petroleum, as compared with 14 percent in 1950 
and 10 percent in 1938. A major factor will be high production 
costs of coal in Europe and low production costs of oil in the 
Middle East. Another is the great growth of demand for liquid 
fuels in transport uses. 

Western Europe's petroleum consumption has increased by 
66 percent since 1938, despite interruption of refinery con- 
struction during the war, maintenance of artificially lo? coal 
prices, and despite exchange difficulties, trade restrictions, 
tariffs, and high petroleum taxes. If the next 25 years bring 
rapid economic growth, Western European petroleum con- 
sumption should rise at an accelerated rate. 

Europe's Hydropower. Western Europe still has consider- 
able undeveloped hydropower resources, but much of this is 
located on the Scandinavian Peninsula far removed from 
Europe's industrial centers. In 1938, less than 15 percent of 
Western Europe's waterpower resources had been developed. 
In 1950, this figure had increased to nearly 25 percent. By 
1975, it is estimated that about half of Europe's waterpower 
will have been developed, providing for about 15 percent of 
Europe's total energy consumption as compared with 11 
percent at present. 

The Future for Coal in Europe. Coal consumption will 
probably not increase substantially above the present level. 
The average cost of coal at the mine head, which at present 
varies from about $8 per ton in the United Kingdom to $10 
or more on the Continent, may be expected to increase by 50 
percent or more in relation to the average price level as prices 
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are decontrolled and as mines ha\ e to be deepened, more diffi- 
cult seam? worked, and miners' wages raised. Geological con- 
ditlons will continue to hamper mechaniration. Real ~t ages of 
coal millers will hake to be incaea9ed more rapid11 than those 
of other workcrs in order to maintain dn adequate labor f ace .  

'These increases in the cost of producing coal in Europe lvill 
occur durirr~ a time when increasing amourlts of petroleum will 
become available froin the Middle East. These petroleum sup- 
plies should. in the absence of interruption from political de- 
s elopments, be the prin~ipal  source from w hich Europe's 
increased enerL7 requirements are to be met. Coal imports 
from the United Stater will taper off, though it is possible that 
.L\merican coal ~vill retain a permanent foothold in Southern 
Europe to the extent that petroleilm cannot be substituted for 
cod ,  

In  195 1 . Japan's total energy consumption, like its industrial 
production, almost regained the prewar letel. Japan's total 
energ\ consumption is now equivalent to 93 million metric 
tons of bituminous coal. Half of this is based on coal and lignite: 
40 percent is contributed by h~droelectric po\\er; 5 percent 
each is accounted for by petroleum and by wood and charcoal, 

Between 1930 and 1939, Japan's industrial production in- 
creased by 115 percent and total energy consumption rose by 
X percent. By 1975, Japan's industrial output niay be expected 
to increase more than threefold and its energy requirements to 
more than double. 

X substantial part of the energy increase will be hvdroelectric 
power. Although Japan has developed nearly half its suitable 
water power sites, its hydroelectric power capacity probably 
\\ill be donbled b) 1975. Its hvdroelectric power output then 
would be equivalent to near l~  80 million tow of bitliminous 
coal. 

Petroleum consumption may be expected to increase five- 
fold or more. but el en so it would contribute onlv about 10 to 
30 million tons, bituminous coal equivalent. This would leave 
coal requirements of some 70 to 80 million tons yearly. 

Japan will experience great difikulties in coverinq these 
requirements. Its coal beds--primarily in Hokkaido and 
Kkushu-are 9enerall~ deep, thin, steeply pitched, and of rela- 
tiyell7 poor qual i t~ . -41 er aqe output per worker ic bet\\ een one- 
half and t~o - th i rds  of a ton per daj-less than one-tenth of 
that in the Knited States Possibilities of mechanizatiorl are lim- 
ited by increasingly difficult mining conditions; output per man 
actually dcclined since 1933 and increased production LL '1s 

made posqible orrlv by a rapid increase in the labor force. Total 
production-about 44 million tons in 1951 h a s  not bet re- 
gained the prewar peak of 57 million tons, leached in 1940. " 

Before the war, Japan imported betveen '7 and 10 million 
tons, almost all from areas no\\ under So\ iet controi 1 Sakhalin, 
China, ?\Idnchurial. Japan was-and still is--deperldent on 
imports for almost all its metallurgical coking coal and for 
some high-calorie qas coal and ailtllracite. On the other hand, 
Japan exnorted some boiler coal 1.8 million tons in 1938). 

The loss of its customary sources of coal irnports has forced 
Japan ro turn to the cnited States for coking coal. D u ~ i n g  1951 

Japan imported about 2 million tons of coking coal and 300,- 
000 ton: of anthracite from the LTrlited States. Exports of 
boiler coal amounted to about '700,000 tons, Ket i~~ ipo r t s  thus 
amounted to 1.6 million tons. but another 2 million tons .cvere 
uithdravn from stocks. Imports are scheduled tc rise to 3 mil- 
lion tons in 19.51. Imports horn the United States of at least 
this nlagnitude are likely to continue as 1o11g as Japan cannot 
be bupplied from sources 01s the Alsiatic mainland. 

Canada's energy consumption has irscreased b~ 70 percent 
since 1939. In 1950, coal still accounted for 46 percent of totdl 
energs ~oiizumption ,excluding fuel wood: ; petroleum, 2 2  
percent; h~ droelectric power. 29 percent; natural ga,. 3 
percent. 

TVell ores half the coal consumed in Canada is imported, 
almost all froni the United States; and Canada's depeticience 
on such imports is increasing. Coal impor& from the United 
States rose from 11.6 million metric tons in 1939 to nearly 25 
million tons in 195 1 ; their share in Canada's total consumption 
rose from 44 to 60 percent. (See table ITT.) 

Canada's dependence on coal imports is explained primaril) 
by transportation costs. Canada has large coal reserves in 
Alberta and Nova Scotia, but thec are far from principal 
markets. Two-thirds of Canada's industry is concentrated in the 
Toronto-Ottaw a-Ilontreal triangle, which can be supplied 
more cheapl) from United States mines. 

There is no clean-cut trend to Canada's e n e r g  requirements 
They have gone up sharply during the past decade when in- 
dustrial de~.elopment was rapid; but durinp. the precedinq 
quarter century when industrial development was slohv. fuel 
consumption also increased slo\vly. If a rate of industrial grom th 
comparable to the past decade is assumed, Canada's total 
energy requirements would about triple during the next 5 
)ears. The largest increases nould undoubtedl\ occur in 
petroleum, natural gas, and h)droelectric power; but coal con- 
bumption ma\ be expected at least to double, Perhaps tuo- 
thirds of Chnada's coal nould come from the United State4 
more rhan 50 million tons )early. 

:In nlillions of mctl-ic rol!s, bituminous coal rq~rivalct~t '  

Coal I 

I Pctro- \atural Hyclro- Glanti 
Year leum Fa$ poltcr total 

Uornc\- Tin- 
t : ~  1 ported 1 Total 

1 Bituminous, suh-bitumi~lous~ and lignite. 
2 Bituminous coal, anthracite, and coke. 
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Chapter 4 

THE DEMAND for electric energy in the Lnited States during 
the next 25 )ears may be expected to increase two and one-half 
times if there is to be a doubling of the Xation9s output of all 
goods and services in that period. With such a growth, the 
electricity demand around 1975 would be about 1,400 billion 
kilo~att-hours, compared with the generation of 389 billion 
kilowatt-hours in 1950. 

The country has enough of all energ resources-\later- 
power, oil, gab, and particularlv coal-to support a rise in 
electric enerqy supply of this magnitude. The major question is 
whether supply will in fact be expanded rapid11 enougih in 
relation to demand and .li ithorlt a rise in real costb. 

The requirements of a successful program of electricity 
expansion are threefold : 

First, ever? opportunity must be taken to harness unde- 
veloped waterpower potential at a rapid pace, wherever 
economicallv feasible. Since much of this development will 
have to be at Federal multipurpose sites, Go\ ernment sun  e\ s, 
planning, and authorization and appropriation procedures 
should be markedlv hastened. 

