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LETTER OF TRANSMITTAL 

MARCH 22, 1935. ' 
The PRESIDENT, 

White House, Washington, D. O. 
SIR: We submit herewith the first report of the National Power Survey which 

has been conducted by the Federal Power Commission under the provisions of Execu· 
tive Order No. 6251 of August 19, 1933. 

The facts developed in this interim report have an important bearing not only 
upon conditions in the electric light and power industry 'but also upon the problems 
of unemployment, industrial recovery,· and national defense. This report presents 
for the first time an' analysis of the relation between the Nation's power requirements 
and the generating capacity of existing power plants. It shows by districts the short. 
ages and surpluses of power that will exist upon a resumption of normal industrial 
activity. 

This information is essential to sound planning for the future development of 
the Nation's' power resources. 

Respectfully submitted. 
FRANK R. McNINCH, 

Chairman. 
'BASIL MANLY, 

Vice Chairman. 
HERBERT J. DRANE, 

Oommissioner. 
CLAUDE L. DRAPER, 

Oommissioner. 
CLYDE L. SEAVEY, 

Oommissioner. 
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LETTER OF SUBMITTAL 

MARCH 15, 1935. 
To the FEDERAL POWER COMMISSION: 

Pursuant to the instructions of the Commission and the provisions of the Presi
dent's Executive Order authorizing the National Power Survey, there is submitted 
herewith the first of a series of reports on the Nation's power resources and power 
requirements. This is in the nature of an interim report. 

The results and summaries contained in this report, as well as the tentative con
clusions, are based largely on an analysis of the returns of 215 electric utility systems, 
comprising 391 privately owned major electric operating properties and 21 major 
municipally owned electric operating systems. The installed generating capacity of 
these 215 systems is 91 percent of the total installed generating capacity of electric 
utilities in the United States. Their output represents 93 percent of the electrical 
output of the publicly and privately owned utilities of the entire country. 

The staff of the National Power Survey takes this opportunity to express its appre
ciation of the cooperation of the municipal plants and private companies in supplying 
detailed information concerning their generating plants and transmission systems, 
characteristics of their load, and other pertinent information; also of the information 
furnished in published and unpublished form by the·Corps of Engineers, United States 
Army; the United States Geological Survey; the Bureau of Reclamation; the Depart
ment of Agriculture; the Bureau of Mines; the Bureau of the Census; and the Federal 
Emergency Administration of Public Works. 

In the conduct of the survey valuable assistance has also been received from the 
regular staff of the Federal Power Commission, particularly its Chief Engineer and Chief 
Accountant, and from the staff of the Electric Rate Survey whose field forces assisted 
in collecting returns from municipalities and companies in the field. Without the 
cooperation of all of the above, it would not have been possible to present this report. 

E,espectfully submitted. . 
THOMAS R. TATE, 

Director, National Power Survey. 
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FOREWORD 

By BASIL MANLY, Commissioner in Charge, National Power Survey 

This is a preliminary report on the results of 
the first engineering study of the electric light 
and power industry that has ever been made on 
a national scale in the United States. 

Other nations have made elaborate surveys 
of their power resources and requirements ex
tending over a period of years and involving 
large expenditures. Regional surveys have 
been made in this country and have proved 
their value both to the Government and to in
dustry. Individual utility systems have made 
detailed studies of their available resources and 
probable demands for power at an expense 
exceeding the appropriation made for this 
nation-wide survey. But hitherto no attempt 
has been made in this country, either by the 
Government or by any private agency, to 
determine from a. national standpoint the rela
tion between present and future requirements 
for electrical energy and the capacit y necessary 
to meet such demand. Nor has there been an 
appraisal of the efficiency of the generating 
plants of the major public and private utility 
systems. The water power resources of the 
country have been studied by various public 
and private agencies and a vast amount of more 
or less valuable data has been accumulated. 
But no attempt has been made on a national 
scale to evaluate these data and coordinate 
them with information regarding present and 
future markets for power. 

A Pioneer Undertaking 

The National Power Survey is, therefore, a 
pioneer undertaking. Congress had clearly 
indicated in the Federal Water Power Act of 
1920 its intention that such an inquiry should 
be made, but until the President issued his 
Executive Order of August 19, 1933, the Com
mission had neither the authority nor the funds 
to carry it out. When the work was begun not 
even a complete and accurate list of private 
utilities and municipal plants was available. 
Months had to be spent in making preliminary 
inquiries and analyzing such fragmentary in
formation as was available before sound and 
effective plans could be devised for the conduct 
of the survey. 

l1!11:!2-3;;""-:! 

Whatever valuable results the Power Survey 
has been able to accomplish may be attributed 
primarily to three principal factors: 

1. The solid foundation established in the 
early stages of the undertaking through con
ferences with the best informed public and pri
vate authorities connected with the electric 
light and power industry. 

2. Careful selection of the staff, in the course 
of which 3,000 applications for engineering 
positions and 2,000 applications for other em
ployment were reviewed, the majority being 
personally interviewed by two or more persons 
experienced in the choice of personnel. As a 
result of this careful selection from the large 
number of exceptionally qualified men rendered 
idle by the depression, the National Power 
Survey has assembled a staff that ranks high 
in technical training, practical experience and 
other qualifications. 

3. Whole-hearted cooperation of the officials 
of municipal plants and the executive officers 
of the private companies. Recognizing the 
great practical value of such a survey they 
have, almost without exception, not only com
piled and furnished the required data but in 
many cases have also made available the re
sults of special investigations which had been 
f'A>nducted for their private information. 

Its Practical Value 

The National Power Survey is not an aca
demic inquiry but a practical undertaking of 
great immediate and future value not only to 
the Government but to every branch of the 
electrical industry. "It should have been 
made 10 years ago," one of the leading en
gineering authorities of the country recently 
declared. "If it had been, the industry would 
have been saved many of its most serious 
blunders and the Government would have 
been able to plan its public-works program on 
a solid foundation of established facts." Such 
a survey of the Nation's power resources and 
power requirements is an essential factor of na
tional defense. The War Department, acutely 
realizing this fact as a. result of the critical 
shortage which occurred during the World 
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War, has sought to compile, certain essential 
information annually through the district 
offices of the Corps of Engineers. But there 
has never been available hitherto even a frac
tion of the comprehensive and accurate infor
mation that has been assembled and is now 
being analyzed by the National Power Survey. 

This Interim Report presents a birdseye 
view of certain, major aspects of the electric 
light and powef industry. It is not a micro
scopically accurate picture such as might be 
obtained if it were possible to make a thorough 
study of the conditions -in each separate dis
trict. The possible margins of error are, how
ever, small and the results are not likely to be 
materially affected by the refinements which 
will be employed in the preparation of subse
quent reports. It is significant that the results 
reached by the National Power Survey in 
estimating the demand that will exist upon the 
resumption of normal industrial activity coin
cide almost exactly with the forecasts for the 
same districts prepared by private companies 
and municipal plants for their own purposes. 

This information is of great public value not 
only in its bearing upon conditions in the 
electric light and power industry but also in 
relation to the problems of unemployment 
and industrial recovery. Much has been said 
during the past 5 years about the supposed 
surplus of electric generating capacity in the 
United States. Until quite recently this has 
been true enough if the situation was .viewed 
from the short-range standpoint qf the relation 
between existing capacity and the immediate 
demand during a period of depression. In 
recent months, however, the use of power ha.s 
been rapidly increasing until in many districtS 
the demand is nearing the limit of available 
efficient generating capacity. 

It takes 2 years to plan and construct a large 
modern steam plant and from 2 to 7 years to 
plan and build a large water-power project.
It is the part of wisdom, therefore, to determine 
at this time what new generating plants and 
transmission lines will be required. to meet the 
demands that will be created by a resumption of 
normal industrial activity and where they 
should be located to supply the demand most 
efficiently and economically. It is time also to 
take stock of the existing private and public 
plants and ascertain which of them are ineffi
cient or have become obsolete. Finally, the 

national interest requires the most accurate 
possible inventory of the Nation's undevel
oped water-power resources in their relation to 
present and future markets for power. 

Outstanding Results 

These are the principal lines of inquiry that 
have been pursued by the National Power Sur
vey during its initial stages. The first tenta
tive but significant results are presented in this 
Interim Report. They may be summarized as 
follows: 

1. The use of electricity for domestic pur
poses as well as in certain branches of industry 
has grown at such a rate during the depression 
that, upon a resumption of normal industrial 
activity, the demand for power will be at least 
4,000,000 kilowatts in excess of that which 
existed in 1929. This is equivalent to the 
capacity of some 50 large generating stations. 

2. Very little new generating capacity has 
been constructed by the privately owned utili
ties since 1930. As a. result, the capacity of 
existing plants is 2,325,000 kilowatts less than 
the demand that will exist for power upon a. 
resumption of pre-depression industrial activity, 
assuming maintenance of normal reserve capac
ity. 

3. This shortage is being rapidly accentu
ated by the obsolescence of plants which would 
have been replaced under normal conditions. 
As of January I, 1935, 56 percent of the total 
installed steam-electric capacity of the United 
States was at least 10 years old, 11 percent was 
20 years old or older, and about 1 percent at 
least 30 years old. Inefficient and obsolete 
plants with a capacity of at least 2,000,000 
kilowatts should be scrapped and replaced 
within the near future. 

4. Analysis by districts of the relation be
tween the capacity of existing plants and the 
demand that will be created with the resump
tion of normal industrial activity shows that 
critical shortages will exist in almost every sec": 
tion of the United States. The only regions in 
which substantial sUrpluses of capacity now 
exist to meet normal demand are Florida, part 
of Michigan, an area along the lower Missis
sippi, North Dakota, Idaho, Utah, and New 
Mexico and parts of Texas, Minnesota, Mon
tana, Washington, and Oregon. 

5. Government plants provided for or under 
construction will meet these shortages in cer-
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tain limited areas. Only one major private 
power development and one major municipal 
plant are now under construction. Many of 
the regions where the greatest power markets 
now exist and where the shortage will be most 
acute when industrial activity is renewed do 
not have projects under construction at the 
present time sufficient to carry the loads that 
will develop upon resumption of normal in
dustrial activity. 

6. In view of the time required to plan and 
construct large generating plants, whether 
hydro or steam, early construction of new 
plants with an aggregate capacity of between 
3,000,000 and 4,000,000 kilowatts is impera
tive. This would involve capital expenditures 
of at least $300,000,000. 

7. The critical shortage of existing generat
ing capacity most seriously affects the great 
industrial districts of the East and Middle 
West. It would, therefore, be disastrous in case 
the United States should become involved in 
war. The situation might be eve,n more ·acute 
than that which existed during the World 
War when, in many districts, electric service 
had to be denied to domestic and commercial 
customers and nonessential industries to meet 
war needs for power. 

8. Careful planning under Federal super
vision of new power plants and facilities for 
transmission is required to promote the safety 
and welfare of the Nation. Selection of sites 
for hydro or steam plants, to be developed 
either by public or private agencies, should 
take into consideration not only the pertinent 
engineering and economic factors but also 
essential considerations of broad national 
policy. 

A Chart for the Future 

Control of power is a social as well as an 
engineering and economic problem. If the 
flow of electricity should suddenly cease, it 
would be a national catastrophe of unimagin-

able magnitude. Our homes, streets, and 
highways would be in darkness. Street cars, 
subways, elevators, and conveyors wou1d 
suddenly stop and even railroad transporta
tion would ~e impossible at night without 
electric signals. Radios would cease to func
tion and the ships on the high seas would be 
immediately endangered. Factories would be 
forced to shut down, modem bakeries would 
cease to produce bread, the water supply of 
cities would be interrupted by the failure of 
the electric pumps and perishable food would 
rapidly deteriorate for lack of refrigeration. 
There would be no fire alarm, no burglar alarm, • 
no telegraph, no telephone, and few newspapers. 
Electric light and power has come to be almost 
as essential an element in our daily lives as 
the bread we eat and the water we drink. 
Modem civilization would collapse with the 
failure of the sources of electric light and 
power. 

The national safety and welfare, the pro
ductivity of our industries and the comfort 
and convenience of our homes are thus depend
ent upon the maintenance at all times· of an 
abundance of electricity available at rates 
which will permit its use wherever it is needed. 
We must, therefore, not only provide for our 
immediate requirements but we must also 
plan for continued improvement and expansion 
of the Nation's electrical systems to meet the 
demand that may be reasonably anticipated 
for the future. 

Complete engineering knowledge of the 
existing electric industry, our probable future 
requirements for power and our available 
resources are necessary to sound planning 
either by the Government or private industry. 
The National Power Survey has been con
ducted with a view to supplying this essential 
information. It is in this spirit of fact-finding, 
rather than of prophesy, that this, its first 
report, is presented. It is, in effect, a chart 
for the future development of the electrical 
resources of the United States. 



INTRODUCTION 

Authority 

The President of the United States by Execu
tive Order No. 6251, dated August 19, 1933, 
authorized and directed the Federal Power 
Commission to make-

A survey of the water resources of the United States 
as they relate to the conservation, development, con
trol, and utilization of water power; of the relation of 
water power to other industries and to interstate and 
foreign commerce; and of the transmission of electrical 
energy in the United States and its distribution to con
sumers; and on the basis of this survey * * * for
mulate a program of public works. 

It is under this authority that the National 
Power Survey is being carried on by the 
Federal Power Commission. 

Scope of Survey 

One of the primary objectives of the Survey 
as specifically stated in the Executive Order of 
President Roosevelt is to formulate a program 
of public works. This calls not only for a sur
vey of water resources as they relate to the con
servation, development, control, and utiliza
tion of water power, but to be of practical value 
must of necessity include a determination of the 
power requirements of the country and a study 
of the economic relation between water power 
and power from fuel plants. This is necessary 
in order that a correct answer can be made to 
the following questions: 

1. What are the present and future power require
ments of the continental United States? 

2. From what sources can these power requirements 
be supplied most economically and efficiently in the 
public interest? 

The Survey is collecting facts and figures 
from all available sources, including published 
and unpublished data, and is making original 
investigations and studies of the following 
major subjects: 

1. The water-power resources, both devel
oped and potential. 

2. The relation of the power resources to 
interstate and foreign commerce, particularly as 
it is related to the interstate and international 
transfer of electrical energy and the electrifica
tion of certain main-trunk-line railroads. 

3. The existing development and utilization 
of. electric power in the United States, the ex
tent of the existing market, and the potential 
growth of market to be expected. 

. 4. The adequacy of existing facilities and 
those under construction to meet the present 
and future power"l'equirements. 

5. The possibility of increased utilization of 
existing facilities through more extensive and 
coordinated interchange of power. 

6. The transmission and distribution of elec
trical energy. 

7. The approximate amount of additional 
facilities necessary to meet power demands and 
a determination of the type of projects, whether 
fuel or water power, best suited to meet the 
requirements. 

The determination of market requirements 
necessitated special studies of increased domes
tic use of electrical energy, rural electrification, 
potential railroad electrification, and use of 
electric power in industries, including the 
electrochemical and electrometallurgical fields. 

The cost of distribution of electrical energy 
to domestic and commercial light and power 
customers is being studied under authority of 
Senate Resolution No. 80, Seventy-third Con
gress, first session, and a separate report will be 
submitted at a later date. 

Organization and Procedure 

Upon receipt of the Executive Order, Com
.missioner Basil Manly, vice chairman of the 
Federal Power Commission, was designated 
commissioner in charge of the National Power 
Survey. Thereafter the staff to carry out the 
Survey was employed and organized. The 
heads of the staff included Mr. Thomas R. 
Tate, director, an engineer with extensive 
practical experience, formerly chief engineer of 
one of the leading consulting engineering firms 
and generally familiar with the power prob
lems in every section of the country east of the 
Rocky Mountains. Prior to his employment 
on the Survey he had been chief valuation engi
neer of the Public Utilities Commission of the 
District of Columbia and was also associated 
with the ~ederal Emergency Administration 
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2 FEDERAL POWER COMMISSION 

of Public Works. Mr. Lester S. Ready was 
employed as chief consulting engineer. He 
was formerly chief engineer of the California 
Railroad Commission, and for a number of 
years has been engaged in consulting practice 
for State and municipal agencies on the Pacific 
coast. Heads of divisions included Mr. Percy 
H. Thomas, chief of the Power Requirements 
Division, a cons,.ulting engineer of proved ex
perience in eleclrical matters; Mr. Erich A. 
Mees, chief of the Power Resources Division, a 
consulting engineer who has had much experi
ence in design and construction of water and 
fuel power developments; Dr. Fayette S. 
Warner, chief of the Research Division, a 
former member of the industrial research 
department and professor of political science at 
the University of Pennsylvania, and an engi
neer with practical consulting experience; Mr. 
George H. Morse, chief of the Distribution 
Cost Division, who has specialized for some 
years on t1;te problem of the cost of distribution 
of electricity, and Mr. Robert H. Barclay, 
chief of the Reviewing and Tabulating Section, 
an electrical engineer with extensive experience 
with consulting and construction organizations 
on power and industrial projects. A staff of 
engineers and assistants, chosen for their 
special qualifications, have been employed to 
assist in the collection and study of data. In 
work of this highly . technical character, the 
education and practical experience of the staff 
is of vital importance. There is included in 
appendix A, therefore, a roster of all the staff 
members with data indicating their general and 
special qualifications. 

Because of the magnitude and extent of the 
survey, it was apparent that much of the infor
mation required regarding present utility devel
opment and the power market must be obtained 
from the various electric utilities through de
tailed questionnaires and personal investiga
tions and visits to the larger systems ; also, that 
much of the data regarding power resources 
would of necessity be obtained from the various 
Federal and State agencies. With this in mind 
preliminary conferences were held with other 
Federal agencies, including the Corps of Engi
neers, United States Army; the United States 
Geological Survey; the Forest Service of the 
United States Department of Agriculture; the 
United States Bureau of Reclamation; the 
Bureau of Mines; and others; to determine the 

extent and source of data and to arrange for 
obtaining all information available and the 
cooperation of all Federal agencies. 

The Commission also invited a number of 
the leading representatives of both public and 
privately owned utilities to participate in the 
preliminary conferences on ways and means of 
making this survey. The first of these con
ferences was held on April 18 and 19, 1934, with 
Commissioner Basil Manly as chairman. To 
it were invited those who had been identified 
with or interested in public ownership of elec
tr;ic utilities. Those present included managers 
9f the larger municipal utilities, consulting engi
neers for many of the smaller municipal utili
,ties, and representatives of the National Munic
ipal Utilities Association, together with repre
sentatives of the Tennessee Valley Authority 
and the Mississippi Valley Committee. The 
second preliminary conference took place on 
April 25 and 26, 1934, those present represent
ing almost exclusively officials occupying prom
inent positions in the privately managed utility 
companies. Commissioner Frank R. McNinch, 
chairman of the Federal Power Commission, 
and his associates were present at this confer
ence, together with the director of the National 
Power Survey and chief consulting engineer 
and division heads. 

The scope of both the power survey and the 
concurrent related survey of electric rates was 
outlined and discussed and the tentative out
line of questionnaires submitted and considered. 
Valuable suggestions were obtained from the 
various municipal and private utility repre
sentatives and those present gave assurance of 
the wholehearted cooperation of the various 
interests in supplying data, thus making pos
sible as adequate a survey as could be made 
within the limitation of funds and time 
available. 

Following the conferences, an exhaustive 
report form dealing with the power phases of 
the electric utilities was prepared. This called 
for data from all operating electric utilities 
dealing with the installed capacity, output, and 
operating characteristics of each power plant, 
the total power production, the annual quan
tity of electricity purchased and sold by each 
company for the last 7 years, details and char
acteristics of the system load, the load on 
generating plants and. interchange with other 
systems, operating costs of power plants. and 
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other statistics required for making a complete 
and adequate analysis of the company's power 
operation and in determining the distribution 
and growth of the power market; These report 
forms were mailed to all private and municipal 
electric utilities in August and September 1934. 
Prior to the mailing of the report blanks, the 
engineers of the National Power Survey staff 
called on all of the major private and municipal 
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gently on the power problems of the country 
would necessitate the division of the continental 
United States into a limited number of zones. 
Although many statistics are given by States 
and can be so compiled, the present develop
ment of the electric-power industry, with the 
extended transmission systems crossing State 
lines in many instances, made it advisable to 
include several States in each zone. 

FEDERAL POWER COMMISSION 

POWER ZONES OF THE U. S. 
DESIGNATED BY THE 

NATIONAL POWER SURVEY 
9 4 . 