Second. full advantage should be taken of opportunities that 
exist to i m p r o ~ e  technical efficiencies arid otherwise effect 
economies to hold d o ~ l n  or reduce costs of electricity produc- 
tion. particularly in thermal generation plants. 
Third, existing capacity and future installations should be 

geared into broadly designed, integrated operations covering 
wide regions. This approach holds great promise for the most 
efficient use of sources of electric power. 
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Electric Energy 

In  the rest of the free world as a whole, demand for electric 
energy may be expected conservatively to increase at a rate as 
great as that of the United States: with expansion fastest in the 
comparaticely underdeveloped countries. Such a growth rate 
probably will press hard on the relatively tight gas, oil, and coal 
resources of some free countries, especially the industrial coun- 
tries of Western Europe. JShere hydroelectric resources exist, 
therefore, every effort should be made to develop them. 

RAPID GROISTH O F  ELECTRICITY 

Electricity has had a phenomenal growth in the United 
States ever since it Tvas introduced commercially in 1882. Since 
1920, its use has approximately doubled every 10 )ears, con- 
tributing greatly to increased labor producti\ it?-, larger national 
economic output, and improved living standards. 

By 1950 electricit! was being used for lighting and other 
purposes in 92 percent of all houses in the United States and 
in 83 percent of rural homes. I t  is estimated that electric motors 
provided at least 90 percent of the mechanical power used in 
industrial plants. An analjsis of comparable industries, as csv- 
ered b) the Census of ;Illanufactures, shows that the use of 
electric energy per man-hour of labor increased from 2.61 
kilowatt-hours (kw.-hr.) in 1929 to 4.60 in 1939 and to 5.71 
in 1947. By 1950. the average was estimated at  6,29 kw.-hr. 

Total consumption of electric pow7er in the United States in 
1950 had reached 334 billion kw.-hr. compared to 74 billion 
in 1925. By far the largest part of the 1950 total, about 200 
billion kw.-hr., was used for icdustrial purposes; residential 
and farm consumption was about 75 billion kw.-hr.; and 
commercial consumption, some 50 billion kw.-hr. 



Production of electric energy in 1950 was 389 billion kw.-hr. 
with transmission and distribution losses accounting for 55 
billion kw.-hr. Generating capacity amounted to 82.8 million 
kilowatts (kw) . About one-quarter of the electricity produced 
in 1950 was supplied from hydroenergy, and three-quarters 
from thermal generation. 

Table I shows the growth of electricity production in the 
United States from 1902 to 1950, broken down between hydro 
and thermal generation. For the most part electric energy in 
this Report is measured in kilowatt-hours. The term kilowatts 
is used as the measure of capacity to produce energy, or to 
measure demands for electric power at an instant or short inter- 
val of time. The re1ationship"can be explained as follows: one 
kilowatt of electric generating capacity operating for 1 hour 
will produce 1 kilowatt-hour of electric energy; for one entire 
day-24 kilowatt-hours of energy; and constantly for a year- 
8,760 kilowatt-hours of energy. Few generating plants operate 
at a constant rate because demands for energy vary with the 
hour of the day, the day of the week, and the season of the year. 
Furthermore, all generating plants must be taken out of service 
for routine and emergency maintenance and repairs. 

TABLE I.-Growth of electric energy production in the United States 

[Billions of kilowatt-hours] 

Year / Hydro I Thermal / Total* 

* In some cases will not add due to rounding. 
t Estimated. 

SOURCE: Federal Power Commission, Electric Power Statistics 1946-51. 
Bureau of the Census, Historical Statistics of the United States, 7789-7945, p. 156, 
Series 6171-182 .  

Most of the electricity in the United States is produced by 
privately owned utility companies, although a significant por- 
tion is also accounted for by industrial concerns that supply 
their own power and by municipally owned, cooperative, and 
federally owned facilities. The pattern of production in 1950 by 
ownership of generating plants is shown in table 11. 

FUTURE DEMAND AND SUPPLY 

The Nation's demand for electricity is expected to continue 
to rise rapidly up to 1975, though at a somewhat slower pace 
than in the past. In the 25-year span from 1925 to 1950, total 
national output of goods and services approximately doubled 
while consumption of electricity increased 375 times. If total 
national output should double again from 1950 to 1975, de- 
mand for electricity may increase 2% times. This projection, 
prepared by the Commission's staff, is, of course, only a rough 
approximation intended to suggest the general magnitude of 
probable increase. 

TABLE 11.-Electric energy generation by ppe of ownersh$ 

[Billions of kilowatt-hours] 
1 I 

Generated by- Thermal Hydro I i Total 
Percentage 
of grand 

total 

Total. . . . . . . . . . . . . . . . . . . .  100.0 
. . . . . . . .  Percentage of grand total. . . . . . . .  1 0 1 0 1 0 1 . .  

Privately owned electric utility 
corporations. . . . . . . . . . . . . . . . .  

Privately owned industrial plants. 
Municipal and cooperative elec- 

tric systems.. . . . . . . . . . . . . . . . .  
Federal electric systems. . . . . . . . .  

I I I I 
SOURCES: Edison Electric Institute, Statistical Bulletin #18, July 1951. 

Federal Power Commission, "Production of Electric Power in the United 
States," monthly reports, 1950 and 1951. 

21 7 
54 

15 
2 

Table I11 shows this 1975 projection by main classes of custo- 
mers and for each class compares the 1925-50 percentage 
increase with the projected increase from 1950 to 1975. A 
fuller explanation of these 1975 projections is given in volume 
I1 of this Report ("Projection of 1975 Materials Demand"). 

TABLE 111.-Consumption of electric energy in the United States, actual, 
7925 and 1950; projected, 1975 

[Billions of kilowatt-hours] 

Class of consumer 

1 Edison Electric Institute. 
2 Includes farm customers. 
3 Small light and power sales of electric utilities. 
4 Large light and power and railway sales of electric utilities, plus genera- 

tion for industrial use in nonutility plants. 
5 Losses incurred in transmission and distribution. 

Residential 2 . .  . . . . . . . . . . . . . . . .  
Commercial 3 . .  . . . . . . . . . . . . . . .  
Industrial: 4 

Major electro-process.. . . . .  
Other.. . . . . . . . . . . . . . . . . .  

Miscellaneous. . . . . . . . . . . . . . . .  

Total consumption.. . . . .  
Losses5 . . . . . . . . . . . . . . . . . . . . . .  

Total generation.. ...... 

EXPANSION OF GENERATING CAPACITY 

19251 

In order to meet the projected electric power needs during 
the next 25 years, generating capacity would have to be in- 
creased by about two and one-half times the 1950 level, that is, 
from some 83 million kilowatts to close to 300 millions, on the 
basis of the 1950 relationship of capacity to production. Includ- 
ing a small amount for replacements, this would mean an 
average gross addition of close to 10 million kilowatts of 
capacity each year. By comparison, the gross additions in 1950 
were about 7 million kilowatts and in 1951 about 8 million. 
The projected rate of expansion is readily feasible, though 
meeting these requirements would necessitate some expansion 
of the heavy electric power equipment manufacturing indus-' 

6.5 
8. 9 

4.1 
53.2 
1.0 

73.7 
11.0 
84.7 
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74. 5 
50.4 

37. 5 
160.6 
10.7 --- 

333.7 
55.1 

388.8 

1975 

311 
194 

207 
470 
25 

1,204 
196 

1,400 

Percent change 

1925 to 
1950 

1950 to 
1975 



try: would place a heavy load on the construction industry, and 
would call for large amounts of materials. I t  would also necessi- 
tate a sustained high rate of capital investment in electric gen- 
erating and transmission facilities, especially by private utilities. 
T o  avoid shortages that might inhibit economic growth and 
perhaps impose costly dislocations in the areas affected, this 
expansion of generating capacity will have to be timed to pace 
the growth of demand in each region and locality. 

A sufficient and timely rate of expansion by the private 
utility industry might be impeded b!? uncertainty of investors 
as to future markets and earnings, by financing difficulties, 
shortages of material and equipment and the like. In  the past. 
the expansion of Federal h) droelectric facilities-the planning. 
authorizing, and appropriating procedures-has been time- 
consuming and inadequately geared to the rate of growth of 
demand. Unless deterrents to private expansion are averted, 
and unlesq orderl! and more expeditious procedures for public 
h) dro expamion are d e ~  eloped, future g r o ~  th and security tz,ill 
be hampered. 

BASIC E S E R G Y  SOURCES FOR ELECTRICITY 

Corresponding increases would have to take place in the 
total supply of basic energy for generation of electricity-in 
the aggregate supply of developed water flows and of coal, gas. 
and oil fuels, though the proportions of these several : .ources 
might change, This fact raises three crucial questions: can the 
energy resources of the United States support such a large 
expansion of electricity production? Can such expansion occur 
without encountering increases in the real costs of electricity 
large enough to have a deterrent effect on economic growth? 
If war should break out before 1975, will there be enough 
electricity to support a maximum effort? 

The growth of electricity production has imposed a steadily 
increasing load upon the basic energy resources of the United 
States. At the same time a great shift has occurred in the "mix" 
of basic energy sources used for generating electricity. These 
changes are shown in table 1V. 

TABLE ITT.--Przrna~y enel<> hources used *for  e/ectrtcz!y production in 
the C-nzted States. 1925 and 1950 1 

Amount of basic Kw.-hr. produced 
energy consuined (billions) 

Source -1- 

1925 I 1950 ' 1925 I950 

Coal, 

feet 
Gas . . . . . . . . . . . . . . .  . . . .  ! 67 / 777 ~ j l 55 

.Lfillions of barrels ! 

oil.. . . . . . . . . . . . . . . . . . . . .  ' l 5 I  9 3 1  I 4 1  42 
'Total thermal production. . .  ~. . . . . . . . . . . . . . .  . 59 288 

AMillions o f  kw. ca- I 

pac t9  I 

Hvdroele~tric 7 1 9 '  26 101 
_ _ _ _ _ l l l _ s l l _ I _  

Grand total I . I  85 1 389 

1 Includes electric utilities and industrial user-owned gemration. 

SOURCE: Federal Power Commission 

Hydroelectric productio~l multiplied fourfold from 1925 to 
1950, but its contribution to total electricity supply nevertheless 
fell from nearly one-third to one-quarter in this period. There 
still remains a considerable undeveloped hydroelectric potential 
in the United States that could be economically used, but it is 
physically limited and is clearly inadequate to provide more 
than a fraction-perhaps one-quarter, a t  best-of the ex- 
panded suppl) of electricity needed between now and 1975. 
The bulk of expansion ?till have to be provided bv thermal 
( fuel-fired 1 generation. 

Thermal qeneration actually carried the largest part of the 
gro\tth from 1925 to 1950. with an almost fourfold increase in 
supplc and ~ i t h  its contribution to total alecrricitv supply ex- 
panding from just over two-thirds in 1925 to about three- 
fourths in 1950. During this period oil and natural gas ex- 
panded dramatically as major fuel sources for electric genera- 
tion; the contribution of oil for this purpose rose to 10 times 
and gas to 18 times. Coal's contribution. on the other hand, 
increased to less than fourfold; whereas coal supported nearly 
nine-tenths of thermal yeneration in 1935, it accounted for 
only two-thirds by 1950, 

Though the extent of future discokery and production of 
petroleum and natural gas in the United States is uncertain, as 
discussed elsewhere in this volume of the Commission's Report, 
vast resenes of coal and lignite give the Kation the resource 
base for a tremendous expansion of thermal electric generation. 

W I L L  COSTS OF ELECTRICITY RISE? 

The big question remains as to whether an expansion of the 
magnitude indicated above can be accomplished without sub- 
stantial increases in the real cost of electric energv. 

The general economic objective of keeping costs of all ma- 
terial$ as low as possible applies with particular force to elec- 
tricity, because it enters into the cost of practically all goods 
and services produced in the economy and into the budget of 
nearly every family. Even thoush electricity typically repre- 
sents only a small fraction of total production costs for most 
items, a substantial increase in its real costs, reflected in corre- 
spondingly higher prices to industrial and other consumers, 
could have a considerable retarding effect on economic growth. 
The impact would be particularly serious upon the electro- 
process industries, which thrive because of low-cost electric 
power and upon which the United States must depend heavily 
for solving some of its difficult materials problems. Table V 
shows the electricity requirements for selected materiah whose 
growth will be highly important to the United States economy 
from now to 1975. 

In  the manufacture of aluminum, for example, reduction 
plants require approximately 9 kw.-hr. of electric energy for 
each pound of aluminum produced. At about 2 mills per 
kw.-hr., the cost of energy per pound of aIuminum is close to 
one-tenth of the present price of the metal. Each increase of 1 
mill in the ~ o s t  of power, therefore, results in an increase of 
nine-tenths of a cent in the cost of the metal, or nearly a 5 per- 
cent increase in the total price. Relatively small price changes 
in such materials as aluminum may affect considerably their 
competitive position and the extent of their long-run growth. 
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A4p~;b,-o>zrr;afe kzc3.-hr. 
1egrtirrd p u  ton 

r: j P I  ~ d u r r  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Titanium metal*. 40,000 
Aluminum metal. . . . . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . .  18,000 
95 percent silicon metal,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 500 
Electrolytic magnesium. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16> 000 
35 percent hydrogen peroxide (100 percent basic) . . . . . . . . . .  16,000 
Electrolytic manganese. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.200 
Silicon carbide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8,600 
70 percent ferrotunssten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.600 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sodium chlorate. 5, 200 
Rayon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,200 
Phosphoric acid (via electric furnace). . . . . . . . . . . . . . . . . . . . .  3, 900 
Electrolytic zinc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3, 400 
Chlorine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.000 

"Kw.-hr. per pound of titanium from the President's hlaterials Policy 
Commission staff' report on titanium. 

SOURCE: Adapted from chart of "Process Po\\-er Requirements." Chernicnl 
Engineering, March 1951, p. 115. 

Changes in production technolo,v) will probably increase the 
number of electro-process materials and \sill enlarge the power 
requirements of many other materials by 1975. Broadly and 
over the long-run, as important materials like copper become 
more difficult to obtain, the Sation will need to develop substi- 
tutes, such as aluniinum. to replace them. hioreover, as hiqh- 
grade reserves of important minerals dwindle, more electric 
energy l t  ill be needed in some cases to use lower grade ores. T o  
mine and concentrate the low-grade iron ore of the Lake 
Superior region will requi~e 75 to 80 kw.-hr. per ton of con- 
centrates as compared with an arerage of 3 k\~.-hr, per ton 
of usable high-grade ore. : I ]  Unless sufficient electric energy is 
available at  favorable costs the expansion of substitute ma- 
terials and of output from low-grade ores will be retarded. 

L'ntil fairl; recentlv, electro-process industries have turned 
mainl) to large-scale h) dro sources for lob-cost enerp  , such as 
the Shawinigan Falls delelopment in Quebec, the Siagara 
Falls der elopments in Ontario and Kew York. and the Govern- 
ment hydroelectric systems in the Tennessee Valley and in the 
Pacific Sorthuest. As the general utilit)~ demand for electric 
enersy has grown in these limited areas of lo~v-cost hydro- 
power, howexrer, the electro-process industries ha\ e been in- 
crea5ingly unable to compete 151th the prices offered by other 
industries and b) general utilit) consumers. T o d a ~  most of t h ~  
power from Shawinigan Falls is used for general utility pur- 
poses, and large blocks cf additional 1o.r~-cost h~drodectric 
power .itill not be as readil) available at nliagara Falls or in the 
Tennessee Valley for the expansion of electro-process indus- 
tries as thei7 have been in the past. The  growth of gen- 
eral utiliti requirenrrnts \\ill In time encroach upon all these 
lo\$ -t oss hx dropov er supplies. including those no\\ bein9 de- 
\eloped. According]\, there will be need for a large-scale 
expansion of low-cost electricity supplies from fuel-fired 
generation. 