FlOllIllO: 1.-Power zones of the United Stetes. 

electric utilities to explain the forms to be used 
both by the National Power Survey and the 
Electric Rate Survey. Upon the mailing of 
the report forms the field staff agents and re
gional supervisors of the Electric Rate Survey, 
which had then opened up local offices in several 
regions throughout the country, followed up 
inquiries made of private and municipal electric 
utilities by both surveys and visited practically 
every electric utility in the United States, 
advising and ass~ting them in preparing the 
returns. 

In the planning of the survey it developed 
early that to study, analyze, and report intelli-

Seven major zones were determined upon as 
shown in figure 1 (Power zones of the United 
States). With two exceptions the zone bound
aries follow State lines. Three of the zones 
. were further divided into subzones. An exam
ination of the transmission map, figure 3, will 
indicate generally the considerations which· 
influenced the determination of the zone 
boundaries. 

Information and data on potential power 
resources were secured through field trips by 
members of the staff and through the coopera
tion which made available from the various 
Federal agencies in Washington reports and 
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data covering hitherto completed surveys of 
undeveloped water-power sites in the United 
States. Engineers of the National Power Sur
vey staff were sent to confer with the State 
engineers and public-utility commissions of the 
various States, also with· the local offices of the 
United States Army Engineers, of the Reclama
tion Service, and of the United States Geologi
cal Survey. Many private reports on prospec
tive power dev~lopments by utilities and by 
consulting firms were also secured in these field 
investigations. As a result the National Power 
Survey possesses today the most complete and 
comprehensive information on undeveloped and 
existing water-power developments in the 
United States that has ever been collected. 
The cataloging and evaluation of these sites is 
in process, and the preliminary discussion of 
them in this report will be supplemented by 
further studies which will be made available in 
a subsequent report. 

Special questionnaires were sent to the major 
electrochemical and electrometallurgical indus-

tries and to the other major industries and in 
connection with these surveys contacts were 
made and extensive data obtained by the staff 
representatives in the field. 

Report forms were sent to private electric 
utilities and municipal electric utilities. All 
the larger utilities, both private and municipal, 
have reported, and it is reasonable to conclude 
that over 99 percent of the total production of 
electrical energy by utilities in the United 
States is covered by the reports received. 
. The thoroughness with which this work was 

done together with the high percentage of re
turns and the carefulness with which the forms 
were prepared gives the Federal Power Com
Inission the most complete and accurate infor
mation concerning the power producing and 
transmission facilities,loads and load character
istics of the electric utility business that could 
possibly be secured without making individual 
field investigations of every electric utility plant 
and system ~ the continental United States. 



I. DEVELOPMENT OF ELECTRIC POWER IN THE UNITED STATES 

Early History 

Less than 53 years ago the electric industry 
in this country was born. From its very small 
beginnings in New York City it has grown in 
this period into a great industry which pene
trates into every corner of the social and 
economic life of the country. Few industries, 

First steam-eleetrlc eentralstatlon, Pearl Street, New York, N. Y.,l882. 

affecting the welfare of the people to the 
extent that this one does, have had such a rapid 
growth. Present conditions reflect this. The 
kaleidoscopic pattern of public and private 
ownership of power systems and of Federal 
power development has been determined not 
only by the method, but also by the very speed 
with which the industry had to grow to satisfy 
the ever-pressing need for more power. It is 
the product of many forces and numerous indi
viduals working without plan or coordination 
to supply electrical energy over a vast area. 

Operation of the first Edison central station 
distribution system was begun in New York 
City on September 4, 1882, the prime movers 
being steam engines. A few· days later the 
second Edison station began operating at 
Appleton, Wis., the electric generator in this 
case being driven by water power. These two 
plants were the nucleus of the electric power 
industry which now has a total generating 
capacity of 45,000,000 horsepower. The two 
methods of power production, by falling water 
and' by steam, represented in these primitive 
plants, have continu~d to be the principal 

119122-1~ 

methods used in the production of electrical 
energy, the development in different regions 
being determined by the relative availability of 
the natural resources of water power,or fuel. 

In its first decade the industry was relatively 
small; generating plants averaging not more 
than 200 to 300 kilowatts in capacity with a 
maximum not exceeding 600 kilowatts. The 
distribution area served by one plant was re
stricted by the then limited knowledge and 
ability to transmit power, and seldom exceeded 
one square mile. The large cities were served 
by several groups of isolated power systems 
from small steam stations, and each small town 
or village enterprising enough to desire electric 

Edison generator, 1882. 

service had its own plant. As the ability to 
transmit power over greater distances in
creased, the separate distributing systems in 
the large cities gradually grew together, were 
interconnected, and the areas formerly sup
plied by separate generating stations then 
received their supply from substations to 
which the energy was transmitted from larger 

15 
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stations. Continuance of this growth in me'; 
ropolitan areas and the development of trans
mission networks serving many small com
munities from one or more principal central 
generating stations has produced· the great 
regional power systems of today. In those 
areas where water-power developments were 
predominant, the extension of transmission 
lines· proceeded much faster than it did in the 
fuel-producing .keas, because the water power 
had to be brought to the load from long dis
tances whereas it was more economical to 
locate steam plants at or near the load center. 
This has brought about such a centralization 
of power production that approximately 73 
percent of the energy generated for public use 
in the United States is now being produced in 

3,600 privately and publicly owned electric 
generating systems supplying the public. By 
1917 they had grown in number to 6,500 .. The 
period of mergers and consolidations which 
followed the World War reversed this trend so 
that today there· are approximately 1,600 
privately owned and 1,900 municipally owned 
electric utilities operating in this country. 

Technical Advances 

To keep pace with the rapid expansion of the 
industry, new t~chnical developments in the art 
'of producing and transmitting power appeared 
with almost bewildering rapidity. The steam 
turbine was introduced as a new type of prime 

Exterior and interior views or tbe 6rst bydroelectrlc development, Appleton, Wls., 1882. 

only 222 generating plants. The location of 
these plants is shown on figure 2. (Location of 
electric generating plants in the United States 
with annual outputs of over 100 million kilo
watt-hours). 

In the early part of the twentieth century 
the then infant industry became conscious of 
the fact that its usefulness extended not only. 
into the home for lighting but into commercial 
and industrial activities as well. Alternating 
current motors were coming into general use. 
The industries of the country were expanding 
rapidly and there was a continually greater 
demand for more power to run the mills and 
factories. Attracted by 'the opportunity. to 
supply this demand, the power industry also 
expanded its activity; companies and genera'; 
ing plants increased in number and power· out
puts grew. In 1902 there were approximately 

mover. From 5,000-kilowatt capacity in the 
first"" all-turbine steam-generating -plant, in
stalled in 1905, the size of generating units has 
increased rapidly, so that today units of 50,000-
and 75,000-kilowatt capacity are not uncom
mon. The city of New York alone is partly 
served from 5 units of 160,000 kilowatts of 
capacity each. The State-Line plant in the 
Chicago district has a unit of 200,000 kilowatts 
effective capacity. Over-all efficiencies of 
steam plants were greatly improved. The 
average fuel consumption per unit of electricity 
produced has been reduced from 3 pounds per 
kilowatt-hour in 1920 to 1:45 pounds per kilo
wat';hour in 1934, an increase in over-all 
efficiency of over 100 percent. Improvements 
in th~ efficiency of water-power generating 
units, while not so spectacular as those in the 
steam-power field, were also made. Larger and 
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more efficient water-power plants have been 
built. 

The Diesel oil engine was introduced in this 
country'in 1898. Its progress in the field -of 
power production has been slow, but· it has 
certain recognized advantages which are rapidly 
overcoming early prejudices against it. As of 
January 1, 1934, the installed capacity in Diesel 
or other internal-oombustion engine plants gen
erating electricity for public use waS approxi
mately 500,000 kilowatts. Of this total about 
280,000 kilowatts were installed in municipally 
owned plants. It is estimated that about 5,000 
kilowatts of additional internal-oombustion en
gine capacity were installed in municipal plants 
during 1934. Additions of this type of e.<Iuip
ment to privately owned systems during the· 
same year were negligible. The data in this 
report, however, reflect little of the installed 
oil-engine capacity. In the 215 major power 
systems to which this report has been limited, 
the economic merit of the oil engine is not so 
apparent as it is in smaller systems. 

Transmission Developments 

At the same time developments in the art of 
transmitting power have permitted the exten
sion of transmission lines for the serving of large 
areas from central electric-generating stations. 
The map, figure 3 (Principal generating plants 
and electric transmission lines of the United 
States, 1934), shows the extent and location of 
the major power developments and transmis
sion systems as they exist at the present time 
in the United States. This, the first official map 
of the industry published in the United States, 
has been prepared by the National Power 
Survey on the basis of up-to-date maps and 
data furnished by the reporting power systems. 
This map shows every power plant of 15,000-
kilowatt capacity and over, and in addition 
indicates smaller plants where they form an 
important part of the major transmissiQn net
work. Water and fuel power plants are dis
tinguished by separate symbols, with special 
designations to indicate municipally owned 
plants, Federal projects, water-power plants 
licensed by the Federal Power Commission, and 
Federal and municipal projects now under 
construction. 

The transmission lines shown are limited to 
those of 60,000 volts and over with the excep
tion of certain areas, mainly in the upper 
reaches of the Mississippi Valley, where lower 
voltage lines have been sho~ as part of certain 
interconnected systems. 

This map shows that the high state of de
velopment of the country's electric power net
works is confined largely to the great industrial 
districts east of the Mississippi River and to the 
Pacific coast. It is particularly apparent in the 
areas depending mainly upon water power 
souces for power, such as the South Atlantic 
States, the New England States, and in the inter
connected system of combined steam plants and 
water power plants in eastern Pennsylvania. In 
zone2 in the Middle West, which depends largely 
upon fuel sources of power, interconnected lines 
extend from the Great Lakes in the Buffalo and 
Niagara Falls region through Indiana and Ohio 
and through West Virginia to the southeast. 
This area although interconnected is not closely 
integrated. It consists of several operating sys
tems which rely upon each other to a certain 
extent for emergency supply, for interchange of 
capacity and :inaint~nance of frequency, but are 
not operated closely as a coordinated system. 

Little major transmission has been developed 
in the central part of zone 4, the mountain 
and plain States, particularly western North 
and South Dakota, western Nebraska, Wyo
ming, arid the western half of zone 5, New Mex
ico. Throughout these parts of zones 4 and 5 
the population density is relatively low, com
mUnities are small and- scattered, so that up to 
the present time long interconnecting trans
mission lines have not been justified and many 
isolated plants of smaller size than those shown 
on the map, are found. However, there are 
many minor. transmission lines of voltages 
below 60,000 in this territory, which will be 
shown on transmission maps of each zone ac
companying a subsequent report. 

. Outstanding Transmission Lines 

A few of the outstanding transmission-line 
developments are: 

1. The 285,000-volt double tower lines of the 
city of Los Angeles, from Boulder Canyon to 
Los Angeles, now under construction. -
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CAPACITY 
OF 

ELECTRIC GENERATING STATIONS 
OF ~~HH++HH~ 

PUBUC UTILITIES 

FlOURS f.-Installed capacity of elect rio generating stations of publio 
utilities In the Uulted States by years, 1889-19M. 

2. The Big Creek lines, also feedin~ Los 
Angeles, about 240 miles long and operatmg at 
220,000 volts. 

water-power development on the Susque
hanna River and the Wallenpauyack develop
ment in the Delaware River BasIn. 

5. The 220,000-volt lines of the New Eng
land Power Co. from its Comerford (Fifteen 
Mile FaIIs) water-power plant on the Connecti
cut River in northern New England to the 
outskirts of Boston. 

Present Installation 

The United States Geological Survey reports 
,as of December 1, 1934, a total of approxi
mately 33,800,000 kilowatts o( generating ca
pacity installed in private and municipal elec
tric utility plants in the United States. Of this 
total approximately 2,000,000 kilowatts are 
installed in municipal plants. An additional 
2,000,000 kilowatts are installed in plants of 
electric railways, Federal and other public 
works, and industries engaged in supplying 
public service. See figure 4 (Installed ca
pacity of electric generating stations in the 
United States, 1889-1934). 

Size of Power Systems 

The size of individual electric power systems 
varies from plants owned by an individual, 
serving ten to a dozen customers and supplying a 
few thousand kilowatt-hours per year, to systems 
serving over 2,000,000 customers: Twenty-two 

TABLE I.-Installed capacity in major prillate, municipal, and pubZic district eZectric utility power pZants in the 
United States, 191'14 

[Data taken from repo,fts of 215 systems] 

Zone Region 

1 Northeast •••••••••••••.•••••••••••••.•.•••.••••••••••••••••••••••• 
2 Middle WesL ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3 Southeast ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
4 Mouutaln end Plain •••••••••••••••••••••••••••••••••••••••••••••• 
6 Bouthwest. •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
8 Psoillo Northwest ••••••••••••••••••••••••••••••••••••••••••••••••• 
7 PaoiIIo Southwest •••••••••••••••••••••••••••••••••••••••••.••••••• 

Total. Uulted States •••••••••••••••••••••••••••••••••••••••• 

3. The 220,OOO-volt lines of the Paciflc Gas 
'& Electric Co. extending from the Pit River 
development in northern California to San 
Francisco Bay and southward to Fresno. 

4. The 220,OOO-volt network interconnect
ing the great industrial districts of Philadelphia, 
northern New Jersey, and the anthracite min
ing fields and connecting with the Conowingo 

Hydroelectrlo plents Fuel electric plants Total electric plants 

Percent Percent Percent Percent 
KIlowatts Of~:t.!:d of zone Kilowatts O~Ya~d Kilowatts o~y"~ed 

total totaJ totaJ totaJ 

I • , Ii I 8 

2,412, 000 26.9 23.1 8,036,000 35.5 10,«7,000 33.0 
1,037,000 11.6 10.2 9,153,000 40.6 10,190,000 32. 2 
2, 366,000 26.2 66.2 1,821,000 8.1 4, 176, 000 13.2 

345,000 8.8 34.9 M4,000 2.9 988,000 3.2 
93,000 1.0 6.1 1,428,000 6.3 1,520,000 4.8 

1,068,000 11.9 74.4 368,000 1.6 1,437,000 4.6 
1,675,000 • 18. 7 59.8 1,153,000 6.1 2,829,000 9.0 

8,985,000 100.0 28.4 22,603,000 100.0 31,586, 000 100.0 

systems each produced over 1 billion kilowatt
hours in 1933. The largest system, consisting 
of several operating companies, is the Niagara 
Hudson Power Corporation of New York with 
a production for 1933 of slightly over 5 billion 
kilowatt-hours. The system serving the largest 
number of customers is the Consolidated Gas 
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Co. of New York. Individual plants vary from 
a few kilowatts to 770,000 kilowatts in capacity. 

Power Systems Included in Report 

For the purpose of this mterim report analy
sis has been limited to the large privately and 
municipally owned utilities. This group in
cludes 194 privately owned systems, compris
ing 391 operating companies, and 21 municipal 
systems, a total of 215 systems, each with an 
output of 25 million kilowatt-hours a year or 
greater. These systems-in the aggregate pro
duce and handle over 93 percent of the total 
electrical energy reported by the United States 
Geological Survey as gllnerated and distributed 
for public use in 1933 in the United States (ex
cluding generation by electric railways and 
railroads). The remaining systems, approxi-

mately 3,100 in number, both private and 
municipal, mainly small municipalities, dis
tributing purchased power or operating isolated 
plants serving small communities, supply the 
balance of approximately 7 percent of the total. 

Analysis of the reports (tables 1 and 2) of the 
215 private and municipal systems above 
referred to shows a:total installed capacity as 
of June 30,1934, of'31,600,OOO kilowatts and a 
production for 1933 of 76.9 billion kilowatt
hours. This is 91 percent of the capacity and 
93 percent of the production of all plants re
ported by the United States Geological Survey 
as being engaged in the generation of electrical 
energy for public use (excluding generation by 
electric railways and railroads). The addi
tion of the data for the smaller private com
panies and municipal plants would not, there-' 
fore, materially affect the findings of this 
interim· report. 

TABLE 2.-Annual production 0/ electricity by major private, municipal, and public district electric utility plant8 
in the United State8, 1989-89 

[Data taken from reports of 216 sYStems) 

19211 1930 1931 1932 1933 

Zon, Region Type of prime mover Thou- Per- Thou- Per- Thou- P .... Thou- Per- Thou- Per-
eand cent of eand cent of eand cent of eand cent of eand centot 

klowatt- United kilowatt- United kUowatt- United kilowatt- United kilowatt· United 
hOUlS 8tatea hOUlS 8tatea hOUlS Btatea hOUlS 8tatea hOUlS Btatea 

total total total total total 

1- --
I Northeast •• _ ••••••••••• _ •••• Hydro.. .••••••••.••••• 8, 796,080 8. 390, 311 8,443,586 9,813,~ 10,120,853 

Steam ..••.•••••••.•.. 17,667,~ 18, 100, 66li 17,541,394 14, 486, 498 14, 682,012 
Internal combustion. 1,361 2,379 2,335 2,367 

Total •••••••••• 26, 463, 253 80,3 26,492. 23 80.8 25,987,359 31,6 24,302,340 32.4 24, 805, 252 ~ 
I Middle Weel ••••.•.•.•••. __ • Hydro •• _ •••••••••••• 3,611,415 ~~~~~ 2,903,032 3,334,498 3,218,066 

8taam .•.•••••••...••• 27,1~:~ 25,171,763 21,4~~ 22,462,412 
Internal combustion. l6, 507 24,25 23,462 

Total •..•••••.. 8O,667,26C 3U 29,869,66li 34.8 28,099,05 34.1 24,836,846 33. 25,703,940 33.4 

a 80utheeel •••••••••••.••••••• Hydro ••••••.•.•••••• 8,830,733 5,780,329 5,749,126 6,130,019 6,243,838 
8team ••..•.••.•.•••.. 1,900,150 2, 345, 203 2, 273, 97 1,459,821 1,695, 541 
Internal comhustion. 27,175 80,696 80,595 14, 921 11,467 

Total .••••••••• 8, 758,05! 10.0 8, 156, 428 9.5 8,053, 69! 9.8 7,604,761 10. 7,950,846 10.4 

• MonntalD and Plain ••••••.• Hydro •••• _ ••••• _ ••• 1,788,010 t:~:~~ 1,108,854 780,134 1,065,794 
8taam .••..••..••••••• 1,585,429 1,612,606 1,475,377 1,470,893 
Internal combustlon. 18,784 25,923 21,99 19,476 19,450 

Total ••••• __ ••• 3,392,223 3.9 3,186, 139 3. 2,743,45 3.3 2,274, 98 3. 0 2, 555, 137 3.3 

a 8outbweel •• _ ••• __ ...•.•••.• Hydro ••••••••••••••• 66,805 57,757 62,578 3,~~ 156,040 
8taam .•••.•••••••.••. 4, 348,009 4,484, 808 4, 127, 798 3, 654, 974 
Internal combustion. 99,729 66,807 32,17 19,685 16,399 

Total •••••••••• 4,514, 543 6. 4,588,87 6.3 4, 222, 553 6. 1 3,762,040 6.0 3,836,413 6.0 

• Pacific Norlbweet •••••• __ ••• Hydro •••••••• _ •••••• 3,472,967 3,~&~ 3,669,855 3,651,100 3,523,456 
Ste&m .•••.••• _ •.••• 765,398 613,803 l55,552 165,010 
Internal combustion. 3! 6 ---------- --- .... _---- ----------

Total •• __ •••••• 4, 238,401 4.9 4, 355, 771 6.1 4,203, 858 6.1 3, 708,65.2 4.9 3, 688,41M 4.8 

7 Pacillc 80uthweet._ ••••••••• Hydro_._ •••••••••••• 6,713,394 7,157;!: 5,404,606 '7,385,925 7,287,49 
Steam.. •••••••••••••• 2, 547'm 2, 166, 3,727,~ 1,023,57 1,054, 516 
Internal combustlon. 3 20 203 

Total •••••••• _. 9,261,27g 10.1 9,326,741 10.1 9,132, 69 11,1 8,409,709 11,1 8, 342, 211 10.9 

Total. United 8tatea_ •••• __ • Hydro._ ••••••••••••• ~l'I~:~ =::~t~ 27,361,637 ~~,139,8~! 31, 615, 539 
8taam •••••••••••••••. 66,960, 54,~~:~ 43,673,251 45, 195, 358 
Internal combustlOD. 165, 979 140, 90 84,188 71,368 

Grand total ___ • 187.295,011 100.( 85,976, 76< l00.C 82,"2.w. 100.( 7,,897,331 100.( 76,882,261 100.0 



II. POWER REQUIREMENTS UPON RESUMPTION OF PRE-DEPRESSION INDUSTRIAL 
ACTIVITY 

Need for Estimates of the Present and 
Expected Power Loads 

The last 2 years (1933 and 1934) have wit
nessed a rapid recovery in the use of electricity 
supplied by electric power systems. Although 
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pre-depression industrial activity and purchas
ing power have not yet been reached, indica
tions are that these may occur fairly soon, 
carrying with them increased demands for elec
tricity. In the last 4 years very little new 
generating capacity has been added to the 
existing capacity. Advances in steam power';' 
plant efficiency have been made rendering the 
older and less efficient plants obsolete. Shifts 
in location and extent of demand are apparent. 