The great contribution of electricity to the economic g r o ~ t h  
of the Cnited States to date has resulted not only from the tre- 
mendous rxpansion of supply and use, but also from the decline 
in real costs and real prices of electricity. Between 1923 and 
1950 the average price paid for electric power by industrial and 
commercial customers, adjusted for changes in the purchasing 

power of the dollar, dropped 58 percent. and bv residential 
users 70 percent. The declining real costs of electric power re- 
flected in these falling prices to consumers were made possible 
primarily by steady technical advances in the production, 
transmission, and distribution of electricity, by the economies 
inherent in larger volume operations and sales, and by declin- 
ing duel costs. 

There is serious question whether a reversal of this long 
downward trend in the cost of electric power can be prevented. 
Several factors tending to push the cost upward are already at 
work and others are in the offing. 

First, future increments of hydropower will cost more on the 
average than present hydroelectric supply, which for the 
Kation as a whole now has an average cost lower than thermal 
electricity, A few large, low-cost hydro sites remain to be de- 
veloped. There are other available sites that can be economi- 
cally developed, but they will entail higher average costs for 
the electricity produced. 

Second. the real cost of oil and particularly natural gas for 
thermal generation may rise considerably, thus forcing up 
thermal electric costs. If limited supplies and higher costs of 
oil and gas force a greater shift to coal, there will be an addi- 
tional upmard pressure on electric generating costs insofar as 
oil and gas are presently cheaper sources of energy than coal 
in certain areas. 

These increases in real cost are exclusise of upward changes 
in money costs that might result from general price inflation, 
higher I\ age rates, increased property taxes and the like. 

THE PROBLEhI OF SECURITY 

If \>ar should break out, a burden would be thrust upon the 
electric power industr) and those iridustries that supply it, as 
demonstrated by the experience of the Second Ptorld War. 
'Not onl) did the requiremenn of many existing industriai custo- 
mers increase considerably, in line ~ i t h  increased demands for 
their products, but there emerged a next demand for l a r y  
blocks of eleciric power to support neic industriai capacity, as 
in the case of aluminnm. Fortunately the Kation entered the 
i\ ar itith a comfortable cushion of generating capacity and 
Large blocks of new h\dro capacity nearing completion. El en 
so, generating capacity had to be expanded considerahi\. in 
spite of some displacement of nonessential cixilian loads. 
Altogether. total production of electric poiver increased from 
180 billion kw.-hr. in 1940 :o 281) billlon k~ .-hr. in 19-44. a 
rise of 56 percent. Generatin2 capacity roze in the same period 
from 5 1 million k ~ .  to 62 million. 

In the event of another nar .  there would be similar need for 
a cushion to proside a fast increase in electric encrg)f suppl) 
to match the upsurge of industrial demand. In conling years 
the expansion of qenerating capaciti musr not simply keep in 
step \+ith rising peacetime demand but a step ahead in order 
to insure a security cushion. 

There is a l w a ~ s  the strong possibility of enemy air attack on 
United States cities and industries. I n  order to meet emergency 
needs for electricity in particular areas resulting, for example, 
from clamage to generating facilities in such areas, or simply 
from abnormally heai y industrial war demands there, it \vould 
be important to have maximum flexibility in obtaining electric 
power supplies from other areas. Such flexibility requires the 
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full development of high-voltage transmission interconnections 
within power regions and of tie lines between regions. Most of 
these would have significant economic value in peacetime and 
all would be of great importance in case of war. 

EXPANSION I N  FUEL-ELECTRIC GENERATION 

,4s indicated earlier thermal generation will probably have 
to supply at least three-quarters of the needed growth in electric 
energ). supply up to 1975. Beyond 1975 thermal generation will 
have to carry an even larger share of the growth load. Oppor- 
tunities for achiexing this expansion and at the same time 
holding costs to a minimum are promising. They lie in two main 
directions : \ I j raising the engineering and economic efficiency 
of generating plants and ( 3  j reducing fuel  cost^. Opportunities 
to reduce transmission costs and to secure advantages from 
fuller integration and coordination of electric systems apply 
also to hydroelectric poiver and hence will be treated later. 

ISCREASING T H E R M A L  G E S E R A T I O S  EFFICIENCY 

Great adxances have been made o ~ e r  the last 25 years in 
raising the cfficiencx of fuel-fired generating plants, with the 
result that plants being built today are far more economical to 
operate than many older plants stith smaller units still in use. 

time goes on, these older, high-cost plants will be retired and 
this shift \\ill exert a downs+ ard influence on average thermal 
generation costh. A recent study by the Federal Power Commis- 
sion compres the cost performance of ~enerating stations hav- 
ing more than 75 percent of capacity installed after 1931 to 
srations hak~ng more than 75 percent of capacit) installed 
prior to 193 1. [2; The comparison assumes equivalent fuel costs 
and operating plant factors for the various plants. and is based 
on stations of rouyhl; equixralent size. 

The stud) shows that axerage over-all production costs in 
the mole recentl) .constructed stations svere close to 25 percent 
lolt er. cost conlponents except wpertision and engineering 
~t ere less; labor costs werc 15 percent less; maintenance, 43 
percent; \cater, supplies, and other expense?, 18 percent ; and 
fuel t osts, 2 1 pcrcent. 

Thc same stuciy indicates that substantial economies are en- 
jo\ ed bv larqc stations 'of about 100,006 kilou att capacit) '] 

as compared with small or1F.s: their total costs tend to be 25 to 
40 pcrcent lo~+er .  The trend iq toward such l a r ~ e .  101%-cost 
plants \z it11 larger units, The ax erage capacit~ of stations in- 
stalled from lC)42 to 1946 i+as about one-thild larger than in 
the period 1927-31, and the average size of stations being in- 
btalled t o d a ~  is considerablx greater than in 1946. 

Data published annually by the Federal Porter Commission 
during the subsequent )ears 1947' to 195 1, inclusil e. bear out 
these general conclusions. [3] Despite higher construction costs, 
hiqher operatinq labor and fuel costs the total costs haxe been 
further reduced in many instances. This is attributed to better- 
ment of thermal efficiencies with larger units operated at  higher 
pressures and temperatures and reduction of investment costs 
through elimination of part or all of the relatively expensive 
station building. Continuous operation at high capacity factors 
has also been an important factor in the relatively low kw.-hr. 
costs of these new postwar plants. 

Fuel costs constitute about 75 percent of "produ~tion costs" 
and 50 percent of total costs, including capital allo\vances but 
excluding taxes of thermal stations. Consequently, improved 
thermal efficiency represents a major approach to reducing 
costs. Around 1900, somewhat more than 7 pounds of coal 
lvere required to generate one kilowatt-hour of energ); by 
1925, only 2 pounds were required, and by 1950 only 1.9 
pounds. Further improvements cannot be expected at the same 
rate, but a one-third reduction by 1975 below the 1950 figure 
seems possible, as against the 40 percent decline in the preceding 
quarter century, and the 70 percent decline between 1900 and 
1925. 