It is important, therefore, that a reasonably. 
accurate determination be made of the ade
quacy of present facilities and those under 
construction to meet the needs that will exist 
upon the resumption of pre-depression activity. 
Such determination is also important in order 
that the groundwork may be laid for the for
mulation of a sound national power policy 
before a rapid expansion of facilities is begun 
to meet pressing needs. This is the aim of the 
interim report. 

In this report no attempt has been made to 
estimate power requirements for a specific date 
in the future. Effort has been directed solely 
to the. preparation of an estimate of the de
mand for power in the various sections of the 
country upon the resumption of a rate of indus
trial activity comparable to that experienced 
previous to the depression. Since this esti
mate indicates an increase of approximately 20 
percent over the previous maximum, the con
struction of additional facilities to meet this 
demand constitutes an immediate problem. 

It is not possible in a short time to select the 
location for a new power project; solve the many 
complex problems of type and size of plant 
necessary to supply most economically the 
growing power requirements of an area; to 
design such a plant and to build it. Such a 
task from inception to completion is a matter of 
years; for a large steam development it may 
require at least 2 years, and for a water-power 
development 3 years or more. 

Expected Growth in Power Requirements 

During 1934 power requirements showed· a 
rapid increase in almost every section of the 
country. Power generated during January 
1935w8.S 10 percent in excess of that for the 

11 
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previous January and was approximately equal 
to the amount generated during January 1929. 
If the persistent growth in demand for power 
experienced during the past 2 years continues 
during this current year, power generation for 
1935.will exceed 1929 and establish a new all
time record. 

The curves set forth in figure 5 (Indexes of 
electric-energy \generation, industrial produc
tion, and factory pay rolls, 1929-34) show 
monthly indexes of electric generation, indus
trial production, and factory pay rolls. The 
indexes have been reduced to the average of 
1929 as 100 percent.. Data for curves of indus
trial production and factory pay rolls were 
obtained from the publications of the Federal 
Reserve Bank of New York. Data for the 
curve on electrical generation were obtained 
from the reports of the United States Geologi
cal Survey. Through the scattered points rep
resenting monthly figures a smooth line has 
been drawn showing the trend based on yearly 
averages. The average index of electric gen" 
eration has not fallen appreciably below 85 
percent of the 1929 averages. This low point 
was reached in 1932, and since that year there 
has been a gradual increase in output so that 
the index at the end of 1934 had approached 
very close to the 1929 figure. 

On the other hand, the average index of in
dustrial production fell in 1932 to a low point 
of 55 percent of the 1929 average. Since then 
it has evidenced a very remarkable recovery, 
but it still remains 25 percent below the level 

tion of electric energy, suffered a reduction in 
1932 to 40 percent of 1929, and, although it has 
increased materially, it still remains 35 percent 
below the previous high. 

These curves are of great significance in the 
consideration of the· power requirements for 
which provision must be made in the immediate 
future. It is apparent that as the indexes of 
industrial production and pay rolls approach 
the previous high level, the index of electric 
generation pursuing a parallel tendency up
ward must pierce the previous level, which it is 
now approaching, and extend itself considerably 
,above it. Therefore, upon resumption of pre
depression industrial activity and national 
spending, demand for power will be not only 
that of the maximum pre-depression year but 
much greater. 

Basis of Estimates 

To establish quantitatively the amount by 
which power requirements will exceed the 
previous maximum, special investigations have 
been made of residential power consumption, 
rural electrification, commercial and industrial 
uses of power, additional and new uses for power 
in electrochemical and electrometallurgical 
processes, and the requirements of railroad 
electrification. • . 

The power sales by: major classes of service 
were determined from reports submitted by 
each of the 215 major companies. The total 
power sold and the separate maximum demands 

TABLE 3.-Annual consumption oj electricity in the United States, 1ge9--SS, by Clas8es.oJ CU8tomeT8 . 
[Data taken from reports of 216 systema. Thoosand kilowatt.hours] 

1929 

Farm ____________________________________________________ --------- 1,503,000 Residential and domestio _________________________________________ 7,957,000 
5mBllllght and power ___________________ .----------------,-------- 10,636,000 Large light and power ___ • ________________________________________ 40,255,000 Munlclpalstreet IIghtlng __________________________________________ 1,556,000 
Munlclpallight and power ________________________________________ 1,443,000 Street railway and Interurban rBllway _____________________________ 4,833,000 
Electrlfted steam r8Ilroad __________________ ----------- -- ---------- 620,000 MlscellaneoWL ___________ • ________________________________________ 

2, 730,000 
Total _______________________________________________________ 

71,433,000 

of 1929. The index of factory pay rolls, used 
as one evidence of national spending power and 
a measure of the ability of domestic and com
mercial customers to increase their consump-

1930 1931 1932 

1,666,000 1,787,000 1,448,000 
9, 157,000 9,904,000 10,120,000 

11,312,000 10,852,000 9,987,000 
38,021,000 34,850,000 29,606,000 

1,696,000 1,824,000 1,748,000 
1,612,000 1,709,000 1,738,000 
4,629,000 4, 386, 000 4,020,000 

651,000 672,000 644,000 
2, 726, 000 2,650,000 1,680,000 

71,869,000 68,434,000 60,891,000 

1933 

1,502,000 
9,971,000 
9,727,000 

32, 153, 000 
1,592,000 
1,748,000 
3,815,000 

698,000 
1,793,000 

62, 999, 000 

Estimated .-
oonsumptlon 
upon return 

of pre-depres. 
sion industrial 

activity 

2,069,000 
13,093,000 
13,014,000 
43,800,000 
2,835,000 
1,956,000 
4,265,000 
1,390, 000 
3,416, 000 

85,347,000 

were obtained from the same source. These 
data were grouped by districts, 45 in number, 
consisting of logical subdivisions of the zones. 
The districts were chosen after careful study of 
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the existing systems so that as nearly as possible, 
completely interconnected groups were included 
in a single district. Owing to the extension of 
several major systems across the State lines 
which form the boundaries of the geographical 
zones adopted for the survey, it was necessary, 
for this study, to modify the zone lines some
what. Estimates of the expected sales by 
classes of service, the annual production to 
meet these requirements and the system de
mands, were also made by districts. These 
estimates are summarized for the entire United 
States in tables 3 and 4. 

This tabulation for the 215 large systems, 
represents approximately 92 percent of the 

65 percent over that in 1929. Upto 1933 the 
gain was 25 percent. PreliIninary data for 
1934 indicate that the use of this class of service 
had grown substantially sUrce '1933 and that 
the advance may be expected to continue. 

Table 5 shows that the average annual con
sumption of the domestic customer increased 
throughout the depression from 484 kilowatt
hours in 1929 to 593 kilowatt-hours in 1933, or 
22.5 percent. Due to the depression, however, 
there has been little growth in the number of 
customers. In fact, the number fell off from 
the high point reached in 1931. With restora
tion of income, however, the number will 

. doubtless reach the previous maximum and 

TABLB 4.-Production 0/ electric energy and mazimum demand8 in 1929, and annual 'requirements upon 
resumption 0/ pre-depre88ion industrial activity 

[Data taken trom reports of 215 systems] 

1929 Resumption of pre-depression industrial ac.tlvity 

Zooo Power region Sum of 8um of Incr..... Incr ..... 
Generation I maximum G~eration maximum over 1929 over 1929 

demands demands generation m~r;m"3' 

, 
Tho ..... "" Tho.uand 

kilowaU·hou" Kilow4UI kilow4U·hourl Kilow4UI Peru'" Perulil 
1 Northeast..................................................... 26,030,000 6, 305, 000 33,816,000 7,859,000 29.6 24.8 

= ~~~':.~:::::::::::::::::::::::::::::::::::::::::::::::::: ~:~~:~ tU~~ ro:~:~ 
: ~~~=~~.~.~::::::::::::::::::::::::::::::::::::::::::: ~:~~:~ 1,~~ ~=:~ 

7,959,000 17.6 18.4 
2, 273, 000 20. 6 23. 6 

559,000 -1.1 6.6 

6 Pacl1lo Northwest.... ...............•.......•...•...•.•.•....• 4,680,000 923,000 6,226,000 
1,222, 000 14. 6 16.6 
I, 066, 000 11.7 15.4 

7 Pacl1lo Southwest. ••.........•. .•• ••••.•..••••.•.• .•.•••••.•.. 8, 829, 000 1,730,000 10, 550, 000 2,071,000 19.6 19.8 

Total.................................................... /!T, 295, 000 19,121, 000 
Iucrease over 1929 ••••••••...•..•........•............•..................•••••.•....•••••.•• 

104, 705,000 
17,410,000 

23,039,000 19.9 20. 7 
a,918,OOO •••••••••••••••••••••••• 

I Individual Items In this column dI1fer IIlghtly trom those given in table 2 as the boundaries of the selected power districts do not in all cases con 
form emctly to the 8000 hoondariee. . 

total farm service of the country, 86 percent of 
the residential and domestic service, and ap
proximately 96 percent of tOtal energy con
sumed by other classes of customers. The 
percentage of residential energy included is 
apparently low for the reason that there are 
many small companies and municipal plants 
not covered by the present compilation. These 
small systems distribute energy, a large po.rtion of 
which is purchased from the major systems, prin
cipally to domestic consumers. This purchased 
energy is included under Miscellaneous in table 3. 

The Domestic Load 

The summary indicates that with resump
tion of pre-depression industrial activity domes
tic consumption will increase approximately 

119122-35---4 

continue with a rate of growth approaching 
that experienced prior to 1929. 

Another consideration supporting the esti
mate of greater residential consumption is the 
large number of appliances sold during the 
depression, the effect of which has not been 
fully apparent owing to the general curtailment 
of consumption resulting from reduced pur
chasing power. 

Table 6 shows that during the 5 years (1930-
34) sales of appliances added a total of more 
than 4 million kilowatts of electric-range load; 
more than 1 million kilowatts of refrigerator 
load; and nearly one-half million' kilowatts of 
water-heater load. These major energy-con
suming appliances, together with a vast number 
of miscellaneous items, such as radios, toasterS, 
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heaters, and fans, are estimated to consume 
more than 8 billion kilowatt-hours annually. 
Some of the above appliances were, of course, 

RESIDENTIAL CUSTOMERS, ANNUAL ENERGY CONSUMPTION 
AND AVERAGE CONSUMPTION PER CUSTOMER 

DATA 'AOM al~ STSTEMS 
lUI-IN. 

" 

\ /' 
/ 

,...... 

)/" OTAL CONSUMPTION-KWI-RS. 

/ - - ... ..,...,. .... 
1/ 1--"'- -........ 

.~-.. 
I .. ' 

\ AVERAGE KWHRS. PER = " aJSTOMER 
a," 
~ 

. 
, 
1-- '\ NUMBER OF CUSTOMERS 

ft' 
, ... .. " .. ,. , ... .. 

YEAR 

FIGl7B1I 8.-ResidentIal customers, annual energy consumption, and 
average consumption per customer, 1921H14. 

replacements, and the total energy consump
tion will not be increased by this amount. 
However, even if the estimate is discounted 25 
percent it would still account for all of the 
expected increaso in domestic consumption. 
This load was added in spite of the. depression, 
and the sale of such appliances may be ex
pected to increase rapidly with restored pur
chasing power. The stimulus of reduced rates 

pared to 1929. (See table 3.) Although at 
present the total amount of energy consumed 
by farm customers is small, consumption may 
be expected to increase rapidly in the near 
future. 

There are today approximately 725,000 
farms receiving central-station electric service 
out of a total of 6,300,000 farms. The esti
mated increase is based on the addition of 
approximately 25(),000 farm customers. When 
it is considered that during the year 1928, 
without the great stimulus which various 
agencies of the Government have given to 
rural electrification, 110,000 farm customers 
were connected, this estimate appears particu
larly conservative. The rate at which farm 
customers were being added slowed up during 
the depression, though there was a definite net 
increase in 1934. At present, special atten
tion is being directed by the Federal Govern
ment to the expansion of rural service. Several 
States are also working out definite programs. 
Leading utilities are carrying on special cam
paigns and are considering liberalized line
extension policies. Federal expenditures· for 
rural electrification to the extent of 100 million 
dollars are provided for in the pending Public 
Works Relief bill. All of these factors will give 
impetus to a rapid expansion of this service. 

The Small and Large Light and Power Load 

Total annual consumption of central station 
energy by small light and power consumers is 
estimated to increase about 2.4 billion kilo
watt-hours and by large light and power con
sumers about 3.6 billion kilowatt-hours, a total 

TABLE 5.-Sales 01 electricity to residential and domestic customers in the United States, 1929-83 

(Data taken from reports 01 215 systems) 

1929 1930 1931 1932 1933 

Salas In thonsand kIlowatt-hours________________________________________________ 7,957,000 9,157,000 
Number 01 customers____________________________________________________________ 16, 418, 000 16,739,000 

9, 904, 000 10, 120,000 
16,897,000 16,652,000 

9,9n, 000 
16,807,000 

593 .Average kno~att-hours per customer ________________ ~___________________________ 484 647 686 608 

will also constitute a powerful incentive to 
increased domestic use of power. 

.The Farm Load. 

Farm service for the 215 systems covered in 
this report is estimated to increase approxi
mately 566 million kilowatt-hours when com-

increase for the two groups of 6 billion kilo
watt-hours, or about 12 percent over 1929. 

The 153,000 industrial establishments of 
the country, including mines and quarries, 
during the years prior to 1930 consumed about 
62 billion kilowatt-hours annually. Of this 
amount, 22 billion kilowatt-hours (estimated) 
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were generated by industrial power plants. 
Upon the return of a similar period of activity, it 
is estimated that the increase in electrical con
sumption by industry will be in excess of 5 billion 
kilowatt-hours, and that of this increase about 
3.6 billion will be generated in central stations. 

The same degree of industrial activity will be 
accompanied by a greater utilization of electric 
energy than in the past, due to the greater 
employment of electro processes. A major 
increase in the use of power will be found in 

transportation loads to other methods. Ex
pansion of railroad electrification is taking 
place in certain instances, and the use of elec
trical energy by this class of service should 
increase substantially with resw::nption of pre
depression industrial activity. 

Summary 

The estimates based on the resumption of 
pre-depression industrial activity show that the 

TABLE~6.-Capacit1l of electric appliance8 added since 1929 

[Data supplled by manufacturers] 

Ranges _____________________________________________________________ kilowatts __ 
Relrigeralors... _________________________________________________________ do ____ 
Water beats ____________________________________________________________ do ____ 
MlaoelIaneous appllances _______________________________________________ do ____ 

Total kilowatts __________________________________________________________ 

Approximate OODSUlDPtion thousand kilowatt-bours lIIUlually _________________ 

the synthetic processes, such as the production 
of ammonia, alcohols, resins, and the like. 
Another will result from the increasing elec
trolytic production of such metals as aluminum 
and magnesium and the electric melting and 
heat treating of steels, brass, and nonmetallic 
products. A large proportion of these metals, 
particularly aluminum and stainless and other 
alloy steels, will be used in the fabrication of 
lightweight equipment for land, air, and water 
transportation. 

The use of air-conditioning equipment in 
industrial establishments, mines, and quarries, 

. for the prevention of occupational disease and 
the general improvement of working conditions 
and products, is growing rapidly. Large 
amounts of power are required for the operation 
of this equipment and for the production of 
the necessary materials and the fabrication of 
the apparatus. 

Street Railway Load and Railroad Electri
fication 

The amount of power required by street and 
interurban railroads should recover somewhat 
above the low of 1932, but may not reach the 
total of 1929 because of further shifting of 

1930 1931 108~ 1933 1934 Total 

I • 
1,472,000 829,500 481,000 388,200 1,029,100 4, 199, 800 

174,500 213,500 173,300 240,000 316,000 1,117,300 
107,500 67,000 30,000 50,000 103, 800 358, 300 

6,016,000 4,866,000 3,500,700 4, 731, 800 6, 161,100 23,264, 500 

6,870,000 6,976,000 4,186,000 6,410,000 6,500,000 28,940,000 

1,826,000 1,736, 000 1,245,000 1,560,000 2, 200,000 8, 566,000 

annual power·production of the 215 major com
panies will e~ceed 104 billion kilowatt-hours 
with a corresponding peak demand of 23 mil
lion kilowatts. The production of energy and 
the sum of the individual system demands in 
kilowatts for 1929 and the estimated amonnts 
are summarized by zones in table 4. 

Comparisons also show that the estimates, 
based upon return of pre-depression activities, 
closely check with the composite forecast of 
power requirements for the year 1937 sub
mitted by the reporting companies. This 
check has been made both with reference to 
demand and to production, and the check .is 
equally close in each case. The estimated 
sum of the demands of the power systems of 
the country ,is approximately 4 million kilo
watts greater than the demands in 1929. This 
is an average increase for the entire nation of 
slightly over 20 percent. As a comparison, the 
amount of this increase is considerably in excess 
of the total present central station power re
quirements in the entire southern part of the 
country, including the States of Virginia, West 
Virginia, North and South Carolina, Kentucky, 
Tennessee, Mississippi, Alabama, Georgia, Flor
ida, Arkansas, Louisiana, Texas, Oklahoma, 
and New Mexico. 
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The results for each zone are based on 
studies and estimates of the load requirements 
by districts as previously described. The prob
able growth of load for each district was con
sidered separately, although it must be borne 
in mind that it was not possible at this time to 
go into much detail concerning the economic 
foundation and growth of each section. The 
increase' in m~um demands has been esti
mated somewhltt greater than the increase in 
production. This means that the average load 
factor is estimated to be slightly lower upon the 
resumption of industrial activities than it was 
in 1929. The load forecasts of the utilities con
firm this assumption. Load factors at the 
present time are in general lower than in 1929, 
and it would seem reasonable to assume that 
this condition will continue for some time in the 
future. It cannot be assumed, however, that 
lower load factors will prevail for an indefinite 
period. On the contrary, the load factors antic
ipated \lpon resumptio~ of ind~strial activity, 
while lower than those for 1929, are higher than 
those prevailing at present, and it is reasonable 
to assume that in future years load factors will 
progressively improve with increase in load as 
they have in the past. 

Special attention is directed to zone 4, Moun
tain and Plain, States, where the estimated 
generation shows a slight reduction below 1929, 
while the estimated demand shows an increase. 
This zone comprises the mountain States of 
Montana, Wyoming, and Colorado and the 
plain States of North and South Dakota, Ne
braska, and Kansas. In 1929, approximately 
half of the total power production of the major 
companies in this zone was in the State of 
Montana in connection with copper-mining 
activities. Severe dropping off of the power 
requirements of this industry has been experi
,enced, the return of which to the 1929 level 
has not been considered in the estimates. The 
power requirements of the eastern portion of 
this zone, dependent largely on agriculture, are 
estimated to increase in an a:qlOunt approxi
mately equal to the reduction in estimated out
put in Montana and the other mountain States. 
Owing, however, to the difference in the char
acteristics of load in the other districts, the 
demand in these. eastern districts will be 
greater, thus causing a general increase in the 
power demand for the entire zone in excess of 
the relative change in energy requirements. ' 
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III. ADEQUACY OF PRESENT POWER-PRODUCING FACILITIES 

The sum of the estimated system peak de
mands upon resumption of pre-depression 
industrial activity for the 215 major com
panies covered in this report is 23,039,000 
kilowatts (table 4). The present installed 
capacity of the plants operated by these com
panies is 31,588,000 kilowatts. It might appear 
from a casual consideration of these two 
amounts that there are more than sufficient 
facilities to supply the need. This, however, 
would not be a correct conclusion. 

A number of factors must be considered 
before any conclusion can be reached as to the 
adequacy of the present generating facilities to 
meet future requirements. They are: 

1. The dependable capacity of present plants 
as hereinafter defined. 

2. The spare or reserve plant capacity neces
sary to prevent interruptions of supply and to 
assure adequate service. 

3. The leeway or additional reserve capacity 
required to meet load 1P'0wth. 

4. The extent to which existing facilities are 
obsolete or inadequate. 

Dependable Capacity of Present Plants 

The dependable capacity of the plants of the 
215 systems surveyed is 27,300,000 kilowatts, 
or 14 percent less than the installed capacity. 

It is often sound economics to build a steam 
power plant with insufficient boiler capacity to 
operate all the generating units at full load. 
Many steam power plants have been so re
ported. In such cases that part of the in
stalled generating capacity for which boilers 
have been provided has been called throughout 
this report the "dependable" capacity of the 
plant. In some other situations the ability to 
carry a load equal to the installed capacity of 
the generating units has been reported as 
limited by the availability and temperature of 
condensing water or the temperature rise in the 
generators. In such cases .these factors were con-. 
sidered in determining the dependable capacity. 

The dependable capacity of existing water 
power plants is defined as the output capacity 
of the plant available at the time of system 
peak as limited by stream flow, storage and 
load-factor characteristics of the load.. In some 
few cases the deterinining period is other than 

that of the syst~m peak. and occasionally the 
determination is based on the condition of maxi
mum flood flow and resulting reduced effective 

. head and on inadequate transmission facilities. 
The values for dependable capacity, both of 

steam-power and water-power plants, used in 
this report are the values reported by the 
companies, ·except that small plants which had 
not been operated since 1927 were not con
sidered as dependable capacity. 

The dependable capacity of water-power 
plants under low-water conditions is often 
substantially below both the installed capacity 
and the capacity which can be supplied under 
normal or average water conditions. All 
streaIns, with a few .exceptions, have fairly 
wide variations in stream flow. Droughts 
occur, such as was experienced during the past 
year (1934), which greatly reduce the water 
supply for the production of power even in the 
case of plants with extensive storage facilities. 
For plants· installed in connection with reser
voirs, the head of the plant reduces with deple
tion of storage, thus fixing the dependable 
capacity in periods of drought. A certain 
30,000-kilowatt plant installed in connection 
with an irrigation project has no dependable 
capacity under dry-year conditions. 

Because of complete draw-down of water 
during the, irrigation season, water-power 
plants with constant or non-variable head are 
sometimes limited in dependable capacity by 
inadequate pondage or forebay capacities. 
In some cases regulation of stream flow, as it 
is affected by irrigation, navigation, or other 
controlling factors on the stream, limits the 
plant's capacity available under low-water 
conditions, thus fixing a dependable· capacity 
substantially below installed capacity. In one 
extreme instance, a plant with 35,000 kilowatts 
installed capacity has a dependable capacity 
of only 5,000 kilowatts under extreme dry
year conditions because of these limitations; 
Another group of water-power plants installed 
with constant head and fairly extensive storage 
facilities is limited as to dependable capacity 
because in dry periods sufficient water is not 
available in the streams or reservoirs to make 
possible full use of the capacity of these plants 
except for very short periods. 

17 
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Table 7 shows the installed capacity and de
pendable capacity for both the water-power and 
steam-power plants of the 215 reporting svs
tems. The dependable capacity of the water
power plants of the country, considered as a 
whole, is approximately two-thirds of the in
stalled capacity. The dependable capacities of 
water-power plants in zones 2, 3, and 7 average 
55 percent of th\, installed capacities. In zones 
1, 4, 5, and 6 thA average approximates 80 per
cent. The average dependable capacity of 
steam-power plants is approximately 95 per
cent of the installed capacity. The total de
pendable capacity of the plants of the 215 

the instant it occurs, whether it be a few kilo
watts or many thousands. It is not possible for 
the utility to advise that delivery will be made 
in a few hours or that the order will be filled 
during the coming week. Service requires that 
sufficient capacity be always in operation to 
supply demands the instant they are made. 

Power plant units have to be overhauled 
from time to time. Transmission lines have 
to be repaired. This requires definitely that 
spare capacity be maintained. For isolated 
power systems the amount of this spare capac
ity is measured by the size of the largest unit. 
For extended transmission systems capacity 

TABLE 7.-In8talled and dependable capacity oj major private), municipal, and public district electric utility power plant8 
in the United lState8, 198.4 

[Data taken from reports of 216 systems] 

,!Hydroelectrio capacity I Fuel-plant capacity Total capacity 

Zone Power region 

I , , • 7 
1 N ortheast_ _ _ _____________ _____________________ ______ ___ _______________ 2, 426. 000 

1,803,000 8, 004, 000 7,587,000 10,430,000 9,390,000 
9,351,000 2 Middle West__________________________________________________________ 1.005.000 

3 Southeast_____________________________________________________________ 2, 099, 000 
4 Mountain and PlaIn__________________________________________________ 344.000 

692,000 
1,213,000 

9,321,000 
1,621,000 

8, 769,000 10,416,000 
1,463,000 3,620,000 2,676,000 

771,000 276,000 499,000 496,000 843,000 6 Southwest_______________________ ____________________ __ __ ________ ______ 93.000 79,000 1,672, 000 1,622, 000 1,766.000 1.701.000 
1.322, 000 6 PacI1Ic Northwest __________________________ :__________________________ 1,183.000 

951.000 393,000 371,000 1,676,000 
2.089.000 974, 000 1,193.000 1, 116.000 2, 938, 000 

6.887,000 22, 603.000 21.413.000 31,688,000 27,300.000 
7 PacI1Ic Southwest ______________________________________________ ------1~1.~7425.~000~.~==_1~~~:+_;;;7.~~1c~~=_t_;;;~~ 

Total ___________________________________________________ ---------1.....:c8.~985=,~000::....j._==::::.!.=-1...:::::..:.::=~-=:;,::=:::.+=====_i~~~ 
Percent Percent Perctflt Ratio of dependable to Installed capaclty _________________________________________________ _ 66.6 ------------

94. 7 ____________ 
86.4 

N oTK.-Installed capacities shown for each power region differ slightly from those shown In table I, as the boundaries of the selected power districts 
do not in all cases conform exactly to zone boundaries. 

systems is 27,300,000 kilowatts compared with 
an installed capacity of 31,588,000 kilowatts. 

A factor which tends to off-set the higher ratio 
of dependable capacity to installed capacity for 
steam-power plants compared with that of 
water-power plants is the fact that steam tur
bines and boilers normally require overhauling 
at more frequent intervals than water-power 
equipment. For this reason greater reserve 
capacity is usually required for systems sup
plied by steam-electric plants than for those 
systems where the larger part of the depend
able capacity is in water-power plants. 

The Minimum Spare Capacity Necessary 
to Assure Adequate Service 

A minimum spare capacity of 3,917,000 kilo
watts is needed to assure adequate service for 
the loads estimated. 

Electric power must be available when the 
switch is turned on or service demanded. 
There must always be enough generating plants 
in operation to delinf the increllSe in demand 

equivalent to several of the largest steam units 
may be required as spare. 

All companies were requested to file reports 
showing the location, and installed and depend
able capacities of each plant, together with 
maps showing existing transmission lines and 
their nominal capacities. Without attempting 
detailed analyses of all these data, a general 
study of the production and transmission facili
ties and the extent of interconnection between 
systems was made in order to determine the 
necessary spare capacity. In general, the 
largest steam unit in each isolated system and 
the largest unit in each major division of inter
connected systems were considered as necessary 
for spare capacity. From these studies esti
mates were prepared of the amount of spare 
capacity as a minimum that would be required 
in each of the 45 zone subdivisions or districts 
in order to assure service to the public. 

The ratio of the spare capacity to the depend
able capacity varies widely among the districts, 
depending upon the size of the units and the ex
tent of interconnection. On the large inter-
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connected water-power systems the ratio is low. 
This is due to the fact that these systems, under 
minimum water conditions, in practically all 
cases, have fairly large capacities that can be 
operated for a few hours or possibly a few days 
to take care of temporary break-downs, but do 
not have sufficient water to carry the load over 
prolonged periods. A relatively high percent
age of spare capacity is required in zones con
taining several isolated systems. For example, 
the ratio of spare capacity to dependable ca
pacity in zone 7, Pacific Southwest, is 10 per
cent, compared with 23.7 percent in zone 5, 
Southwest, where there is more steam power 
and less interconnection of systems. 

The minimum reserve capacity for the 215 
systems is estimated at 3,917,000 kilowatts, or 
14.3 percent of the total dependable capacity. 
This reserve, as stated before, represents the 
minimum that should be maintained. It does 
not take into account leeway to meet growth 
of load or nonuniformity of growth of load 
within districts. Normally, greater spare 
capacity must be maintained as a matter of 
practical operation. 

Leeway in Capacity to Cover Growth Re
quirements 

An additional leeway of 10 percent of the 
estimated peak demands in addition to the 
minimum spare capacity is reasonably required. 

It is essential and it is the general practice for 
each utility system to have spare capacity to 
care for anticipated growth in demand. Where 
growth of load is being experienced, as may be 
expected with the recovery of industrial activ
ities, power companies must anticipate this 
growth and install capacity ahead of demand. 
This may be estimated on the basis of past 
practice to amount on the average to at least 
1 year's load growth. In the case of isolated 
systems greater leeway may be expected. With 
fairly largo interconnected systems, units may 
be added in different plants so as to reduce the 
amount of this extra leeway. However, to 
obtain the highest efficiency the tendency has 
been to install larger units than immediately 
required, so that even with the general inter
connection of systems now in effect the leeway 
to cover average growth remains fairly large. 
Another factor which must be considered in 

determining this leeway is the variation in the 
distribution of load growth on extended sys
tems. Facilities added in one portion of the 
system may exceed the local growth while in 
other sections which are not fully intercon
nected a more rapid growth may occur requir
ing added installation. 

An analysis made of several of the larger and 
more important systems indicates that their 
practice prior to the depression, when system 
loads were growing, was to install capacity in ex
cess of peak demands equal to from"25 percent to 
45 percent of the dependable system capacity. 

Based on this analysis of the past practices 
of the electric utilities and on consideration of 
the probable conditions of load growth on 
resumption of predepression activities a leeway 
of 10 percent of the estimated maximum sys
tem demands, which is the basis adopted for 
the purposes of this study would appear to be 
the smallest allowance for load growth that can 
reasonably be made. This is on the basis of 
present system interconnections. 

Extent to Which Existing Facilities Are in 
Part Obsolete or Inadequate 

With resumption of pre-depression activities 
as much as 2,000,000 kilowatts of capacity may 
need to be replaced. 

In determining the adequacy of present 
facilities to serve prospective loads, obsoles
cence must be considered; obsolescence in this 
case being defined as the inability of the present 
equipment adequately to perform the same 
functions at equal or lower cost than they can 
be performed by the new. It follows, there
fore, that an old plant should be replaced just 
as soon as a new plant can be built for which 
the sum of the fixed charges on investment, 
interest, taxes, etc., and the operating cost is 
less than the operating cost of the old plant. 

The determination of such obsolescence, re~ 
Quiring the study of loads, plant performance, 
extent of use of present plants, and many other 
contributing factors, is beyond the scope of this 
interim report. From the data in hand, how
ever, some conclusions may be drawn. 

Age alone is not a definite factor in deter
mining the obsolescence of either a steam- or 
water-power plant. It does serve, however, as 
an index of the proba.ble operating efficiency 
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ahd operating cost of a plant and, therefore, 
the degree of obsolescence. 

The history of steam-electric power develop
ment has been one of constantly increasing 
efficiency. In the early days of power develop
ment the principal prime mover was the steam 
engine. Steam pressures were low, boilers were 
mostly hand-fired and great in number; gener
ating units were small in capacity, the larger 

\ 
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plant.s contained a great many units and many 
men were needed for operation. Plant economy, 
as is new understood, was given scant atten
tion; the real problem being one of keeping the 
operating units" on the line." With the advent 
of the steam turbine in the early part of the 
twentieth century and because of the increasing 
size of the plants and outputs, more attention 
was directed to this subject. Efficiencies were 
greatly improved and production costs reduced. 
Figure 9 (Trend in fuel consumption of steam
electric generating stations in the United 
States) shows that in the period 1902 to 1914 
the average fuel consumption was reduced from 

more than 6.5 pounds of coal pel' kilowatt-hour 
to less than 4 pounds. In 1914 the plant that 
represented the best in design required approxi
mately 1.7 pounds of coal (22,200 B. t. u.) per 
kilowatt-hour. By 1922 this had further been 
reduced to 1.45 pounds per kilowatt-hour. 
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FlOUR. 9.-Tr~d of fuel consumption In steam-electric generating 
stations In the United States. 

For data on power production and fuel consumption see Horton, A. H., 
Developed and Potential Water Power In the United States and Pr0-
duction of Electricity by Public Utility Power Plants, 1919-26; U. S. 

- Oeol. Survey Water Supply Paper 579,1928,210 pp.; also monthly power 
reports, mimeographed. 

For the years before 1919 the data are taken !rom a special study by 
F. G. Tryon, to be published elsewhere. Certain Incomplete data are 
given by the 6-year census of the electriclLllndustries made by the FederlLl 
Bureau of the Census covering 1902, 1907, 1912, and 1917. The census 
does not sepai6ta the ldlowatt-hours genemted by fuels and by water 
but gives sufficient data on installed capacity of prime movers to permit 
an approIimate separation. The quantity of colLI used was reported In 
1902 (incomplete) and 1917 (complete), and the cost of fuel was reported 
in 1902, 1907, 1912, and 1917, from which the total consumption and the 
pounds per ldlowatt-hour have been derived. The result, though not 
precise, Is reasonably accurate and Indicates the trends. Reference: 
U. S. Bureau of Mines, .. CoILlln 1927", p. 419. 

The period immediately following the World 
War witnessed tremendous' increases in the 
price of coal. The stimulus of such prices 
brought about a marked change in steam-plant 
design and efficiency. Generating units an4-
plants were increased rapidly in capacity, and 
efficiencies were improved greatly by new de-
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NOTE~ * EFFICIENCY BASED UPON THE BEST PRACTICE ATTAINED WIT ... ANY UNIT IN THAT YEAR. 
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CHICAGO IN 1903. RECORDa INDICATE THAT CENTRAL STATIONS HAD INSTA~LED EXPER
IMENTAL STEAM TURBINES AS EARLY AS IS98. 

• CAPACITIES BASED ON THE REPORTS OF 11& SYSTEMS. 
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velo.pments in bo.ilers, firing equipment, and 
o.ther auxiliaries. The trend to.ward higher' 
steam pressures, begun during the war, co.n
tinued. Fuel co.nsumptio.n in these mo.re 
mo.dern statio.ns fo.r base lo.ad o.peratio.n was 
reduced. to.. 1 po.und o.f Co.al per kilo.watt-ho.ur 
and even less in so.me exceptio.nal cases. 

tio.n by the superimpo.sing o.f mo.dern high
pressure bo.ilers and generating units. 

To. find o.ut the extent to. which the retirement 
o.f this o.ld steam equipment may be carried, 
tables 8 and~, relating to. age, and tables 10 and 
11, relating to. efficiencies, have been prepared. 

Many o.bservers estimate the '6co.no.mic life 
o.f steam Po.wer plant equipment at 20 yelU's. 
Referring to. table 8, it will be seen that appro.xi
mately 2,500,000 kilo.watts o.f capacity is at 
least 20 years o.ld (installed prio.r to. 1915). 
Fro.m table 9 it may be co.ncluded that this 
capacity is made up principally o.f small units. 
Table 10 sho.ws that appro.ximately2,600,OOO 
kilo.watts o.f capacity have a fuel co.nsumptio.n 
greater than 25,000 B. t. u. per kilo.watt-ho.ur, 
thus dating mo.st o.f it prio.r to. 1915. (See 
fig. 9.) This is 11.7 percent o.f the steani
electric capacity which the 215 repo.rting sys
tems no.w have in service. 

These great advances in efficiencies in steam 
po.wer plants have rendered o.bso.lete as majo.r 
sQurces o.f energy pro.ductio.n that po.rtio.n o.f 
capacity no.w remaip.ing which was installed 
ptio.i' to.' the war peri,o.d. As lo.ads increase, 
eco.no.my will dictate the abii.ndo.nment o.f a 
large po.rtio.n o.f this 'capacity. So.me m!),y be 
re,tained because o.fthe necessity fo.r spare 
capacity' t(l" insure serVice whilemo.re efficient 
units are being o.verhauled and alSo. fo.r peak 
lo.ad service in the areas primarily served fro.m 
hydro.electric develo.pments. So.me alSo. will be 
retained because it will lend itself to. rehabilita-

TABLE 8.-Present power-plant capacity of the major electric utilities in the ,united States classified according to year 
of installation and type of prime movers 

Region 

[Data taken from reports of 215 systems] 

Typa of prima movers Prior to 
1901 l00l~ 1906-10 1911-15 1916-20 1921-25 

Zone�--------------------------~----------------~-----~-----4-------I-------I--------I------
1 I I , • 8 

Kilowatt. Kilowatts Kilowatts Kilo'.JJatt. Kilowatts Kilo'.JJatts 
Hydro________________________ 3.300 82, 460 134, 950 293.796 273.965 468.390 
Steam_._______________________ 13,800 41,900 211,650 769,179 1,416,666 2,236,610 
Internal combustion ______________________________ ------------ ------------ ------------ ------------

i Northeast_, ________________ , _____________ _ 

Total. __________________ 17,100 124.360 346,800 1,062,976 1,690,631 2, 704, 000 

2 Middle West ____ , _________________________ Hydro________________________ 1,200 4,800 69,110 211,620 164,746 214,990 
Steam_________________________ __________ 16, 900 187,637 633.410 1,714.676 2.~: ~ 

Internal combastion __________ ---------- ----------I---=:::-2=:68.:--I---c;:-;;:-I,"'29;;.6-1-:-;;;:;;CI,-';I28~I____;;_;;;;O,= 
Total___________________ 1,200 21,400 247,016 846,325 1,870,648 3.022,248 

3. Southeast •. ________________________________ Hydro ________________________ = __ = __ ,;; __ ::_;; __ =_1=1=6,::790=11==9""'7=.3=10=1===:3'"'11=, 29==1 '1==238==.7.000::=l'==:6=72~. 84=6 
Steem..________________________ 2, 600 6, 300 41,420 148, 750 266.900 668.960 
Internal combustion__________ __________ __________ _________ ____________ 128 3.200 

Total __________________ : 2, 800 22,090 138, 730 460.041 504, 028 1,244, 996 

4 Mountain and Plain __________ • ___________ Hydro ________________________ -_________ 3,000 ~,~ ~:~ - ~n::: ~~:~ 

~!:r~ai-oombijsiioii:====::::: ____ ~~~~~ _____ ~~_F-::--:::--;:.--:_:~:::--:::--:I-___;;~I08=_I--=I,~O;;;'68;_I--='l.~f'OO;;; 
Total___________________ 1,698 9.738 111.875 97.468 228,468 215,750 

5 Southwest ________________________________ Hydro ________________________ ---------- ---------- ------------ ------------ -----38-790-
Steam________________________ 1,500 4, ISO 28.905 63,600 I. 90 
Internal combustion__________ __________ __________ 80 2, 140 N 

Total ___________________ ~ 4,150 28,986 66,840 139,686 

16.370 
291.950 

2.104 
309,474 

8 PacificNorthwest ______ " __________________ Hydro--______________________ 6,000 24,980 I~.~ I:.~ g~~ ~:~~g 
Stesm_________________________ __________ 800 , , , 
Internal combustion ______________________________ ------------ ------------ ------------ ------------

Total. __________________ 6, 000 26,780 124,725 9OS.963 118.700 3:l8. 330 

7 PacUlc Southwest _________________________ Hydro________________________ 17,200 39,334 168,220 
Stesm_________________________ __________ __________ 76,100 
Internal combustion ______________________________ ------------

Total___________________ 17,200 39,334 ~ 320 

?;otal~pat~y ofhydrounits_____________ ________________________________ 37,700 170,064 

*~~a~ ~~ ~?~l~~~~DitS~~:::::::::::::: :::::::::::::::::::::::::::::::: ~ 1. ~~~ 
N~m~P:IC!~:'::"~~:_~~~ts-:::---------- -:------------------------------ 19,498 76, 7:S 

. *~~:~:a9J{:~m l:.~D~:oo~:~~ii~~: ::::::::::::::::~::::::::::::::: ____ ~~~ _____ ~~~~_ 
Grand total, capacity of all types__________ ________________________________ 47,198 246,852 