A more specific example of cost-reducing opportunities may 
be obtained from a comparison of costs in three reasonably 
conlparable steam plants in \ITashington. D. C., where installa- 
tions were made at three significantly different periods: the 
1920's, the 1930's and earl) 1940's, and in 1949-50. In  spite of 
size and plant-factor differences, the three plants may be com- 
pared, in rough terms. for cost indications. Total production 
expenses per kw-.-hr. during 1950 in the most recent and mod- 
ern plant were about 20 percent lower than in the intermediate- 
age plant, and about 50 percent lower than in the oldest plant. 
Fuel expenses per kw.-hr., with all three plants using coal at 
roughly thr same purchase cost, were about 15 percent lower 
in the most modern plant than in the intermediate-age plant, 
and 35 percent l o ~ e r  than in the oldest plant. Corresponding 
figures n ere 33 and 70 percent for operation labor, supervision, 
and engineering: and 68 and 90 percent for maintenance 
(including labor, material, and other expenses . -Average 
B. t. u. consumption per net kilowatt-hour generated was 10 
percent lower in the newest plant than in the intermediate-age 
plant, and 30 prrccnt lotver than in the oldest plant. 

\\*AYS TO XOLD DOIZ'S F U E L  COSTS 

There are also opportunities for holdiny donn the costs of 
the fucls themselve>. These are ciiscussed in more dehil eke- 
where in this lolume in the chapters on oil, gas, and coal but 
deserve brief mention here. 

Since f~iel-fired generation of electricit~ has \side flexibil- 
it\ in choice of fuel. there is a!\tays incentix e to uqe the lo\\ est 
cosi fl!d or cornbination of f~!els, ofteri in conjurictiori with 
h~tlro-generation. Large amollnts of natural gas are accord- 
ingly used in those areas, particularl\ in the Southwest, where 
gas is indigenous and relative11 cheap as compared to coal, 
which must be transported from mines far arvav. JVhether or 
not natural gas hill in the future be abundant enough and 
cheap enough to be competitive with conl for thermal genera- 
tion in areas distant from gas fields, it is likelv that gas ~z~ill  
remain in heavy use for this purpose in gas-producing areas up 
to 1975. Similarlv, fuel oil is likely to remain an important fuel 
for thermal generation in areas ~ i t h  large refinery capacity. 
Concei\1ably oil and gas will be sufficiently abundant to account 
for a considerably higher proportion of total fuel for electric 
generation than at present; if not, coal can move in to take up 
the slack. In  any event, coal \\ill remain the   red om in ant fuel 
for electricity production for the Iiation as a whole, and it offers 
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the greatest opportunities for holding down fuel costs, Table VI If these various opportunities are vigorously pursued, there 
illustrates how electricity requirements around 1975 might be is a strong possibility that the costs and prices of thermal elec- 
met from various basic energy sources, assuming relatikely tricity for most areas of the Nation can be kept from rising 
favorable gas and oil supply conditions. :in relation to the general level of prices j and perhaps even 

further reduced. 

7' IBLE \ I .-Przmav energj ~ovrces  and produrtzon of r iel  iricztj . 7950, 
and n po~jrh le  pattern o j  solirces and prociu~tzon. 1975 OPPORTUNITIES I N  HHYDROELFoCTRIC LSEKGY 

Consumptiorl of I<ii -hr. p~oduc-  
basic energv tion jb~ll~ons I 

Source - .- -- 

-- 
,Ililiions c j  short 

torzj 
Goal. . . . .  1131  320 191 8 0 0 

Bill ions o f  m b l c  
feet 

Gas . . . 
- - 

. . , .  . . 775 1. 6110 ~ 3 3  I50 
.Ilzilzons qi barrels 

Oil . , . . .  . . . . . . . . . 9 3 300 42 150 

Total rhermai production 288 1 100 
t f l i l z o - ~ s  of kz t  

GapaczQ 
WF droelectrlc 19 60 101 300 

GI and total. 1 . . 389 1, I ~ O  

During 1950. the a.irerage cost of coal at the mine was close 
to $5 a ton, though it was as low as $1-$2 per ton at open pit 
mines. T o  this must be added the c a t  of transportation, unless 
the steam-electric generating plants are located in the vicinity 
of the mines. Trarlsportation costs in 1950 averaged about $2 
per ton and in some areas considerably higher, There are tre- 
mendous possibilities, discussed in the coal chapter of this 
volume, for improving techniques of coal production, prepara- 
tion, and trarlsportation and thereby exerting a downward 
pressure on thermal generation costs. The dectric power indus- 
try itself can take action to reduce coal costs in many cases by 
installing thermal stations directly at mine heads, thus substi- 
tuting the cost of transmitting electric power to customers for 
the cost of shipping coal to generating stations near customers. 

Another sa\ing opportunity exists in the use of inferior solid 
fuels. Prior to 1939 approximately half of the electric power 
production in Germany came from "braunkohl" plants, which 
produced not only power but also briquets, chemicals, and 
liquid fuels from lignite and sub-bituminous coals. In the 
United States there are extensive deposits of such low-grade 
coals that can be strip-mined at low cost and that can be com- 
petitive with other fuels after realizing the coproducts )ielded 
by low-temperature carbonization. The plan to use lignite for 
power at a 1arp.e aluminum reduction plant now under con- 
struction in Texas is based on evidence that power may be 
produced at satisfacton costs from such lignite char. Since the 
B. t. u. content of lignite or char per ton is too low to stand the 
costs of transportation, the power must be generated near the 
lignite beds. \I\'hile this limits the market for lignite to produce 
power for general utility use, electro-process plants may find it 
profitable to locate near such energy sources. For example, 
power plants near lignite beds could perhaps be developed for 
base-load electric energy production in such areas as the Da- 
kotas and Montana to supplement Missouri River hvdroelectric 
developments. 

Hydroelectric power has the advantage of berng based on a 
nonexhaustible source of energ,--the constanily replenished 
flow of water in rivers and streams. In some areas it also has 
xhe ad\ antage of providing electric energ at substantiall\ 
lower costs than thermal generation. 

Cost accounting coniplexities mahe it difficult to cornpdre 
costs of hvdro and thermal generation with precision. partir u- 
larly if comparisons are attempted between Government multi- 
purpose projects and private steam plants. Information com- 
piled by the Federal Potver Commission on total co~ts  of 
pri~ately oavned electric utilities prolides a valid basis, ho~v- 
ever, for concluding that on the average the cost of electricity 
supplied toda) by h) dro plants is substantially below the 
cost of rlectric energy from thermal plants. \Side variations 
in cost exist, of course, among individual plants in each 'cate- 
gory. Jloreover, wherever it is necessary to supplement hydro 
with thermal capacity to meet market loads, the benefits of 
the low-cost hydro energy can be fully achieved only by in- 
curring the higher cost of the complementary thermal energy. 

Enabling legislation has made it possible to develop rivers 
for irrigation, navigation, flood control, recreation, and pollu- 
tion abaternent along with development for electric pomer. 
During the past 50 years there has evolved a concept of multi- 
purpose development that is now embodied in Federal policy 
with respect to water resources. In  man) areas there is a grow- 
ing need for the nonenergy functions serked b) these projer ts. 
Without hydroelectric power production. however, many multi- 
purpose projects would not be economically feasible since ail 
purposes share the costs of development. Similarly, hydroelec- 
tric paver costs also may be lower because of this sharing of 
joint costs with other purpobes. 

Unfortunately there is a definite limit to the number of sites 
in the United States at which low-cost hydropower can be de- 
veloped, though such sites have by no means been fully 
utilized, 

F U T U R E  EXPAKSIOK POSSIBIL,ITIES 

The Federal Power Cornmission has estimated that the total 
hydroelectric power potential of the United States is about 105 
million kilowatts, with an average annual generation potential 
of about 478 billion kilowatt-hours. This estimate (which ex- 
cludes small sites of less than 2,500 kw. potential) is necessarily 
subject to many qualifications and later revisions but in the 
view of the Federal Power Commission it nevertheless serves to 
indicate the long-range economic waterpower potentialities 
of the Nation. 

At the beginning of 1950, a total of 16.5 million kw. of 
capacity ,excluding sites under 2,500 kw.) was actually in- 
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stalled, only 16 percent of the estimated potential of 105 mil- 
lion k ~ .  The average annual generation from this installed 
capacity is estimated at 87 billion kw.-hr., about 18 percent of 
the estimated total potential of 478 billion kw.-hr. Forty-seven 
projects then under construction would add another 5.6 million 
kw. of capacity. bringing installed capacity to nearly 22 percent 
of total potential and average annual yeneration to about 24 
percent of the estimatedeolal potential. 