627,215 
203 

3,090 
614,687 

161 
4,060 

348 

1,242,160 

168,130 
166.860 

300 
314,290 

1,225,460 
288 

4.255 
1,823.399 

309 
6.900 
3.843 

3,052,692 

160,705 689.324 
46.800 2!:O.700 

700 1,140 

207. 90S 881.164 

1.021,116 2,228,249 
198 328 

6.160 6,796 
3,734,937 6,476,040 

376 430 
9.960 15,040 
3,914 11,672 

4, 759, 966 8,715, 961 
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TABU 8,~Pr418ent power-plant capacity of the major electric utilities in the United States classified according. to. year 

of installation and type of pl'1:me movers-Continued 

(Data taken from reports of 215 systems) 

Region Total ··IY~r~fi~-.taIlation lkand· total 

ZOD8r-___________________________ �.--------------------"I---------�---------�.--------~-n-o-t_~~v-en __ II~--~~-
Type of prime movers 1926-30 1931-34 

I • 10 11 11 13 

Kilowatt' Kilowatt. Kilowaltl Kilowaltl 
822,329 172, 440 

2,033,750 658,000 
1,300 --------------

160,134 2,411,764 
50,585 8,031,040 
4,362 5,662 

3,457,379 830,440 215,081 10,448,466 

104.012 171,800 
3,085,450 467,500 

8,236 5,422 

114,829 1,036,8Oti 
215,526 9,l~H~~ 8,216 

3,197,698 644, 722 338, 571 10, isu, 727 

951,490 25,520 
661,750 37,250 

10,677 --------------
42,786 2,355,032 
66,888 1,199,708 
7,415 :2~,420 

1,~,917 62,770 ll7,089 4, ~76, 160 

70,250 3,000 
162, 250 35,500 

8.805 3,030 

17,738 :l44,538 
15,865 622,376 
6.878 21,389 

241,305 41,530 40,481 988.303 
2,800 71,820 

721,000 89,500 
12,214 790 

3,101 93,091 
51,497 1,390,798 
19,Oll 37,279 

736,014 162, llO 73,60? .. , 1,521, 168 

• Pacific Nonbw.at""", •. """"""""".""."" .. "" Hydro .••. ""." •............. ,. 239,130 137,700 1,036,528 
Steam......................... 169,000 35,000 303,800 
Internal oombustion" ...................•....•.........•.. """"""" 

31,678 1,068,206 
3,700 367,.500 

64 : 64 

35,442 1,435,770 

60,767 'I; 6!5, 370 
3,800 1,115,960 

382 37,262 

64,949 2,838,592 

431,033 ..Ili~807 

172,700 1,400,328 

80,600 1,614,603 
l25,000 l,ll2,160 
28,000 35,880 

233,600 2,703,643 

662,880 8,553, 774 
54 1,404 

12, 270 6,095 
1,447,750 22,044.199 

46 1,663 
30,200 13,240 
37,242 104. 991 

2, 147,872 30, 702,964 

TotaL.................. 408, 130 
1==~~I==~==r-~~~=~~'I==~~ 

Pacifle BoutbweaL.··,···'·· .. ····'""·"·"rJ..~:.::::::::::::::::::::::: :f~::: 
Internal oombustion.......... 6, 740 

I 
Total ••...••.•••••••.... '-----825--,830-+--------;;---------'·-------i·----~-

J=~g,"li~~r~f~~~~:::::::::::: :::::::::::::::::::::::::::::::: 2,591,~ ••••••••••••••••• " •• " ••••• 
Average size of bydro units ...••. ' •••••• ,"" " •. """ ...... "".................. 11.460 
Total capacity of steam units ••••....••.•••• """"""'"""'"""'"'"'" 7,851,200 
Numbar o!steam units" .••••.• , •...••...•• """"'""'.""""""""" 309 
Average sl ... 01 steam units .........•....• " ............ " .•.•.••. ,.......... 25,400 
Total ... pacity of Internal-combustion ........... " ............•.... ".. 47,572 

units. 
Grand total, ... paclty of all types •••••••• " """"'"'.""""""""""' 10, 490,273 

""'46;-328' """"'iiii;3iii 
885, 222· 31, fiIl8.186 

I Represents oapaclty of water·power and Sl88m·power plants 01 leas than 2,600 kilowatts and oU-engIne plants of leas tban 500 kUowatts on wblcb these 
<lata were not oblalnad. . . 
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TABLE 9.-Capacity of steam electric generators in the major elect1'ic utility stations in the United States classified 
acco1'ding to aile and size of unit 

[Data taken Irom reports 01215 systems] 

Power region Year 01 Installation 10~d:fIO_ 3J~k}fo- Over 30,000 Total kilo-
watts watts kilowatts watts 

zonel---------------------------------I-----~--------------------I-------I--------I-------·1--------
1 a , , 

Kilowatt. Kilowatt. Kilowatts 
·1 Northeast ________ ------------------------------____ Prior to 1901. ____________________________ _ 

\ 1:l1 ~~ l~~t:::::::::::::::::::::::::::::: 
13,800 

102,450 
630,205 
71,500 

Kilowatts 
13,800 

253,450 
4,421,455 
3,291,750 

:I Middle West ______________________________________ _ 

1926 to 1934 _______________________________ _ 
151,000 

2,494,250 
755,500 

1,297,000 
2,464,750 

TotaL______________________________ 817,955 3,400,750 3,761,750 7,980,455 
Prior to 1901. __________ : __________________________________________________________________ _ 
1901 to 1910________________________________ 71,537 133,000 ____________ 204,537 
1911 to 1925..______________________________ 834, 265 2,939,900 1,377,500 5,151,665 
1926 to 1934,.______________________________ 134, 700 848,750 2,569,500 3,552, 950 

Total ______________________________ . 1,040,502 3,921,650 3,947,000 8,909,152 

s South •• st__________________________________________ Prior to 1901. ____________________________ _ 
1901 to 1910 _______________________________ _ 2,500 

47,720 
313,800 
55,000 

2,500 
47,720 

983,600 
699,000 

1911 to 1925.. _____________________________ _ 
1926 to 1934 _______________________________ _ 610,000 

344, 000 
60,000 

300,000 

Total_______________________________ 418,820 954,000 360,000 1,732,820 
I====~F==~F=~=F~~ , Mountain and Plain __________________________ , ____ Prior to 1901______________________________ 1,69S ____________ ____________ 1,698 

1901 to 1910________________________________ 40,213 20,000 ____________ 60,213 
1911 to 1925________________________________ 136,850 210,000 ____________ 346,850 
1926 to 1934____________________________ ____ 85,250 112,500 ____________ 197,750 

1--------1--------1-------1-------
TotaL ____ -- - --- - -- -- - -- - -- -- - -- -- -_1==264,~':'0I::1=1=~34=2,;" 5OO;;;,t-,;-_;;-;;;--,;--;;-;;;--;;-11=~00;;6;.;, 5,;;11 

15 Southwest _________________ .~ ______________________ Prior to 190L_____________________________ 1,500 ____________ ____________ l,liCO 

1m ~~ 1~:::::::::::::::::::::::::::::::: ~~:~~ ----262;500- :::::::::::: 4~t~ 
1926 to 1934 ________________________________ 1--_1_08_,_500-+ ___ 560-'-, 5OO __ -I--_1_4~I,_500 __ I----81~O,~500-

Prior :0::~~ ___ ~~::::::::::::::::::::::::::1= __ =_=_:=:~~_=~=~=_1' _=_= __ =~~=_;"~~= __ =_,I=_= __ =_~=~,,,;~~;;~;;_=_I = __ =_~~~=:=~~;",~=_~ 
l:ll ~~ l~~:::::::::::::::::::::::::::::::: l~t;: -----42;"500- :::::::::::: 1~::: 

II PacI1Io Northwe..t ______________ --------------------

1926 to 1934,.-------------------,-_________ 14,000 50,000 140,000 204,000 

TotaL______________________________ 131,300 92,500 140,000 363,800 

., PacI1Io Southwest __________________________________ Prior to 190L ____________________________________________________________________________ _ 
1901 to 1910________________________________ ____________ 22.000 54,100 76,100 
1911 to 1925________________________________ 104,560 328,500 75,000 493,000 
1926 to 193L______________________________ 5,000 83,000 440,000 543,000 

TotaL______________________________ 109,560 433,500 569,100 1,112, leO 
F===~F====I=====I===~ Total, allzones. ____________________________________ Prior to 190L_____________________________ 19,498 ____________ ____________ 19.49S 

1901 to 1910________________________________ 311,275 326,000 54,100 691,375 
1911 to 1925________________________________ 2,352,226 6,887,650 2.809,500 12,034,376 
1926 to 1934________________________________ 473,950 2, 754, 250 6,055,750 9,298,950 

r------~-------r------I-------
TotaL_____________________________ 3,156,949 9,967,900 8,919,350 22, 044, 199 

Dato of Installation not given ,_____________________ ____________________________________________ ____________ ____________ ____________ 407,861 

Total__________________________ ____ __ __ ______ _______________ _____________________________ ____________ ____________ ____________ 22, 452, 060 

I Represents capacity 01 plants 011 ... than 2,500 kilowatts capacity on which data were not obtained. 

Table 11 shows, however, that this capacity 
produced in 1933 only 1.8 billion kilowatt
hours, equivalent t.o about 7 percent average 
load and 4 percent of the total steam energy 
produced. To supplant this capacity would 
require new investment of approximately 
$220,000,000, incurring annual fixed costs of 
$25,000,000, which together with plant oper-

ating costs, if distributod over the 1.8 billion 
kilowatt-hours would mean that the unit opera
ting cost of the present plants would have to 
be in excess of 1.75 cents per kilowatt-hour to 
make it economically possible to abandon them. 
However, if loads increase, these plants will be 
called upon to produce more energy and the 
potential savings will become greater. 
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TABLE IO.-Steam electric plant capacity classified according to efficiency at 60 percent load, 19S.t • 

[Data taken from reports of 215 systems] 

Under 14,000 10 18,000 to, 22,000 to 25,000 to • Over 
Power region 14,000 18,000 22,000 25,000 30,000 30,000 Total 

zOUI ____________________________________ I __ B_._t.u_._I~B-.-t.-u-. _1 ___ B_.t_.u_·_I ___ B_.t_.u_· __ I __ B_._t.u_·_II_B_"_.t._u_._~ ____ ___ 

• 8 

Kirowatl. Kirowatt. Kirowatt. Ki/owat/l Kalowatll Kirowatll Kllowatll 
1 

Northeast _________________________________________________ 
2, 155,000 2,297,000 1,851,000 955,000 410,000 275,000 7,943,000 

2 
Middle West _____________________________________________ 

1,609,000 3,182,000 1,735,000 912,000 600,000 376,000 9,014,000 
a Boutheast _________________________________________________ 60,000 7ll4,000 294,000 195,000 195,000 160,000 1,698, 000 

• Mountain and plain ______________________________________ ------------ 281,000 86,000 134,000 86,000 29,000 618,000 
6 

Boutbwest ________________________________________________ ------- ---- 947,000 181,000 50,000 94,000 70,000 1,342,000 
6 

Paci1lc Nortbwest _________________________________________ 
------------ 70,000 100,000 85,000 50,000 62,000 357,000 

7 
paci1Ic Boutbwest _________________________________________ 308,000 421,000 121.000 79,000 102,000 83,000 1,114,000 

Total _______________________________________________ 
4, 132,000 8,592,000 4,368,000 2, 410, 000 1,539,000 1.045,000 22,086,000 Percent of total _____________________________________ 18. 7 38.9 19.7 10.9 7.0 4.7 100.0 

I Emeiency Is measured as plant ruel eonsumption in B. t. u. per kIIowatt-bour of net station output at 60 per08nt load. Sin08 1 kilowatt-bour is 
equivalent to 3,412 B. t. u., a fuel eonsumplion of 14,000 B. t. u. per kIIowatt-bour corresponds to 24.4 peroent over...n tbermal eIDeiency and of 30,000 
B. t. u. per kIIowatt-bour to 11.4 peroent over-all tbermal eIDeiency. 

No .... -Steam plants under 2,500 kII~watts capacity not Included In this tabnlation. 

Likewise, as loads increase, new plants must 
be built to meet the demands. In building such 
plants, additional or increment capacity can 
usually be installed 'at an increment cost much 
less than the average. This low incremental 
capital cost increases the probability of eco
nomically supplanting the older capacity. In 
the previous example the average cost of 
capacity was estimated as approximately $85 
per kilowatt. If in building a new plant it 
is found that additional capacity above that 
required for load growth can be installed at less 

has proven this to be the case. As loads grew, 
new plants with'larger capacity than actual 
load growth demanded, were built for base-load 
operation and the older, less efficient plant.s re
served for short-hour, peak load operation, with 
a gradual abandonment of the still older plants. 

Therefore, the extent and rate of the retire
ment of this old capacity will depend on the 
growth of the load and the fuel cost in the 
particular area. In the relatively high-fuel
cost areas in zone 1, Northeast region, it will 
probably be. rapid and of large volume. In the 

TABLE n.-Output of steam-electric plants classified according to efficiency of plants at 60 percent load, 19S5 1 

[Data taken from reports of 215 systems. Tbousand kilowatt-hours] 

Under 14,000 to 18,000 to 22,000 to 25,000 to Over 
Power region 14,000 18,000 22,000 25,000 30,000 10,000 

ZOUI ____________________________________ I. __ B_,_t._U_·_I __ B_._t_.n_·_I __ B_._t_.u_·_I __ B __ .t_'_U· __ I __ B_._t._u_·_I~_B_._t._u_·_r ____ __ 

Total 

, i 8 

313,000 60,000 14, 100,000 
410,000 170,000 20,975,000 
128,000 12,000 1,973,000 
430,000 25,000 1,764,000 
17,000 153,000 3,632,000 
40,000 6,000 191,000 
3,000 --.. --.. ------ 1,055,000 

1,341,000 416,000 43, 690, 000 
3.1 1.0 100.0 

I Emeiency Is measured as plant fuel consumption in B. t. u. per kIIowatt-bour of net station output at 60 per08nt load. Sin08 1 kilowatt-hour is equiva 
lent to 3,412 B. t. u., a fuel consumption of 14,000 B. t. n. per kIIowatt-bour corresponds to 24.4 percent over...n tbermalemciency and of 30,000 B. t. u. 
per kilowatt-hour to 11.4 peroent over...n tbermal emeiency. 

NO'I'B.-Output of steam plants under 2,5OI).kiIowatts capacity Dot included in this tabnlation. 

cost than the average, say $60 per kilowatt, then 
the burden of fixed charges on the small num
ber of kilowatt-hours generated by that incre
ment capacity becomes less and the probability 
of it being able to supersede the old becomes 
greater. Past experience of the power industry 

low-fuel-cost areas and in areas basically sup
plied by water power, much of it will be retained 
to carry peak loads and act as reserve capacity. 
To place a concrete value on the amount that 
must be replaced without further analysis would 
be mere conjecture. Undoubtedly, however, 
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replacements· willelilnina te the In'aj or' part of 
that capacity over 20 years old and consuming 
mimi than 25,000 B. t. u. per kilowatt-hour. 

Obsolescence of water-power plants is not 
caused by development in the' art of design and 
improved equipment to the extent. that such 
improvements affect the usefulness of steam
electric plants, since only it small portion of the 
construction cost of a water-power plant is in
volved hi those items of mechanical and elec
trical equipment which are subject to improve
ment. Th~. jmproveIIlent· in. generator or tur
bine efficiencies has not, in general, been of suf
fi~ientIIlagnitude to. warrallt ;replacement of 
such equipment in existing plants on the basis 
of efficiency alone, except in the case 'of plants 
adaJ>ted to the use, of the adjustable-blade-pro~ 

peller runner, where greatly increased efficiency 
at part load and at reduced head is obtainable 
'through the use of this recently developed tur
bine. The other turbine replacements which 
liave been made have been partially caused by 
the wearing out of moving parts and high main-
tenance cost. , ' 

From the data in table 8 it will be seen that 
about 9 percent of the water-power generating 
units are more than 25 years old. While it is 

. not suggested that age will decide w\lether or 
n~t a water-power plant is obsolete, it follows, 
however, that as units and plants become older, 
the maintenance costs increase and there comes 
a time when the increased operating and main.; 
tenance costs justify reconstruction of the 
plants. 



IV. SURPLUS AND DEFICIT OF DEPENDABLE CAPACITY 
2.7 

In the two preceding sections there has been 
determined first, what the demand for power will 
be when normal industrial activity is resumed; 
and second, the amount of existing dependable 
generating capacity, after making conservative 
allowances for that portion of such capacity 
which is clearly obsolete and inefficient. 

This provides Ii. basis for the determination· 
of the most vital, questions raised by the 
National Power Survey: ' 

1. What is the relation between the effective 
demand, by districts, for power that will be 
created by a resumption of normal industrial 
activity and the capacity of existing reasonably 
efficient generating plants? 

2. Is there a true surplus of generating ca
pacity, or does a, critical shortage of power 
capacity impend? , 

3. To what extent can any shortages be met 
br plants now under construction? 

Surplus and Deficit of Capacity by Zones 

Shortages of capacity upon the resumption 
of pre-deJ>ression industrial activity are indi
cated in some part of every zone. The total 
of these shortages based upon an allowance for 
minimum spare capacity is approximately 
845,000 kilowatts. If a leeway for growth of 
load is added, the total of the shortages becomes 
2,325,000 kilowatts. Surpluses are also found 
in some parts of 011 but one of the zones, but as 
will be explained they cannot necessarily be 
Hsed to offset the shortages. 

In table l~ thero have been combined the re
sults of the study of loads and dependable ca
pacities in the 45 districts into which the zones 
were subdivided. Dependable capacity, col
umn 2, has been taken from table 7, and the 
sum of the estimated system-peak demands, 
column 4, from table 4. Reserve capacity, 
column 3, has been determined on the basis of~ 

1. Minimum spar~ capacity to assure free
dom from interruptions and adequate service 
as discussed in section III beginning on 
page 18. 

2. Normal reserve (minimum spare capacity 
plus 10 percent of peak demand for growth) as 
discussed in section III beginning on page 19. 

The reserve capacity listed in column ,3 is 
the sum of the necessary estimated reserve 'CI!-
pacities, under present conditions of intercon
nection, of .the, individual distpcts, comprisiI:tg 
the zone. The surplus and shortage in depend
able capacity by zones, columns 5 and 6, are 
also the sUms of the excesses and shortages by 
districts. Their "81gebraicsum is praCtically 
meaningless an.q ,therefore not shown, as the 
surplus in one district cannot be said to, .,P~ 
available to supply the deficit in another dis
trict, except where these distriC?ts are adequate
ly interconnected and coordinated. The 'study 
has taken into considerati~n the capacity of 
existing transmission connections between dis
tricts and the contractual relatiqns r~ported as 
available at time of system peak. The de
mands caused by these contractual arrange
ments would be iileluded tWic·e ifnotded,uc~ed 
from column 4, Sum of Estimated System~.Peak 
Demands. These demands include' only ~he 
peak demands of ultimate consumers on, the 
individual system plus system 10ElsesJ .system 
uses and energy unaccounted for.' ' 

Reference to section A of table 12, indicates 
that a shortage of 845,OOOkilowli.tfsln capacity 
is esthnated, in deficient ,districts under mini~ 
mum reserve conditions. Surplus .of capacity 
in excess of minimum reserve capacities in dis,. 
tricts with excess facllities totals over 1,100,000 
kilowatts. Section B of the same table shows 
that in deficient districts the· capacity fails to 
equal that required to meet theload and ruain.; 
tainnormal'reserve by 2,325,000,kilowatts. 
The results of a; study of possible interconnec.;. 
tion and coordination of facilities between 
districts may in some cases point out ways to 
reduce the shortage conditions. 

This shortage of 2,325,000 kilowatts repra:. 
sents the increase in net dependable capacity 
which ~hould be in operation by the time there 
is a resumption of pre-depression industrial 
activities. The total gross additions to capac~ 
ity required may be expected .to exceed this 
amount by the extent to which· obsolescence' 
will cause removal. Based on the conclusions 

27 
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in the discussion on obsolescence this will in
crease the total gros!! requirements of new 
capacity to 4,000,000 kilowatts. 

Projects now under construction, see section 
V, will meet the requirements in certain parts of 

Deficits and Surpluses in Zone 1, Northeast 
Region 

In zone 1, Northeast region, the State of 
Maine may require additional facilities while 
there is a surplus in the other New England 

TABLE 12.-Excess and 8hortage oJ-capacity by power regions in the United States upon resumption oj pre-de1Jre88ion 
rate oj industrial activity 

[Based on reports at 215 systems] 

A. BASED ON MINIMUM OF RESERVE CAPACITY 

\ 

Power region 

Zone 

Estimated 
dependable 

C;Spacity 
Reserve 
capacity 

Summary at district sur-
Estimated pluses and deficits 
S~~~k~ 1-----.----

Surpluses Deficits 

• 
Kilowatt8 Kitowat/8 Kilowatt8 Kilowalt8 Kilowatt. 