The  remainin? 78 percent of potential capacity is made up 
of a xcide variety of sites, large and small, low-cost and high- 
cost, some carefully studied and others only superficially ap- 
praised. Sixt) -nine projects, accounting for about 12 percent 
of total potential. Mere in various stages of planning by Federal 
agencies and a number of others were being seriously con- 
sidered by private utilities. More than 1,000 other sites, mostl) 
relati\ ely small ones, were apparently not receiving serious at- 
tention by anyone and many of these may upon closer examina- 
tion not prove economically feasible to cfevelop by 1975. Table 
VI I  summarizes these estimates of the Federal Power Commis- 
sion. The estimates have been based in some cases upon pre- 
liminar~ investigations and must be revised from time to time 
as additional information is obtained and new studies made. 
Detailed investigation may find some projects infeasible for 
physical, economic, or other reasons. 

TABLE V1I.--Pot~ntial hjdroelectric pozebrr in  the LTniiell Stafes 

I I 
~ ~ r n b e r  Installed *zizff 

Status ! of i capacity, I ; projects 1 kilowatts %eneration, 1 1,000 k\s.-hr. 

I 
DEVt  LOPFD PO\Z7FR 

Federal . .  . . . . . . . . . . . . . . . . . . . . . 55 / 6,098.912 ' 33.497. 600 
?ion-Federal'. . . . . . . . . . . . . . . . . . ! 197 1 10: 401, 359 51, 613, 750 

Total . . . . . . . . . . . . . . . . . I 552 i 16, 500,271 87,111, 350 
- _ 

;---- 
UKDEVELOPED POWER I 

I 

Projects under construction: 
Federal. . . . . . . . . . . . . . . . . . . 30 3 4, 88% 575 i -6, 112.000 
Non-Federal. . . . . , . . 17 4 708,020 i 4 3,430,200 

Total . . . . . . . . . . . . . . . . . . . 47 ) 5. 597, 595 / 29, 602,200 
-- ,-- --.A 

Federal projects in planning stage. . . 69 is 12. 651, 570 554, 580, 100 
Other projects. . . . . . . . . . . . . 1, 695 4 69> 820, 960 "3dG,916;205 

Total nndevcioped po\vcr.. . . 1, 811 1 88, 070. 125 / 391, 098, 505 
1 - __-- -- 

Total potrntia.1 power. . . . . . . 2 , j 6 3 \ 7 0 4 ,  570, 396 I 478, 209, 855 
1 

1 IO~RCE:  "Potential Hydroelectric Power in the L-nited States," Federal 
Polver Commission, May 1950. 

2.500 kilowatts or Inore installed capacity. 
Vnciuding additions to existing plants. 

Including additions to and redevelopments of existing plants. 
"~ilcluding authorized additions to existing plants and plants under 

construction. 

T H E  B E S T  REMAIXING S I T E S  

Decidedly the most important and attracthe hydroelectric 
sites remaining to be developed in the United States are those 
locsted in the Great Lakes drainage area (a t  Niagara Falls 
and on the St. Lawrence j and in the Pacific Xorthwest :the 
Columbia River basin : . 

The principal advantage in energy costs enjoyed by the 
Great Lakes drainage area and, to a much lesser degree, the 
Pacific Sorthwest region is the quantity and continuity of the 
flow of their principal streams. The Great Lakes form a natural 
storage reservoir unsurpassed anywhere in the world. This 
reservoir in part does naturally what storage reserkroirs else- 
\+here must be constructed to do, namely, e\en out the flo\% 
of the rivers that drain the region. 

The Columbia River and its tributaries have a large volume 
of water flowing approximately 1,200 miles from sources in the 
American and Canadian Kocky blountains, and dropping as 
much as 3,000 to 6,000 feet to the ocean. The Columbia runs 
at flood in summer when the snow on the mountains is melting. 
Since the snow melts gradually, the river varies less in flow than 
most other American rivers, but nevertheless still requires a 
great deal of conservation storage. 

The Federal Power Commission has estimate8 that the re- 
development of Niagara Falls to use additional stream flow, 
released for power generation by a United States-Canada treatv 
in 1950, would provide a net increase of 1,132,000 kw. of 
dependable capacity, and a net increase of 7,884 million kw.-hr. 
in average annual energy production to the Vnited States. 
The costs of energy at the sit? would be very lob- and would 
thus make possible economic transmission of electricity over 
long distances to S e w  York and New England markets at 
delivered prices well below rates now prevailing in thoqe 
markets. 141 Eben though modern new steam plants could 
generate power much more cheaply than older existing plants 
in the latter markets, the costs would still bt. higher than 
hydroelectric energy from this project. 

The proposed St. L a ~ r e n c e  Seaway and P o ~ e r  project 
would develop an estimated 12.6 billion kw.-hr. in an average 
water Fear, half of which would be available to the United 
States and half to Canada. Asain, the generating costs t+oulcl 
be very low. thus making bulk transmission to higher cost 
distant markets economicall\; feasible and deyirable. [5j 

In 1950, the Bonneville Power Administration marketed 13 
billion kw.-hr. of low-cost electricity from the Bonneville and 
Grand Caulee plants on the Columbia River. New projects now 
under construction should increase the power available for 
marketing to about 37 billion kw.-hr. by 1960. The  cost of this 
increased power may be somewhat higher than at present de- 
veloped sites, but would still b~ comparativelv low, 

Smaller quantities of energy can be produced bv projects 
now planned for construction in the lllissouri and the Arkansas 
drainages, in the South and Middle Atlantic areas, and in other 
regions. Considerable energ\ could also be made akailable by 
the complete development of S e w  England streams. For most 
drainage areas except the Niagara, St. Lawrence. and Colum- 
bia, howe\er, energy for round-the-clock base load can gen- 
erall) be more economicallv produced at: thermal-electric gen- 
erating stations. rc'evertheless, the proposed hydroelectric 
plants may have a cost advantage-over thermal capacity 
having a low-load factor and used for peaking purposes-if 
the? are alternated between storing water at night and oper- 
ating by day to help meet heavy daytime load$. 

In addition to the 16.5 million kw. of hydroelectric capacity 
installed as of early 1950, another 8 million kw7. is now com- 
pleted or under construction. An additional 8 million of rela- 
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ti\ el? low-cost power could be added by the construction of the 
St. Lawrence project, the redevelopment of Siagara Falls and 
by the completion of the immediate programs of the Bureau of 
Reclamation and the Corps of Engineers on the Colunibia 
Ri\er. Plans for these projects are practically complete and need 
onlv Congressional authorization and appropriations. Thus it 
is c l r a r l~  feasible, M ithin 10 to 15 \ears, to double the installed 
hydro capacitx ox r r  the earlv 1950 level, I n  addition, there 
would rernain othcr sites that probably could be economic all^ 
d e ~  eloped before 1973. An output of hydroelectric energ)- on 
the order of three times the 1950 le1 el might be achievable bv 
f 975. 

R E D U C I S G  COSTS O F  HYDIZO G E S E R A T I O N  

The  generation of electric energy from falIing \Later is 
ph\slcall-c a much more efficient operation than the generation 
of electric energ\ by fuel. S4odern h)droelectric plants have an  
over-all encineering eficienc\ of SO to 83 percent in convertin? 
the power of falling water to electric energy delivrred to the 
transmissiori line. There is thus not much room for impro~e-  
rnent. 

The  main opportu~lities are in the direction of reducing the 
initiai cost of construction and installation. The costs of pro- 
ducing h~droelectric energ) are largch fixed costs, consisting 
chieflv of interest on investment and depreciation. So-called 
\ ariable costs, includinq operation and maintenance expenses. 
for large modern hvdroelectric installations average less than 
$1 per  kilo^ att per year '63. The> nlav be as little as one-tenth 
of a mill per kilou att-hour. Ex en these costs do not 1 a n  pro- 
portionatell with output. Construction costs arid intere~t  rates 
are therefore the most important elements in the cost of h-cdro- 
electric energv. 