I Northeast________________________________________________________________ 9,390,000 1,334,000 7,869,000 382,000 195,000 
2 Middle West_____________________________________________________________ G, 861, 000 1,209,000 7,969,000. 441,000 268,000 
3 Soutbeast________________________________________________________________ 2,676,000 384,000 2,273,000 79,000 60,000 
4 Mountein and Plain_____________________________________________________ 771,000 190,000 569,000 46,000 34,000 
5 Southwest_______________________________________________________________ 1,701,000 400,000 1,222,000 101,000 25,000 
6 Pacific Northwest________________________________________________________ 1,322, 000 187,000 1,066,000 140,000 71,000 
7 Pacific Southwest________________________________________________________ 2,089,000 210,000 2,071,000 0 192, 000 

Total. _____________________________________________________________ 1-2-7
,-300-, 000-1--3,-9-17-, 000-1-23-, 0-30-, 000-1--

1
,-18-9-, 000-11--84-5,-000-

B, BASED ON MINIMUM RESERVE PLUS 10 PERCENT OF PEAK DEMAND TO COVER MARGIN FOR GROWTH OF LOAD 

1 NortheasL______________________________________________________________ 9,390,000 2,121,000 7,869,000 
2 Middle West_____________________________________________________________ 9,351,000 2, 006, 000 7,969,000 

58,000 658,000 
134, 000 758,000 

3 Southeast________________________________________________________________ 2, 676, 000 611,000 2, 273, 000 
4 Mountain and PlaiD_____________________________________________________ 771,000 247,000 569,000 

32,000 240,000 
16,000 61,000 

6 Southwest_______________________________________________________________ 1,701,000 625,000 1,222,000 
6 Pacific Northwest________________________________________________________ 1,322,000 294,000 1,066,000 

22,000 58,000 
140,000 

7 Paclfic Southwest________________________________________________________ 2,089,000 418,000 2, 071, 000 

TotaL _________________________________________________________ ----1---
27

-, 300-'-, 000-1---6,-222,-000-1---23-, 03-9-, 000-1-"---1----

102, 000 
0 400,000 

the country, particularly the Pacific north
west, southern California, southern Nevada, 
and western Arizona, eastern Pennsylvania, 
Tennessee, Alabama, and Georgia, and in other 
areas adjacent to Federal projects, 

Figure 10 indicates by the shading of areas 
the various districts in which the return of 
normal industrial activity will create surpluses 
or deficits in comparison with existing generat
ing capacity and the relative percentage of such 
surplus or shortage. This map has been con
structed on the basis of the practical necessity 
of maintaining a normal reserve capacity. 
The preponderance of red on the map shows 
that few of the districts have at present suffi
cient facilities to maintain normal spare ca
pacity on return of pre-depression activities. 
This is a critical situation which merits thought
ful consideration and careful planning by both 
the Government and the electric light and 
power indqstry. 

364,000 2,325,000 

States. A deficit is estimated even under 
minimum spare capacity condition in central 
N ew York with an approximate equivalent 
surplus under similar conditions in the Metro
politan area of New York City. Further in
terconnection between these areas -might be 
made, if feasible. Capacity to maintain nor
mal reserves will be insufficient by over 600,000 
kilowatts in that part of the zone west of the 
New England States, A surplus of 58,000 
kilowatts is estimated for the New Engla.nd 
States other than Maine. In eastern Penn
sylvania, Ne~ Jersey, and Delaware the 
deficit indicated will be largely taken care of 
with the completion of the steam-electric gen
erating unit of 165,OOO-kilowatt capacity now 
being installed in the Richmond steam-electric 
generating plant of the Philadelphia Electric 
Co. Interconnection between this district and 
the Washington-Baltimore area. should be 
studied. 
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Deficits and Surpluses in Zone 2, Middle 
West RelUon 

In zone 2, Middle West region, a surplus is 
indicated for Michigan and lllinois and a 
deficit in the remainder of this zone on the 
basis of normal reserves. Studies of trans
mission systems in the zone and of the possi
bilities of greater coordination should be made. 
Plant-capacity additions of 758,000 kilowatts 
are estimated as necessary, of which 400,000 
is estimated for the eastern section of the zone, 
including Indiana, Ohio, western Pennsylvania 
and West Virginia. Power plants in Chicago 
and Milwaukee on which construction work 
was halted during the depression can be com
pleted to meet requirements in the immediate 
region but will not be sufficient to take care of 
other areas. 

Deficits and Surpluses in Zone 3, Southeast 
RelUon 

In zone 3, the Southeast region, the entire 
area of Alabama, Georgia, Tennessee, and the 
eastern portion of Mississippi has been con
sidered as one district. Present power develop
ments are fairly well interconnected through 
existing transmission networks. This large 
district has at present nearly sufficient facilities 
to supply the estimated load with a. minimum 
of spare capacity under coordinated operation 
of all systems. Present capacity will be inade
quate, with normal reserve, by approximately 
100,000 kilowatts. The additional installa
tion necessary to· allow for growth leeway will 
be available with the completion of the Norris 
and Wheeler projects of the Tennessee Valley 
Authority. This may necessitate some shifting 
of loads and expansion of transmission net
works. 

n the system in northern Alabama and 
Tennessee is separated and not operated to 
supply power to the entire area, a surplus will 
be created in this northern section and a 
corresponding shortage in Georgia, southern 
Alabama, and eastern Mississippi. Adequate 
capacity apparently exists in Florida, while 
additional capacity of approximately 140,000 
kilowatts may be necessary in VIrginia and 
North and South Carolina. 

Deficits and Surpluses in Zone 4, Mountain 
and Plain States 

Deficits may be expected in the southern 
half of zone 4, Mountain and Plain States, with 
a surplus indicated for North Dakota and 
Montana, where excess capacity exists largely 
as a result of the reduced copper-mining activi
ties in this area. In the northern area the 
surplus is 16,000 kilowatts, and the deficit is 
61,000 kilowatts in the southern portion. 

Deficits and Surpluses in Zone 5, South 
Central RelUon 

Iil zone 5, Oklahoma and northern Texas 
will apparently require added facilities, while 
in southern Texas and Louisiana and eastern 
Arkansas there appears to be a surplus. 

Deficits and Surpluses in Zones 6 and 7, 
Pacific Northwest and Southwest Regions 

So~thern Idaho and Utah in zones 6-and 7 
are quite fully interconnected by transnussion 
lines. The present facilities in thi~ area are 
apparently sufficient to supply requirements 
under resumed industrial activities with normal 
spare capacity. Similarly, eastern Washing
ton, covering the major part of the upper Co
lumbia River Basin and northern Idaho have 
sufficient spare capacity to meet the loads to 
be expected. Completion of the Grand Coulee 
project will produce a surplus unless extensive 
new markets are developed. 

A shortage of approximately 50,000 kilowatts 
is indicated for the northwestern section of 
Washington in the Puget Sound area largely 
owing. to lack of _interconnection between the 
two separate groups of systems supplying that 
district. The Diablo project now under con
struction by the city of Seattle will meet the 
requirements of this area if a complete inter
change of power can be developed, or it Clin be 
supplied by additions to existing plants which 
could readily be installed. The power pro
ducing facilities of southern Washington and 
northern Oregon are estimated as insufficient. 
Pooling of power resources in this area would 
assist. The Bonneville project, however, now 
under construction will make available more 
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than sufficient capacity to meet the needs and 
can be enlarged as the load demands increase. 

The southern half of Oregon, which shows a 
surplus as a separate district, is interconnected 
through main transmission lines and the major 
system is obligated by contract to supply prac
tically the entire amount of this surplus of 
approximately 50,000 kilowatts to the system 
serving northern and central California. The 
area of southern Oregon and northern and cen
tral California are a single unit from the stand
point of power supply. With the return of 
industrial activities this total area would have 
approximately sufficient capacity to meet its 
load with: the minimum of stand-by facilities. 
On the basis of normal leeway capacity, how
ever, a shortage of approximately 100,000 kilo
watts-may be expected. 

Temporary relief in the way of additional 
capacity for northern and central California 
may be possible by interconnection with the 
systems serving southern California and by 
the use of Boulder Canyon power. Studies are 
being carried on to deternune this possibility. 
Unless this can be done, additional facilities 
will be required, presumably in the form of 
steam power, before any additional hydroelec
tric facilities can be developed. The State of 
California has perfected comprehensive plans 
covering what is known as the Central Valley 
Project, combining irrigation, navigation, flood 
control, and power. This project, which will 
take several years to complete, would meet for 
some time in the future additional requirements 
for power in this area. 

Southern California is supplied by two more 
or less separate systems, one operating at 50 
cycles and the other at 60 cycles. Were it not 
for the completion of the Boulder Canyon de
velopment by 1936 a definite shortage could 
be expected in this area. The estimated short
age with normal spare capacity is approxi
mately 200,000 kilowatts. Boulder Canyon 
development is contemplated to be completed 
in 1936 with the initial capacity of 370,000 
kilowatts. The completion of major transmis
sion lines by the Bureau of Power and Light 
of the city of Los Angeles and the use of the 
present transmission line built for construction 
purposes will transmit this' amount of capacity 

to the load centers in southern California. A 
total of 36 percent of the estimated output of 
Boulder Canyon is allocated to the pumping of 
water by the Metropolitan Water District from 
the Colorado River. The balance of the out
put is available to cover normal load growth 
in southern California, southern Nevada, and 
western Arizona. This source should be suffi
cient to meet the requirements for several years 
in the future. There are additional possibilities 
with the development at Parker dam site and 
OIl the All-American Canal now being con
structed. 

Development of power in Arizona is largely 
in the central section, the major development 
being in connection with irrigation in the Salt 
River Valley and with mining activities. The 
present capacity apparently will be inadequate 
if mining activities return to conditions of 
pre-depression magnitude. The distance from 
the _Colorado River makes doubtful the eco
nomical transmission of power to this area. 

Summary 

Present projects under construction will 
meet the immediate requirements of eastern 
Pennsylvania and New Jersey in zone 1, the 
requirements in zone 6, the Pacific Northwest, 
the southern part of zone 7, the Pacific South
west, and the central part of zone 3 including 
Tennessee, Alabama, and Georgia. Many of 
the areas where the greatest power markets now 
exist and where the demand will be most acute 
when industrial activity is resumed no not 
have at the present time specific projects under 
construction to meet the loads that will develop 
upon the resumption of pre-depression industrial 
activity. The installation -of a considerable 
part of the new capacity requiredcouid be 
avoided by the interconnection and coordina
tion of existing facilities. By this is not meant 
the mere physical interconnection of two or 
more separate systems, but proper coordina
tion and unified operation of the properties. 
The determination of the benefits derived from 
such interconnection and coordination requires 
studies of a highly technical nature. The Sur
vey is making such studies, the results of which 
will be published in due course. 



v. POWER PLANTS RECENTLY COMPLETED AND UNDER CONSTRUCTION 

There are at present 7 Federal projects, 
5 public district projects, and 3 major private 
utility projects involving electric-power pro
duction, construction of which is either actively 
under way or scheduled for the immediate 
future. Seventy-eight municipal projects are 
under construction, have been approved by 
the Public Works Administration, or have 
been completed since January I, 1934. 

The capacity and location of these projects and 
pl'obable date of completion are given in table 13. 

The Feder8.1 projects include: 

Initial Ultimate 
capacity capacity 

KllotoatU 
Boulder Canyon. I0Il8 7....................... 1370.000 
Orand Coulee. lOne •••••••••••••••••••••••••• 102.900 
Bonneville. lOne ••••••••••••••.•....••.••••••• 88, 000 
Norrta Dam. lOne 3........................... 100.000 
loa Wheeler Dam. lOne 11....................... 32, 000 
FoR Peck. lODe t............................. 60.000 

Kllotoalt .• 
11.317,600 

617.000 
fSO,OOO 
100,000 
256,000 
fOO,OOO 
38,000 Caspar Alcova.' lOne t........................ 26, 000 

1-----/----
Tote1................................... 765.900 3.168.600 

1 Rating at 100 percent power factor, .' 
, Project approvad. but not under construction Feb. 1. 1935. 

In addition to the above, power develop
ments are contemplated in connection with the 
All-American Canal, now under construction 

in southern California, consisting of 6 plants 
with total capacity of 65,000 kilowatts. 

The public district projects include: 

Red Bluff, zone 5 •.•.••.•••.•.....•.•...•• 
Buchanan Dam,l zone 5 .•.....••.....••••• 
Loup River, zone 4 •••••..•••••••••••••••. 
Sutherl~d, zone 4 .•..•••.•.••••..•••.•.•• 
Buzzard Roost,l zone 3 •..•.•.........••••. 

Kilowalt 
capacil, 

3,000 
20,000 
40,000 
24,000 
15,000 

Total •••...... __ .................. 102,000 

Parker Dam under construction by the Metro
politan Water District of Southern California 
will ultimately have installed 80,000 kilowatts. 
Time of installation is not definite. 

The largest municipal project is the Diablo 
hydroelectric plant of the city of Seattle, capac
ity 120,000 kilowatts. The other municipal 
power projects (table 13) represent relatively 
small plants or additions to existing plants 
averaging less than 3,000 kilowatts each. 
These smaller plants are in most instances not 
connected with the lJI.ajor systems considered 
in this report and do not assist in relieving the 
shortages in power discussed in section IV. 

1 Project approved. bnt not under construction Feb. 1. 1936. 

TABLIII 13.-Electric utility power-plant capacity completed since January, 1984, or under construction 

Zone RegIon 
Number C=ty Capacity now under construction and to be completed In-

Type or ownership orprojects plated In 1936 1938 1937 1938 1939 Tote1 
__ 1·---------+--------I---·1-..!19~3f:!-·1---r__------------

I I , Ii 8 7 8 • 10 
--1----------11--------1---1'--------1----------

KUowalla Kitowalla KllowatU ICllowatU Kllotoalla KllowatU KllowatU 
1 Northeast ••••••••••.••••••••••••• Municipal................. 8 16,000 24,000 •••.•..•.. .•••..•... ••••••.•.• .•.•...•.. 24,000 

PrI':a~~;~::~~~:::::::::: 1: ::~: !:~:~ ~==e:::===~ 
3 Middle West •••••••.•.••••••••••• Municipal................ fS 33,000 68,600:::=:=: .......... .......... .......... 68,600 

a Boutheast ........................ ::3~~~~:::::::::::::~ :::~~~: ... ~~~ ... ~;~~~: ~;;;;;;;; ==ii 
Public district............ 1 .......... .......... 16,000 .......... .......... .......... 15,000 

, Mounteln and Plein ............. ::j~~~~~:::::::::::: : .... ~~~ ..... ~~~. ::~~~~~: :::;;~~~:;;;;;;;; ~ 

• 

Public district............ 2 .......... .......... 64,000 .......... .......... .......... 64,000 
Municlpal ................ ~ 4,600 12,000 .......... .......... .......... .......... 12,000 

TOte1 ............... ~ 4,500 12,000 64,000 75,000 .......... .......... 151,000 
Boothwest ....................... PubUcdlstrlct............ 2 .......... .......... 23,000 .......... .......... .......... 23,000 

Total. United Btatee ....... 

3,000 
26,000 

370,200 
765,900 
102,000 
236.700 
164,000 

a;;:.~ote1............... 97 92,600 fSa. 700 604,000 161,000 .......... 102,900 1,298,600 

NOT •. -Capaclty completed In 19M not Inelndad In tote1 tor the 216 systems. 
31 
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Private power developments under construc
tion include 1 stea.m unit of 165,000 kilowatts 
in the Richmond plant of the Philadelphia 
Electric Co. There are 6 hydro plants, totaling 
59,000 kilowatts, of which 4 were completed in 
1934. In addition, there are certain other rela
tively large private power projects for which 

equipment was ordered prior to 1932 but on 
which construction work has been indefinitely 
postponed pending resumption of load growth. 
Many existing hydro plants have been designed 
so as to permit the installation of additional units 
and the capacities of these plants can be increased 
in relatively short periods when required. 



VI. UNDEVELOPED WATER POWER 

Sources of Information 

In conducting its studies of the undeveloped 
water-power resources of the United States, the 
National Power Survey has made full use of 
information obtained from other Federal agen
cies which have investigated and reported on 
potential water-power projects. Among the 
sources of information utilized are the Water 
Supply Papers and manuscript reports of the 
United States Geological Survey and the House 
Document 308 Reports of the Corps of Engi
neers, United States Army. To supplement 
the information available from Federal agen
cies, reports and data were obtained from 
private and municipal utilities, State author
ities and others. 

Summary of Data 

Although the work of analyzing and com
piling the data secured from the sources men
tioned above has not been completed, it is 
sufficiently advanced to permit a preliminary 
summary of the undeveloped water-power 
resources of the country. This summary is 
presented as table 14, showing by zones the 
number of undeveloped water-power sites, the 
estimated average annual output available 
from these sites, and an estimate of the capacity 
which would be installed in the event of their 
development. The method of presentation 
dift'ers somewhat from that used in other re
ports dealing with the same subject and has 
been adopted in order that the data may be 
easily compared with statistics relating to 
present capacity installation and power pro
duction. In estimating the installed capacities, 
consideration has been given to the character 
of the load to be supplied, the variation in 
stream flow, the possibility of storing water, 
and other factors. The values adopted are 
considered very conservative, especially in the 
case of zone 6, Pacific Northwest, and more 
detailed studies would probably show that they 
can be increased, unless the future use of elec
tric energy results in system load factors higher 
than past experience -indicates are to be -ex
pected. The kilowatt-hour outputs shown in 
the table are the average annual outputs ob-

tainable with the estimated flows and adopted 
installations. 

TABLIII l4.-Undeveloped water power in the United 
Statea 

Zone 
Region 

Estimated 
average 

Num· annual 
ber of output 
sites - 1,000 

kilowatt
hours 

Estimated 
Installed 
capaCity, 
kilowatts 

1-------'----1--------
3 

1 Northeast_____________________ 327 21,075,000 5,886,100 
2 Middle Wes!..________________ 234 13,203,000 3,604,600 
3 Southeast_____________________ 369 41,112,000 10,826,000 
4 Mountain and Plain.__________ 93 15,992,000 3,431,300 
5 Southwest_____________________ 83 6,301,000 1,522,900 
6 Pacific Northwest_____________ 528 114,200,000 15,664,000 
7 Pacific Southwest _____________ 

I 
__ 24_9 _1_83_,_800_, 000_

1 
__ 1..:1,_69..:4,_000_ 

Total ________ . __________ 1,883 275,683,000 52,628,900 

The tentative summary shown in .table 14 
should not be considered as precise or final. 
Adequate- field surveys of many of the streams 
studied are not available. In some cases the 
records of stream flow do not cover a sufficient 
length of time to permit reliable conclusions. 
At some sites the factors which determine the 
proper size of installation are unknown and 
can only be derived by· further and more ex
haustive studies. Every effort, however, has 
been made to have the figures presented rep
resent a sound but conservative estimate of 
undeveloped water power. Preliminary studies ' 
of other reports show that the development of 
many of the sites which they include probably 
cannot be economically justified. These sites 
have not been included in the figures presented 
in this report. It is possible that more com
plete study will show that additional sites 
should be eliminated from consideration. It 
is equally possible that more detailed informa
tion will show that the values of power output 
and capacity assigned to many of the sites 
which are included in the figures presented have 
been too conservative. 

Location of Undeveloped Water Power 

Of the total undeveloped water power of the 
United States as determined above, 64.6 per
cent is located in zones 6 and 7 and 22.5 percent 
in zones 1 and 3. The remainder, or slightly 
less than 13 percent, is scattered throughout 

33 
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zones 2, 4, and 5 which include the Mississippi 
'Basin area and the industrial region adjacent 
to the Great Lakes. Most of the undeveloped 
water power in zone 4, Mountain and Plain 

States, is located on the western slope of the 
Rocky Mountains and under present condi
tions is not available to the commercial and 
industrial centers of the Great Plain area. 

INDEX TO AREAS OF UNDEVELOPED WATER POWER SHOWN ON MAP, FIGURE 11 

Reference 
Number 
1. Penobscot River, MiLine 
2. Kennebec River, Maine 
3. Androscoggin 1pver, Maine, N. H. 
4. Saco River, Maine 
5. Merrimack River, N. H. 
6. Connecticut River, N. H., Vt., Mass., Conn. 
7. Missisquoi River, Vt. 
8. Lamoille River, Vt. 
9. Winooski River, Vt. 

10. Otter Creek) Vt. 
11. Housatonic River, Conn. 
12. Saranac River, N. Y. 
13. Ausable River, N. Y. 
14. Hudson River, N. Y. 
15. St. Lawrence River, N. Y. 
16. St. Regis River, N. Y. 
17. Raquette River, N. Y. 
18. Black River, N. Y. 
19. Genesee River, N. Y. 
20. Niagara River, N. Y. 
21. Delaware River, N. J., Pa. 
22. Lehigh River, Pa. 
23. Susquehanna River, Pa. 
24. West Branch Susquehanna River, Pa. 
25. Juniata River, Pa. 
26. Potomac River Basin, Md., Va., W. Va. 
27. Youghiogheny River, Md. 
28. Clarion River, Pa. 
29. Cheat River, W. Va. 

. 30. Kanawha and New Rivers, Va., W. Va. 
31. Au Sable River, Mich. 
32. Manistee River, Mich. 
33. Muskegon River, Mich. 
34. St. Joseph River, Mich. 
35. Wabash River and tributaries, Ind. 
36. Pigeon River, Minn. 
37. Rainy River, Minn. 
38. Vermilion River, Minn. 
39. Little Fork River, Minn. 
40. Big Fork River, Minn. 
41. Brule, Devil Track, Cascade, Poplar, Temperance, 

Baptism, Manitou and Beaver Bay Rivers, 
Minn. 

42. St. Louis River, Minn. 
43. Sturgeon River, Mich. 
44. Ontonagon River, Mich. 
45. Montreal River, Mich., Wis. 
46. Bad River, Wis. 
47. Menominee River, Mich., Wis. 
48. Peshtigo River, Wis. 
49. Oconto River, Wis. 
50. Wolf River, Wis. 
51. Fox River, Wis. 
52. Wisconsin River, Wis. 

Reference 
Number 
53. Chippewa and Flambeau Rivers, Wis. 
54. Black River, Wis. 
55. St. Croix River, Wis., Minn. 
56. Mississippi River above St. Paul, Minn. 
57. Rock River, Ill., Wis. 
58. Cedar River, Iowa. 
59. Iowa River, Iowa. 
60. Des Moines Riverj Iowa. 

·61. Illinois River, Ill. 
62. Gasconade River, Mo. 
63. Rappahannock River, Va. 
64. James River, Va. 
65. Roanoke River, Va. 
66. Cape Fear River, N. C. 
67. Yadkin~Pee Dee River, N. C. 
68. Wateree River, S. C. . 
69. Broad River, N. C., S. C. 
70. Saluda River, S. C. 
71. Savannah River, S. C., Ga. 
72. Alt&maha River Basin, Ga. 
73. Chattahoochee River, Ga., Ala. 
74. Alabama River Basin, Ga., Ala. 
75. Warrior River, Ala. 
76. Tombigbee River, Ala., Miss. 
77. Pearl River, Miss., La. 
78. Tennessee River Basin, Ky., Tenn., ~iss., Ala., 

Ga., S. C., N. C., Va. 
79. Cumberland River, Ky., Tenn. 
80. Green River, Ky. 
81. Kentucky River, Ky . 
82. Big Sandy River, Va. 
83. Missouri River, S. Dak. 
84. Upper Missouri River Basin, Mont. 
85. Gallatin River, Mont. 
86. Madison River, Mont. 
87. Jefferson River, Mont. 
88. Upper Yellowstone River, Mont., Wyo. 
89. Big Horn River, Mont. 
90. Tongue River, Mont. 
91. Cheyenne River, S. Dak. 
92. Snake River, Wyo. 
93. Clark Fork and Flathead Rivers, Mont. 
94. Kootenai River, Mont. 
95. North Platte River, Wyo., Colo. 
96. South Platte River, Colo. 
97. Platte River, Sutherland and Tri County Projects 

Nebr. 
98. Platte River near mouth, Nebr. 
99. Green River, Colo. 

100. Upper Colorado River, Colo. 
101. Dolores and San Miguel Rivers, Colo. 
102. Arkansas River, Colo. 
103. Current River, Mo. 
104. White River, Mo., Ark. 
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BeIanm .. 
NWDber 
105. Grand River, Olda. (Arkall8&9 Basin) 
106. Ouachita River, Ark. 
107. Bed River, La., Ark., Tex., Okla. 
108. Calcasieu River, La. 

'109. Brazos River, TeL 
110. Guadalupe River, Tex. 
Ill. Rio Grande at Elephant Butte, N. Mex. 
112. Upper Rio Grande, N. Mex. 
113. Priest River, Idaho. 
114. Clark Fork, Wash. 
115. Columbia River and tributaries, Wash., Oreg. 
116. Snake River and tributaries, Wash., Oreg., 

Idaho, Nev. 
117. Yakima River, Wash. 
I1S. Cowlitz River, Wash. 
119. Willamette River, Oreg. 
120. Puget Sound Basin, Wash. 
121. Rogue and Umpqua Rivers, Oreg. 
122. Klamath and Trinity Rivers, Oreg., Calif. 
123. San Joaquin and Sacramento Valley, Calif. 
124. Humboldt River, Nev. 
125. Truckee, Carson River, Nev. 
126. Provo River, Utah. 
127. Green River and tributaries, Utah. 
12S. Colorado River above Grand Canyon, Utah. -
129. Gila River, Ariz., N. MeL 
130. Colorado River below Grand Canyon, Ariz., Nev. 
131. Colorado River at Parker Dam, Ariz., Calif. 
132. All America Canal, Calif. 
133. Little Colorado River, Ariz. 
134. Salt River, Ariz. 

• 135. Verde River, Ariz. 
136. Agua Fda River, Ariz. 
137. Hassayampa Creek, Ariz. 
13S. Colorado River in Grand Canyon, Ariz. 

Figure 11 indicates pictorially the relative 
location of the principal undeveloped water 
power resources and important load centers. 
The areas of the shaded portions which desig
nate the location of the water-power resources 
bear no relation to their magnitude. The 
following statistics and text describe in further 
detail the undeveloped power possibilities of 
the major streams of each zone. 

Zone 1, Northeast ReJUon 

The 10 rivers of this zone having the largest 
potential undeveloped power resources, ar
ranged in the order of magnitude, are: 

Reference number 
on map, fig. 11. 

Ell/maud •• .,..g. 
annual output, 

th ..... nd kllow.tt· 
houTl 

15. St. Lawrence ________________ ~ ____ _ 

23.} 
24. Susq~ehanna----------------------
25. 
~~:} Delaw&re ________________________ _ 

6. Connecucut ______________________ _ 
2. Kennebec _____________ -<" __________ _ 

5,724,000 

3,366,000 

1,530,000 

1,274,000 
I,OS2,OOO 

26. Potomac (in Maryland. See also 
zones 2 and 3) __________________ _ 

20. Niagara _______________________ ~ __ 
1. Penobscot ________________________ _ 
3. Androscoggin ____________________ ._ 

IS. Black (in New York) _________ ~-----

1,053,000 
870,000 
742,000 
734,000 
680,000 

---~ 

Total,10 streams ____________ 17,055,000 
Total for zone _______________ 21,075,000 

The potential energy from undeveloped water 
power in the first 4 of the above streams repre
sents 56 percent of the total ,available in the 
zone. The output figure shown for the St. Law
rence represents that portion of the total avail
able energy in the International Section, which 
would be allocated to the United States. The 
output shown for the Niagara represents energy 
which could be produced by developing addi
tional head at Niagara Falls, utilizing the flow 
now allocated to the United States by treaty . 
These two major projects would provide large 
blocks of power at very high capacity factors. 
The majority of the remaining sites are adapted 
to the carrying of peak loads. Practically all 
developments are within transmission distance 
of load centers. 

Zone 2, Middle West ReJUon 

The streams in the eastern section of this 
zone lie in a coal producing area where steam
generated power can be obtained at low cost, 
making difficult the justification of water
power plants except for peak power purposes or 
for power development incidental to .flood con
trol or improvement of navigation. The 10 
rivers of this zone, having the largest potential 
undeveloped water power resources; arranged 
in the order of magnitude, follow. 
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Reference no. 
on map, IIg. 11. 

Eotlmated aoer/lfl' 
atltlual output, 

/hou.atld kilowatt· 
hou .. 

80. Kanawha (in West Virginia. See also zone 8) ________________________ _ 

29. Cheat (Monongahela Basin) ________ _ 
26. Potomac (in West Virginia. See also 

zones 1 and 8) __________________ _ 
2S. Clarion (Allegheny Basin) __________ _ 
85. Wabash _________________________ _ 

104. White (in Missouri. See also zone 
5) ________ \ ___________________ _ 

:::} Iowa ____________________________ _ 

47. Menominee ______________________ _ 
62. Gasconad~ (Missouri Basin) ________ _ 
56. Upper Mississippi (above Cairo, Ill.) __ 

4, 743, 000 
1,525,000 

SOI,OOO • 
629,000 
472,000 

448,000 

888,000 

876,000 
860,000 
857,000 

Total, 10 streams_ _ _ _ _ _ _ _ _ _ _ 10, 094, 000 
Total for zone ______________ 13,208,000 

Zone 3, Southeast Region 

The 10 rivers of this zone having the largest 
potential water-power resources, arranged in 
order of magnitude, are: 

Estimated aDerage 
atltlual output 

Reference number thouBatld kilowatt· 
on map. IIg. 11. llour. 
78. Tennessee _________________________ 23, 800, 000 
79. Cumberland ______________________ _ 
71. Savannah ________________________ _ 

~~:}santee----------------------------
80. New (Kanawha Basin. See also zone 2) 
65. Roanoke _________________________ _ 

26. Potomac (in Virginia. See also zones 
1 and 2) _______________________ _ 

;:: Jwarrior and Tombigbee ___________ _ 

67. Yadkin-Pee Dee __________________ _ 
78. Chattahoochee ___________________ _ 

8,850,000 
2,015,000 

1,416,000 

1,832,000 
1,815,000 

1,163,000 

1,187,000 

1,082,000 
755,000 

Total, 10 streams ____________ 87,815,000 
Total for zone _______________ 41,112,000 

The Tennessee Basin is by far the most 
important source of water power in this area, 
having a potential undeveloped output repre
senting 58 percent of the total available in the 
zone. The figure given shows the output 
which could be obtained by a comprehensive 
development of the Basin and includes the es
timated output of those projects under con
struction and proposed by the Tennessee Valley 
Authority. On some of the streams in this 
zone development will involve navigation and 
flood control, as well as power production. 

Zone 4, Mountain and Plain States Region 

This zone extends over a very large area of 
the western Mississippi Valley. Practically 85 
percent of the water-power possibilities are 
located in the northwestern portion of the zone 
on the Missouri River and its tributaries, and 
on the upper headwaters of the Columbia River 
and the Colorado River in the Rocky Mountain 
area. Few power possibilities exist in the east
ern and southern section of the zone where the 
major commercial and agricultural activities 
are located. The distance between the major 
water-power resources and the markets of the 
eastern section of the zone are beyond present 
economic transmission limits. 

The streams of the zone arranged in the 
order of the magnitude of their potential power 
resources are listed below: 
Reference 

nO.OD 
map, IIg. 11 Eotlmate" aD .. ag. 

84.} . /h::''!:'J :;a~. 
85 llou .. 
86: Upper MissourL __________________ 4,78S;000 

87. 

:::jupper Columbia__________________ 8,804,000 

88. . 
:~: Yellowstone ____ .__________________ 3,275,000 

99.} 100. Upper Colorado and Green_________ 2,157,000 
101. 

:~:}Platte--------------------------- 1,239,000 

98. 
92. Snake (Columbia Basin) __________ _ 

102. Arkansas (above Wichita. See also 
zone 5) _______________________ _ 

91. Cheyenne _______________________ _ 

571,000 

103,000 
55,000 

Total for 8 streams __________ 15,992,000 
Total for zone ______________ 15,992,000 

Zone 5, South Central Region 

This is a relatively minor water-power zone, 
having but 2.3 percent of the total ~developed 
water power of the United States. Much of 
the future development of water power in this 
area will be in connection with navigation, 
irrigation and water supply, or flood control. 
The Red and White Rivers account for about 
65 percent of the potential energy output of the 
zone. Many of the potential developments are 
remote from any existing load center. 
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The streams of the zone arranged in the order 
of magnitude of energy possibilities are: 

~-11/1 ...... "'" 
Relenm... DIll".", uaou.. 

no. on •• nd kUoIDoU-
map, fIg.n /Jourl 107. Red ______________________________ 2,391,000 

104. White (in Arkansas. See also zone 2) _ I, 739, 000 
105. Arkansas (below Wichita)___________ 770,000 

!!~' lRiO Grande (above El Paso)________ 603,000 
106. Ouachita _________________________ ~ 325,000 
109. Brazoe____________________________ 295,000 

110. G~upe.----------------------- 136,000 108. ~C8Bmu_________________________ 42,000 

Total, 8 streams _____________ 6,301,000 
Total for zone _______________ 6,301,000 

Zone 6, Pacific Northwest Region 

In the Pacific Northwest region is found the 
combination of relatively high mountains and 
heavy precipitation. In this zone, comprising 
Washington, Oregon, and Idaho, 41.4 percent 
of the undeveloped hydro energy of the Nation 
is located, representing a total of appro~ate1y 
114 billion kilowatt-hours annually. The 
major portion of the power that may be devel
oped is located in the Columbia River Basin. 
This basin includes all of eastern Washington 
and with its major tributaries, the Clark Fork, 
Snake, Willamette, Cowlitz, and Lewis Rivers, 
is potentially the largest water-power producing 
area in the United States. On this stream are 
now being constructed the Bonneville and 
Grand Coulee projects, which when developed 
to their ultimate capacity will have an installed. 
capacity of 2,312,000 kilowatts and a potential 
annual output of 15 billion kilowatt-hours, 
which is included in the summaries throughout 
this section of the report. Considerable power 
has already been developed on the Spokane 
and Chelan tributaries and on the Snake River 
in Idaho. 

The major basins of the zone arranged in 
order of the magnitude of undeveloped water' 
power are listed below: 

Edi maud /IIICI'. 
Releren ... number av' ... ""," 

on map, fig. 11 Oulpul,l/aouo 

113.} .. nd':"'OO:aU. 
114. Columbia,lncluding tributaries above 
115. PorUand _________ ~ _____________ 62,700,000 

117. 
116. Snake River and tributaries ________ 17,510,000 
120. Puget Sound Basin ________________ 10,760,000 
119. Willamette BaSin_________________ 6,530,000, 
118. Cowlitz River____________________ 3,270,000' 

Total,S baains ____________ 100,770,000 
Total for IOnc _____________ 114, 200, 000 

Zone 7, Pacific Southwest Region 

The undeveloped water-power resources in 
this zone comprise 23.2 percent of the total for 
the United States. These resources are located 
in two major basins-the Colorado River Basin, 
located mainly in Utah, Arizona, southern 
Nevada, and southeastern California, and the 
San Joaquin-Sacramento Valley Basin located 
in northern and central California. 

The resources in the Colorado River Basin 
are located chiefly on the main stream, extend
ing from Yuma, Ariz., at the'southern end to 
the main branches of the Colorado in Utah. 
There are four sites within the Grand Canyon 
National Park in Arizona which account for 7.3 
billion kilowatt-hours of the total estimated 
annual output of power potentialities of the 
basin. The output of the Boulder Canyon 
development, approaching completion, with a 
total ultimate capacity of over a million kilo
watts and an output of approximately 5 billion 
kilowatt-hours per annum, has been included 
in the sutnmary. The potential developments 
at the Parker Dam site and on the All-American 
Canal are also included. The potential power 
resources in this area. are 200 or more miles from 
present major load centers. 

Undeveloped resources of the San Joaquin
Sacramento basin are located in the streams on 
the west slope of the Sierra Nevada mountains. 
The major power streams within this basin are 
the Pit, Sacramento, Feather, Yuba, American, 
San Joaquin, and Kings. Distance to load 
centers varies from 100 to 250 miles. 

The potential undeveloped resources of this 
zone by major basins in order of magnitude are: 

Re!eren ... number 
on map, fig. 11 

126--137 incl. Colorado Basin (outside of 
Grand Canyon Na.tional Park) ____ 21,900,000 

138. Colorado Basin (inside of Grand Can-
yon National Park)_____________ 7,300,000 

123. Sall Joaquin-Sacramento Basin _____ 17,470,000 
122. Klamath and Trinity Basin ________ 10,150,000 

• Total ______________________ 56,820,000 
Total for zone ______________ 63,800,000 

Relation of Undeveloped Water-Power Re
sources to Present Requirements 

The relative magnitude of undeveloped water
power resources and present power require-
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ments varies widely in the several zones. 
Tables 15 and 16 have been prepared to show 
this variation. Table 15 compares the esti
mated average annual energy available from 
undeveloped water power in each zone with the 
energy produced in the same zone in 1929 by 
the 215 major electric utilities of· the United 
States. Table 16 is a similar comparison of the 
estimated potential capacity of undeveloped 
water power willb. the 1934 installed capacities 
of the same utilities. 

The first of these tables shows that although 
more than 65 percent of the total 1929 energy 
production took place in zones 1, Northeast 

power. The same conditions obtain in the 
eastern portions of zones 4 and 5, Mountain 
and Plain States and Southwest regions. The 

. power requirements of zone 3, Southeast region, 
may continue as at present to be supplied 
largely from water-power plants, generation in 
fuel-burning plants being limited in general to 
the amount necessary to supplement hydro 
energy in periods of drought and to provide for 
most economical operation of power systems. 
Similar. condit.ions may be experienced in 
z~nes 6 and 7, Pacific Coast regions. 

In those zones in which relatively large loads 
have been developed and the predominant 

TABLlII IS.-Comparison 0/ estima!ea annual output 0/ unalllJelopea water power in the United States with 1929 power 
proauction 0/216 major electric utilities 

1929 hY~lrodUO- 1929 total production Estimated average annual output 
nnd.v.loped hydro 

RegIon Percent Percent Percent Percent of-
Zone 1,000 kDo- of United 1,000 kilo- of United 1,000 kDo- of Unitedl----.-

watt-hours Stales watt-hours Stales watt-hours Stales 1929 hy. 1929 total 
total tot&! total elro pro- prodno-

I 

1 Northeast ______________________________________________ 8, 795,080 
2 Middle West ____________ , ______________________________ 3,611,416 
3 

Southeast _______________________________________________ 
6,830,733 

4 
Monntaln and PI8In ____________________________________ 

1,788,010 
5 

Southwest ______________________________________________ 
66,805 

6 
Paolflo Northwest ______________________________________ 

3,472,967 
7 Paclflo Southwest.. ______________________________________ 6, 713, 394 

Total _____________________________________________ 81,178,404 

region, and 2, Middle West region, the undevel
oped water-power resources located in those 

. areas could produce only 12.4 percent of the 
nation's potential undeveloped water-power 
energy. In contrast with this situation the 1929 
energy production in zone 6, Pacific Northwest, 
was only 5 percent of the United States total 
(215 major companies) while 41.4 percent of 
all the potential energy available from unde
veloped water power in the United States could 
be produced by projects located in that area, 
The corresponding figures for zone 7, Pacific 
Southwest, are 10.6 percent and 23.2 percent, 
respectively. 