The past 25 \ears ha\ e brouqht important impro\ements in 
construction methods for larye dams. Especiallv important 
ha1 e been lalger earth-motin? equipmrnt, long-distance con- 
v e ~ o r  s\stei~ls to mol e aggregates. and improvements in cement 
and cement extcndrls. Continued impro\remcnts can be ex- 
pected in the corlstru~tion techniques and machinen used for 
placing mass concrete. and in mo\,icq and compacting earth 
fills for large dams. S u ~ h  ImproL ements mill tend to offset the 
increasing costs expected in the acquisition of reserx oir lands 
and in the relocation of railroads, h i y h n a ~ s ,  and utilities. 

Popular interest has been expressed in the long possibilitl 
of modifcing the ~ ~ i d e  seasonal fluctuations of stream flows in 
some areas b~ artificiallv inducmg rainfall durine periods of low 
stream floiy, therebv raising the h-\dro potential at sites alonp 
the rlver, increasing the utilizarion of imtalled generating 
equipment, and lowering the unit costs of energv production. 
lVhiIe this is a theoretical possibilitv, its practicabilitv. el en in 
the long run, is still questionable. 

O T H E R  OPPORTUKITIES 

Additional opportunities to improve both 11-c dro and thermal 
electric senice to particular areas, and to hold cio~in costs, lie 
in the further improvement of transmission methods, the fuller 
integration and coordination of indi\ idual electric s)stems. and 
cooperati1 e planning of expansion. 

Because electric plants, particularl) at  hydro sites, are often 
located at some distance from markets for electric energy, part 
of the energy generated is lost in transmission. Losses range 
from 5 to 13 percent, depending upon dlstance and line load- 
ings. The  opportunit~ exists for using higher voltages-up to 
350,000 lolts or higher--in order to decrease transmission 
losses. There are also other possibilities for reducing costs of 
Ion%-distance pow7er transmission. I n  the last 10 \ears impor- 
rant increases in the capacitx of lines ha l e  reduced the cost 
per kilou att of p o ~  er transnlitted. I t  is now econonlicallv feasi- 
ble with a high load factor to carrc polcer from 200 mile> 
up to 600 miles at lower cost? than only a feu )ears ago. 

Significant economies in the cost of electric energt ha\ e been 
xchiebed in the last 30 \ears b~ the coordinated operation of 
thermal and h\ droelectric generating plants of utilitv scstems 
and industrial firms. Early examples of pooling incllide the 
Connecticut T7alle\ Power Exchange and the Penns-chania- 
iSew Jersey interconnection. \Vide areas of the United States, 
such as the Pacific Sorthwest, now have practically complete 
coordination of electric utilitl and industrial power yeneratlon 
through interconnections b~ high-capacit\ transmission cir- 
cuits. An outstandinq example is the 17-State power pool which 
extends from the Gulf of Sfexico on the south to the Great 
Lakes on the north. There remain, howel er, a number of areas 
 there intel connection is incomplete. 

-An excellent example of additional opportrln~ties is the pro- 
posed California tieline, \\ hich would link the major s~stenis in 
California with the Pacific Xorthu est Power pool. This inter- 
connection 1% ould permit the transfer of energv from the North- 
west h~droelectric h~stems to reduce steam-electric generation 
in California. directly conser~ing residual fuel oil In that area. 
I t  ~ o u l d  also substitute for standby generating capaclt? that 
a\ ould otherwise ha\.e to be installed in the Pacific hor thu  est 
in order to mcet power requirements in periods of low stream- 
flow* 

-Another good opportunity is in Se i t  England where, because 
the State of Maine prohibits the export of low-cost h~droelec- 
tric pouer, important h-cdro potential remains undeveloped 
R e m o ~  a1 of this restriction \could lessen the dependence on 
high-cost thermal energ\ for \.\ hich man\ Xew Englanders are 
now obliqed to pa\ .  

As ad\ arlces In the science of pow e: transmission increases 
the distance of power transmission and reduces the t ost, the 
size of the integrated areas could be increased and more inter- 
! egional interconnections would become practlcahle. 

Still greater economies can be achieved ~f qentlating facili- 
dies a1 e cooperati-\ el-, planned bv related s?stems, whether pri- 
vate or public. Such planning has been zch ie~r t i  to a hi& 
deqree ox er large areas of the United States s en  ed b) p ~ i ~  ate 
utilit\ ssrerns, as in the Southeast and So r th  C'entral areah. 
It has also been achieved b~ agreement between nonaffiliated 
utilitx s-chtems, as irr portions of Alar)land, l'irginia, and JSash- 
ington, D. C. There are encouraging beginninqs of cooperative 
planning bet\\ een pril ate utilities and public power agcncies. 
The  Tennessee Valle) -Authorit! and the a~eigtlbuririy utilitv 
slstems have made siqnificant strides in cooperatk e agrerments 
in connection with the p o ~  er requirements of the Atomic En- 
erg\ Commission and otherwise. Complete cooperation in rhe 
planning of porter supplies. howet er. 1s still far f;om ach~eved 
in spite of the obvious need. 
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ELECTRICITY FROM NUCLEAR ENERGY 

One of the possibilities of the future is that nuclear fission 
can be used to generate large amounts of electric power. The 
process already has been demonstrated on a small scale by the 
Atomic Energy Commission in an experimental plant at its 
reactor testing station in Idaho. The same reactor is being used 
to test the principle of "breeding" atomic fuel, a process by 
which nonfissionable material may be converted into fuel at 
a rate more rapid than fuel is consumed in operating the re- 
actor. Successful breeding of atomic fuel would do much to 
make electric generation economical, in commercial terms, and 
would help to overcome one of the major blocks against wide- 
spread generation of power by considerably increasing the 
amount of potentially fissionable material. 

Most thought, manpower, and materials are understandably 
being devoted currently to military applications of atomic 
energy. However, industry is attempting with A. E. C. help 
in a number of independent surveys to determine how electric- 
ity can be produced economically with nuclear reactors. The 
method under consideration is, in effect, to generate electricity 
as a byproduct of plutonium production. 

At this time, it does not appear that nuclear fission can be 
regarded as a contribution in any substantial degree to electric 
generation during at least the next 10 or 15 years, and the 
probability is that the atomic energy industry wiIl remain a 
heavy net consumer of electricity. 

ELECTRICITY IN OTHER FREE NATIONS 

The generation of electric energy in 1950 in all other free 
countries taken together amounted to almost 400 billion 
kilowatt-hours, or roughly the same as in the United States. 
With reasonably favorable developments, the rate of growth in 
consumption of electric power in these countries as a group 
should be little if any less than the growth projected for the 
United States, with the most rapid growth taking place in the 
comparatively underdeveloped countries. 

The combined fuel and hydraulic resources in the rest of the 
free world are huge, but unevenly distributed. Western Europe 
has scanty reserves of oil and gas, coal reserves that are increas- 
ingly difficult to exploit, and comparatively limited waterpower 
sites that can be economically developed. Japan and certain 
parts of South America likewise appear to have limited resources 
for electric energy generation. But Canada, much of Latin 
America, the Middle East, India, and Africa should have ample 
resources of either fuels or waterpower. 

In view of the great comparative advantages of hydroelec- 
tric generation, the fullest economic development of the free 
world's waterpower sites appears most desirable. At the pres- 
ent time, about 5 percent of the world's total supply of energy 
of all types is produced in hydroelectric plants. [7] The total 
that could be produced annually at known hydroelectric sites 
in the free world exclusive of the United States, if and when 
developed, is estimated at more than 3 trillion kw.-hr. com- 
pared to about 200 billion kw.-hr. produced in 1950. 

If plants were constructed at all of the world's hydroelectric 
sites, they would produce each year for an indefinite period as 
much electric energy as could be generated by burning 2 billion 
tons of coal per year. This is approximately the current rate of 

world coal consumption for all purposes. These estimates are, 
of course, necessarily crude and should not be regarded as repre- 
senting an appraisal of what would in fact prove economically 
feasible to develop. 

The extent to which the world's hydroelectric sites will be 
exploited in any given period will depend upon a number of 
factors. In those countries where falling water is the principal 
undeveloped energy source, development may be much earlier 
and much more complete than in countries where hydropower 
is competitive with energy from coal, oil, and natural gas. Com- 
parative costs will be extremely important. If fuels are available 
for thermal generation, hydroelectric sites will be developed 
only if they can produce power more cheaply than the thermal 
plants. In many regions, hydro and thermal generation will 
have to be developed together for the best results. In  some in- 
stances, the development of abundant waterpower sites may 
permit the export of electricity to nearby countries, or the de- 
velopment of important electro-process industries. Canada pro- 
vides an example of such possibilities. 

UNTAPPED HYDRO POTENTIAL IN CANADA 

Canada has important waterpower resources that have not 
yet been tapped. The 9.3 million kw. installed by the end of 
1950 are almost entirely in the southernmost 100-mile strip of 
that country. Estimates of Canadian hydroelectric potential 
made by the Canadian Water Resources Division place the 
total at 32 million kilowatts. Competent Canadian engineers 
believe this to be a conservative estimate, for three reasons: ( a )  . , 
it assumes no storage developments; ( b )  it allows for no diver- 
sions from one watershed to another; and ( c )  it is based on in- 
adequate streamflow records and incomplete mapping. 

All present Canadian developments are single-purpose proj- 
ects except those contemplated on the St. Lawrence River. The 
need to control floods, to improve navigation, and to provide 
for irrigation has not been a problem in Canada because its 
population is small compared with its land area. Substantial 
quantities of the undeveloped hydroelectric potential are within 
economic transmission distance of existing markets. At sites too 
distant from existing markets for economical transmission, 
metallurgical, or forest-product plants can be economically de- 
veloped to use the power. Such a site is now being developed 
in British Columbia at  Kitimat, where the Aluminum Co. of 
Canada is constructing a hydroelectric plant that will even- 
tually produce approximately 9 billion kw.-hr. per year. 

The power will be used for aluminum production and the 
manufacture of forest products, principally pulp and paper. 
Similar developments in eastern and northern Quebec may be 
possible. 

A significant part of the potential hydroelectric power devel- 
opment in Canada is on the Columbia River and its tribu- 
taries in British Columbia. This can best be developed in coop- 
eration with the United States. For example, an investigation 
is now being made of a site on the big bend of the Columbia 
River in Canada where 20 million acre-feet of water can be 
stored to increase the firm power production of installations 
downstream, principally in the United States. Only by coordi- 
nating the operations of storage reservoirs with the operations of 
downstream plants can maximum power production be real- 
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ized. The development of transmission lines for the interchange 
of power across the boundary, coupled with storage develop- 
ments, will increase the power available in both countries. 

I t  is presently doubtful that very much Canadian power will 
be available for use in the United States in view of the estab- 
lished Canadian preference for exporting refined and processed 
materials (such as petroleum products, pulp, paper, and lum- 
ber) rather than promoting exports of raw materials such as 
crude petroleum, logs, natural gas, and hydroelectric power. 

Even if Canadian hydroeIectric energy is not available for 
export as power, it would be possible for the United States to 
obtain somewhat equivalent results if it were willing to expand 
its importation of electro-process materials, such as aluminum. 

POTENTIALS IN OTHER COUNTRIES 

The Mexican hydroelectric potential is not large enough to 
promise much help to other countries, although it may be sig- 
nificant for the industrial development of Mexico. In South 
America, Brazil has a significant hydroelectric potential that, 
coupled with other Brazilian resources, could support local eco- 
nomic growth and contribute to easing the energy problems of 
other free nations if electro-process materials were produced 
for export. Peru, Argentina, Colombia, and Venezuela also 
have significant hydroelectric power potentials. 

More than 40 percent of the world's estimated potential of 
hydroelectric power is in Africa. The Belgian Congo and man- 
dates together have an estimated potential in excess of 97 mil- 
lion k ~ . ,  while the French Congo has another 37 million kw. 
Other areas, such as British East Africa, Ethiopia, Liberia, and 
Portuguese East Africa, have large hydroelectric potentials. 
Coupled with the mineral wealth of Africa, these hydroelectric 
potentials could make large contributions both to local eco- 
nomic development and to the production of electro-process 
materials for the free world. The principal prob!em involved 
is the transportation of materials to and from power sources. In 
most cases, distances appear to be too great to transmit power 
to either the raw materials or the markets. 

In Western Europe known sources of hydroelectric power 
are about 25 percent developed at the present time, though 
there is no satisfactory estimate of how much of the balance 
would be economically feasible. Further development of hydro- 
power would lessen somewhat the general economic strains in- 
duced by large imports of Middle East oil and North American 
coal. Important gains would also be made if existing and fu- 
true hydro plants, mainly in southern Europe, were integrated 
with the thermal-electric capacity of northern Europe, thereby 
reducing the cost of electric power and conserving fuel. 

Table VIII indicates the estimated size of the principal de- 
veloped and potential hydroelectric resources of the world. The 
figures of potential water power are based on minimum flow 
available for 95 percent of the time and 100 percent efficiency. 
The effect of storage has been disregarded except for con- 
structed reservoir sites, the potential power being based on the 
existing flow. The amount of developed power by countries is 
based on the installed capacity of waterpower at constructed 
plants, which averages 2 to 4 times, and may be as much as 10 
times, the potential power at low flow at the same sites. Thus 
potential power may be considerably understated, particularly 
when compared with developed power. This fact should be 
considered in comparing potential power with developed power 

and also in estimating the percentage of a nation's waterpower 
resources that is utilized. - 

- 

TABLE VII1.-Principal world sources of hydroelectric power at end of 
7950 

Region 

Hydroelectric power 
(millions of kw.1) 

Developed Potential 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  Total.. ./. 203 

Africa: 
Angola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Belgian Congo and Belgian mandate. 
British East Africa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ethiopia 
French mandate in Cameroons. . . . . . . . . . . . . . . . . . . . . . . .  
FrenchCongo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Liberia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Madagascar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nigeria and British mandate in Cameroons.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Portuguese East Africa. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Other 

Asia: 
. . . . . . . . . . . . . . . . . . . . . . .  Chinese Republic.. 
. . . . . . . . . . . . . . . . . . . . . .  French Indo China. 

. . .  India. Pakistan. and Cevlon 

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

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

Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Siam and Malay States.. 

U . S . S . R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 
97  

5 
4 

14 
37 
4 
5 

10 
4 

19  

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  Other.. .. .I 

Total. . . . . . . .  

Europe: 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Norway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U.S.S .R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Other 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Grand total. 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

North America 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Canada 
Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  United States. 
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oceania: 
Borneo, including New Guinea and Papua. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  New Zealand. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Other 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

South America: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Argentina 

Brazil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Colombia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Venezuela 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Other 

- - - - -- 

1 Source gives data in horsepower. Since this Report uses kilowatts, 
data have been converted by using factor of 0.7457. 

2 Data for Canada and the United States do not agree with data used in 
this Report because of assumptions of efficiency and because these data are 
based on minimum flow instead of average flow of streams. 

3 Data are qualified by source, viz: "The estimates of potential power for 
the United States, Canada, and most of the countries of Europe are based 
on known sites. For other countries, ~articularly Asia (except Japan), 
Africa and South America (except Brazil), the estimates are based mostly 
on rainfall and topography and therefore are not so reliable." 

SOURCE: "Developed and Potential Water Power of the World," Geolog- 
ical Survey, U. S. Department of the Interior, Washington, D. C., 1951. 
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