The potential energy available from unde
veloped water power projects in both zones 1 
and 2, Northeast and Middle West regions, is 
less than the 1929 requirements of those areas. 
It is probable that a large percentage of the 

ductlon tlon 

• 4. I • 7 8 • 
28.20 26, 463, 2Ii3 80.29 21,076,000 7.66 240 79 
11.27 so. 667, 200 35.12 13, 203, 000 4,77 376 43 
21.92 8, 758, 008 10.04 4l, 112,000 14,90 602 ~ 
6.74 3, 392, 223 3.89 16,992,000 5. 79 894 471 
.22 4, 614, 643 5.18 6, 801,000 2.29 9,432 140 

11.12 4,238,401 4,86 114, 200, 000 41.40 3,288 2,696 
21.63 9,261,279 10.63 63,800,000 23.20 950 689 

100. 00 87,296,017 100.00 275, 683, 000 100. 00 884 316 

power requirements of both these regions will 
always be developed by other means than water 
s!>urce of energy is the fuel-burning plant, the 
construction of new water-power facilities ca.n 
often be more easily justified than in zones of 
lesser development where energy from water 
power predominates at the present time. The 
annual load growths of the larger systems permit 
0. more rapid utilization of new water power 
installations and a. large proportion of capacity 
in fuel-burning plants presents favorable con
ditions for absorption of hydroelectric energy 
because of the possibility of substituting that 
type of energy for energy which would other
wise be produced in the fuel-burning plants. 
These factors are of especial importance in 
their bearing on the economic feasibility of 
large water-power projects such as the proposed 
St. Lawrence development. 
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TABLB 16.-Comparison of e&timated capacity of undeveloped water power in the United State8 with 1994 in8talled 
capacity of t1S maJor electric utilitie& 

Zone 

I 
Northeast •••••. ________________________________________ 

2 
Middle West •••• _______________________________ . _______ 

3 
Bou~ _______________________________________________ 

4 Mountain aDd Plain.. ____________________________ • ______ 
6 

SOUthwest ____________________________________ , _________ 

e PaellIo Nortbwest ______________________________________ 

7 
PaeI1Io SOuthwest _______________________________________ 

TotaL ____________________________________________ 

InstaUed hydro Total Installed capao. Estimated potential capacity undevel· 
capacity Ity oped hydro 

Percent Percent 
KIlowatts of B~':!,.ted KIlowatts "f B~':!,.ted 

total total 

I I , i 

2,426,000 27.0 10,430,000 33.0 
1,096,000 12.3 10. 416, 000 33.0 
2,099,000 23.4 3,620,000 11.4 

344, 000 3.8 843,000 2.7 
93,000 LO 1,765,000 6.6 

1, 183, 000 13.1 1,676,000 6.0 
1, 746,000 19.4" 2, 938,000 9.3 

8, 986,000 100.0 31,688,000 100.0 

Percent Percent 01-
KIlowatts I<>f United 

Btat!r' InstaUed T~e~' 
to hydro capacity 

• 8 • ------
6,886,100 11.2 242 66 
3,604,600 6.8 329 36 

10,826,000 20.6 616 2Il9 
3,431,300 6.6 996 407 
1,622, 900 2.9 1,638 86 

16, 664, 000 29.8 1,323 994 
11,694,000 22.2 670 398 

62,628,900 100.0 686 186 

Nou.-InstaUed capacities shown for each power region dlfter slightly from thOse shown In table I, as the boundaries of the selected power districts do 
DOt In all cases ooutorm exactly to sone boundaries. 



VII. FUEL RESOURCES 

By far the greater part of all electric energy 
generated in the United States is produced in 
fuel-burning plants. Figure 12 shows the rela
tive amounts of electric energy generated in 
water-power and fuel-power plants for public 
use in the period 1919 to 1934, inclusive. In all 
these years excI\Pt two, 1932 and 1933, power 
generated in fuer plants 'exceeded 60 percent of 
the total. In these 2 years the decrease was 
probably due to dropping off in· total output 

FI011RJ: 12.-Annual production of electric! ty for publlo use In the United 
States, 1887-11134. 

with a fairly constant output from the water
power plants. 

While comparable figures for industrial 
plants producing power for their own use are not 
available, it would appear that, according to 
the 1929 Bureau of Census reports, of the total 
installed horsepower of 20,155,397 falling in this 
class, only 1;559,618 horsepower, or 7.7 percent, 
represented the installed capacity of water
driven units, the remainder of 92.3 percent 
requiring the use of fuels. 
. All fuels can be used in producing power with 
equal facility. They thus compete one with 
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another solely on price and comparative invest
ment in fuel-burning equipment. In the great 
industrial area lying east of the. Mississippi 
River and north of the Ohio and Potomac 
Rivers, where 70 percent of the electricity of 
the country is produced, and including in its 
boundaries the major portion of the great 
Appalachian coal fields, coal is the predominant 
fuel. 

. The Southwest and the Pacific coast depend 
on oil and gas for their fuel. Along the At
lantic seaboard large quantities of oil are used, 
due to low water-transportation rates, but coal 
is also the important fuel in'that area.' 

The distribution of use of fuels in .utility 
power production for 1933 by zones is indicated 
in table 17. 

Coal 

Of the three natural fuels available, coal, 
oil, and gas, coal is the most abundant. It is 
found in mineable quantities in 31 States. 
Reserves are estimated at over 3,000 billion 
tons, of which only 25 billion have been mined. 
There are many kinds of coal with many diverse 
characteristics ranging from the graphitic an
thracites, which have little or no fuel value, 
through the true anthracites, bituminous, 
lignites, to the youngest peat deposits. 

There are three deposits of anthracite in the 
United States of commercial value, the largest 
of which is in eastern Pennsylvania. The 
other two are located in Colorado and New 
Mexico, and in Alaska. The only one of these 
deposits of importance in the production of 
power is the Pennsylvania field. There are 13 
electric utility steam plants burning anthracite 
and using from 1,600,000 to 2,000,000 tons per 
year. Ten of these are within the limits of 
the Pennsylvania field and burn approximately 
81 percent of the total used. Additional 
quantities are also burned in industrial power 
plants within this area and along ~e north
eastern seaboard and by the coal' producers 
themselves, but there are no data available 
as to these quantities. For the past decade 
the general trend of. anthracite production 
has been downward. From a production of 
93,339,000 tons in 1923, output declined to 
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73,828,000 tons in 1929 and 49,541,000 tons in 
1933. Its competitive position in the power 
field has been greatly weakened by the low 

est production and the best quality of coals are 
found. It is in this area, also, that coal finds 
its greatest use as a power-producing agent. 

TABLE 17.-Consumption of fuels in the production of electricity for public '118e in the United State8, 1933 

[Taken from United States Geological Survey Bulletins) 

Region 

Zone 

Coal 

Perceut 
Sbort tons 01 ~t!:d 

total 

a 

011 

Barrels 

Natural gas 

Percent Percent 
olUnited Tbousand olUnited 

States cubic I .. t States 
total total 

• 

! ~;~~~_~---:~:~~_-l-~::--~::~-::::::--l~:l~--~ll---_~_~_f_!=-_~ _____ f:_::_::_1_::I_~:I-_:_tf:_=-\i-l __ :_l_I~ _____ :_~:...t_~:"'~_:~-If---_-:_--_~_:! 
CCooalai eeq~uui°tv:la1';'~en'rt 0ot;l~co~nst:Uume~iidd-Ogasii:_:_:_:: __ ::_: __ :: __ ::_:_:_=_:_=_-_- -_-:_:_:_:_:_:_=_=_=_-_-_::_:_:_:_:_:_:_:_:_ ~ ~~: 8:l& ----~~~~- ----~~~~- ----~~~~- --~~~~~- -----~~~~ 

4,120,000 __________ ------ ________ ---------- -----~-------- ----------
Grand total_____________________________________________________ 37,162, 000 _________________________________________________________ _ 

NOTB_-ID computing coal equivalents 01 consumed 011 and gas the lollowing conversion !actors adopted by the Division 01 Power Resources, Water 
Resources Brancb, United States Geological Survey, were used: 

4.<XI bbl. oil equivalent to 1 ton 01 coal. 
24,900 cu. It. gas equivalent to 1 ton 01 coal. 

prices of other fuels prevailing in recent years. 
No great increase in use of anthracite coal as a 
source of central-station power may be expected. 

The most important coal from the power 
standpoint is that classified as bituminous. It 
occurs in 5 principal fields with a total area of 
about 200,000 square miles. These 5 fields 
are generally indicated on Figure 13. The 
Appalachian field, with an area of about 70,000 
square miles, extends in a general southwesterly 
direction from the western end of Pennsylvania 
through Ohio and West Virginia, eastern Ken
tucky, Tennessee, and northern Alabama. 
The northern interior field is located in the 
State of Michigan, and has an area of about 
11,000 square miles. The eastern interior field 
runs in a southeasterly direction through Illi
nois, southwest Indiana, and western Ken
tucky. The western interior field runs in a 
southerly direction from Iowa through eastern 
Kansas, western Missouri, eastern Oklahoma, 
and western Arkansas. The southwest interior 
reaches in a southwesterly direction across the 
State of Texas, starting in the southern part of 
Oklahoma. 

In a very general way, these coals become 
poorer as one travels from east toward the west. 
In the area. east of the Mississippi River, and 
particularly in the Appalachian field, the great-

Steam-electric plants. have usually been con
structed near the load centers in order to mini
mize cost of transmission. In some cases where 
ample supplies of condensing water and coal are 
found adjacent to a concentrated load, plants 
have been established at mine 'mouths. . This 
has happened principally in Pennsylvania and 
in the Ohio River Valley. A few plants located 
on the Susquehanna River near the anthracite 
fields have easy access to the coal fields and the 
mines, thus avoiding the long haul on low-grade 
fuel. Some conspicuous examples of steam 
plants located at or near bituminous mines are 
the Colfax and Springdale plants on the Alle
gheny River near Pittsburgh, the Windsor and 
Philo plants in Ohio, and the Dresser plant on 
the Wabash River near Terre Haute. In 
general, however, the fortunate combination of 
load, condensing water, and coal is rarely 
found. 

Reduced coal consumption per unit of electric 
output has further strengthened the position 
of the steam-electric plant located at the load 
center against the mine-mouth plant. Using 
less fuel per unit obviously decreases the burden 
of transportation cost per unit. Based on 
present efficiencies of large steam-elecmc power 
stations and future possibilities of increasing 
their efficiencies, thus further reducing the coal 
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required to produce a kilowatt-hour of elec
tricity, and on the large investments required 
for transmission lines, generally speaking it will 
cost less to haul the fuel to plants located near 
the load centers than to transmit the energy 
from mine mouth to plants. 

Coal will probably continue to be:the main 
source of fuel power in zone 1, Northeast 
region, and zo~e 2, Middle West region. Low 
cost of coal in zone 2, plus the limitation in 
potential water power, are controlling factors. 

on 
The principal petroleum deposits thus far 

developed are in Pennsylvania and the States 
immediately south and west along the Appa
lachian range, in Oklahoma, in Texas, and in 
California. Figure 14 shows the location of 
oil and gas fields and the main pipe lines of the 
United States. As a power-producing fuel 
for the production of electricity, oil now ranks 
below natural gas. 

The major part of the oil used for fuel in 
power plants is a refinery byproduct, commonly 
known as "Bunker C", remaining after some of 
the lighter fractions have been reclaimed by 

distillation, although some crude oil is used in 
areas adjacent to the oil fields. Known oil 
reserves are being rapidly depleted, which with 
control of production should increase prices, 
thus weakening its competitive position with 
other fuels in the production of power. 

Natural Gas 

The third of the important fuels is natural 
gas, although it represents a very small propor
. tion. of total fuels used in the production of 
power. It is an ideal fuel from the standpoint 
.of flexibility of operation and simplicity and 
low cost of equipment used to burn it. Until 
recently, it was used principally for steam mak
ing in the areas adjacent to the natural-gas 
fields; however, developments in the art of 
producing and laying gas mains for long dis
tances have brought natural gas into the indus
trial areas in greater quantities than the domes
tic market, which is the principal market, can 
absorb, particularly during summer months. 
This has brought about its use in increasing 
quantities in steam-power plants at great 
distances from the gas fields. The quantities 
used in each zone are shown in table 17. 
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TOTAL FOR THE U.S. 

PRODUCTION OF . COAL, OIL AND NATURAL GAS BY STATES IN 1929 
REDUCED TO A COAL EQUIVALENT BASIS- TONS 
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937,437.679 TONS (EXPRESSED AS COAL EQUIVALENT) 
(ALASKA INCLUDED ABOVE- 100,610 TONS) BASED ON DATA FURNISHED BY THE U.S. BUREAU OF MINES 
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VIII. RELATION OF WATER AND FUEL POWER 

Factors Affectinl1 Development of Water 
Power. 

The location and extent of the Nation's 
undeveloped water-power resources have already 
been discussed in this report. From a com
mercial standpoint the question of utilization 
of these resources involves a study of the com
parative economics of water and fuel power. 

In many cases features other than the 
development of power, such as flood protection, 
navigation, irrigation, and water supply or 
public policy may dictate the construction of 
projects involving the development of water
power resources. In these cases power may be 
more or less incidental or & byproduct. How
ever, the value of the power thus produced, and 
therefore· the extent to which power may assist 
the financing of the development, will in gen
eral be measured on the comparative economic 
merits of water and fuel power. 

The primary objective in supplying the 
power requirements of a system is that of 
producing power from dependable sources at a 
minimum cost. When additions to the system 
generating facilities are contemplate~ and both 
fuel power and water power are available, the 
selection of one or the other or a combination 
of both is governed by the requirement that the 
added capacity when combined with existing 
facilities must result in lowest production cost. 

Water Power Is Both Competitive and 
Complementary 

In some sections of the country, particularly 
certain sections in the Middle West, conditions 
unfavorable to economical development of water 
power have resulted in systems comprising for 
the most part fuel-burning plants. Where l~e 
power loads exist, steam-power plants predoIDl
nate; while in the case of smallerisolatedcommu
nities internal-combustion-engine plants have 
been found best adapted to service. In other 
sections, such as those served by the W ~h
ington Water Power Co. and Montana Power 
Co., the sole source of power is from water
power generating plants. More generally, how
ever, where fairly large loads exist, lowest 
system generating costs have been found to 

result from a cOmbination of the two sources 
of power. Steam facilities predominate in some 
cases, while in others the bulk of the generating 

. equipment is in water-power projects. The two 
sources of power are, therefore, in one sense 
competitive and in another complementary. 

The determination of the economic advan
tage of one or the other source of power is 
dependent on the inherent -characteristics of 
each which affect their costs and value to 
a power system. While these characteristics 
are more or less fixed, the conditions to which 
they must be applied, such as size and type 
of the load to be served, the cost of money 
and fuel, are constantly fluctuating. The 
changing nature of the problem makes it 
impossible to evaluate an undeveloped water
power project except for a certain set of con
ditions. Thus a project which cannot be jus
tified from 'a cost standpoint today, may under 
conditions obtaining at some future date be 

. found to be economical. 
The value to a system of any additional 

source of power lieS in the dependable capacity 
in kilowatts ·which that source will add to the 
system and its capability to produce kilowatt
hours which can be .absorbed by and will 
meet the requirements of the load to be served. 
Aside from matters of broad public policy, 
the determination of whether water-power or 
steam plants should be constructed to meet 
the requirements of a given territory, necessi
tates the evaluation of many factors involving 
the characteristics of each source of power, 
the demand and characteristics of the load, and 
the resulting relative net· costs. The definite 
answer to the question of which source of 
power should be developed requires, therefore, 
detailed knowledge of the facts in each case. 

In order to assist in the better understanding 
of this important question, a general discussion 
of the major characteristics of water-power and 
fuel-power developments with a brief statement 
of the important differences follows. 

Important Characteristics of Water-Power 
Plants 

Most of the undeveloped water-power sites 
are located in sparsely settled territory, and in 
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general will require relatively long transmission 
lines, unless certain industries find it more 
economical to construct their new plants at 
or near the water-power sites rather than to 
expand their existing plants or locate at present 
industrial and commercial centers. 

Water-power plants must be located where 
stream How, head, topography, and geological 
conditions are. found favorable. Although 
there are excePtions, suitable sites are seldom 
found near large metropolitan centers. Most 
of the existing and potential water-power 
developments on the Pacific coast and recent 
developments in New England are from 50 to 
250 miles from centers of present developed 
power markets. The Pit River plants of the 
Pacific Gas & Electric Co., for example, are 
220 miles from San Francisco, while the Lee
vining Creek plant of the Southern Sierras 
Power Co. is 330 miles from San Bernardino. 
Boulder Canyon is 270 miles from the center 
of the developed market which it is to serve. 
In New England the Comerford plant of the 
New England Power Association is 150 miles 
from its principal markets in Massachusetts. 
Even in the southeast region fairly extensive 
transmission lines must be built to dispose of 
the output of major projects. 

The cost of water-power projects is difficult 
of determination without detailed information 
requiring very exhaustive field surveys. The 
cost per kilowatt of capacity ranges between 
wide limits.' The lower limit seldom drops 
below $100 per kilowatt; the upper limit is 
fixed by the value of the power to be produced. 

A lll.rge part of the investment in a water
power project represents the cost of such basic 
elements as land, access to site, rights-of-way, 
dam, and regulating works, and is independent 
of the size of installation. The cost of the 
remaining elements such as water conduits, 
powerhouse, and generating equipment is gen
erally proportional to the size of installation. 
The total cost per kilowatt of initial installation 
is, therefore, usually relatively high compared 
to the kilowatt cost of the ultimate installation 
for which the project is designed. 

The output characteristics of water-power 
plants depend largely upon the water supply 
available. Precipitation in either rainfall or 
snowfall is not uniform throughout the year, 
and sometimes several years occur in succession 
when precipitation and run-off are much less 

than the normal or average. Seldom is ade
quate seasonal storage possible, so that fairly 
wide Huctuations in output occur whicn. require 
auxiliary service in the form of other water
power plants with large storage or fuel plants 
to make possible the most economical utiliza
tion of a proposed water-power plant. 

The annual cost of water-power plants is 
practically fixed, the major portion representing 
interest, depreciation, and taxes on the develop
ment. Operating costs are relatively small and 
limited mainly to labor and maintenance, and 
also are of a fixed nature. This characteristic 
of the annual cost of water-power develop
'ments, differing quite widely from the cost 
characteristics of fuel plants, has a particular 
bearing on the determination of which type of 
plant is most economical for a given load. 

Important Characteristics of Fuel Plants 

For the purpose of comparing fuel plants 
with water-power plants, the characteristics of 
large steam plants have been used. 

The only physical limitation on the location 
of a steam plant is that imposed by the 
requirements for condensing water. Ample 
condensing-water' supplies are usually to be 
found near metropolitan and industrial centers. 
Fuel can normally be transported by existing 
carriers at lower cost than electric energy can 
be transmitted over newly constructed trans
mission lines. Fo:.: these reasons steam plants 
are generally located at or near important load 
centers where the bulk of the power is to be 
consumed. Extensive transmission lines re
quiring 'heavy investment and introducing 
hazards to dependable service are thereby 
avoided. 

The capital cost of fuel plants is readily de
termined and can be fixed within fairly close 
limits. Companies submitting reports to the 
National Power Survey have furnished cost 
data on 78 plants each having an installed 
capacity of 25,000 kilowatts or over and con
structed since 1920. A study of these cost 
figures substantiates the often-quoted estimate 
of $100 per kilowatt as the average cost of 
modern steam plants. 

The output of a steam plant and the de
pendable capacity which it makes available is 
limited only by the size of its installation. The 
extent to~which the plant output can be absorbed 
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by the power system depends on the character
istics of the system demand. The operation of a 
steam plant is flexible and its rate of output can 
at all times readily be adjusted to the system 
requirements. Except to the extent that fuel 
may be consumed at times of no output, to 
maintain the plant in a condition of readiness 
to serve, consumption of fuel occurs only when 
energy can be utilized on the system. 

The cost of energy output from fuel plants is 
divided between a fixed charge and a cost vary
ing with the energy produced. The fixed charges 
consist of interest, depreciation, taxes, and in
surance, plus a fixed element of operating cost. 

The cost varying with the energy output 
depends mainly upon the efficiency_of the plant 
and the price of fuel. ' 

An important factor of difference between 
water-power developments and fuel-power de
velopments, which may not be readily appar
ent, involves the question of the degree of 
stability in annual cost. The water-power 
development once installed has practically a 
fixed annual cost. The cost of power from 
steam plants, however, is subject to the price 
of fuel, which past experience shows may vary 
widely over the period of the life of the plant. 

Factors Favoring Water.;.Power Develop
ment 

Since the investment for the same capacity 
in water-power plants is normally greater than 
that in steam plants, any reduction in interest 
rates tends to favor the development of water
power plants due to the proportionately greater 
reduction in annual charges on the water
power plant. 

It is this fact· that has warranted the com-· 
mon statement that I'the time to build water
power plants is during a period of low interest 
rates and the time to build steam plants is 
during a time of high interest rates." 

Development of major water-power sources 
by the Federal Government may, therefore, be 
justified in many cases where private develop
ment might be uneconomical. 

There have been many developments in 
recent years which have made possible the 
construction of water-power plants which could 
not have been built a number of years ago. 
The technical developments in the art of de
signing dams has made possible the develop
ment of much higher dams than were possible 

in the past; and the more economical use of 
materials in the structure, improved and new 
types of construction equipment, have made 
possible lower constmction costs through great
er speed of construction, cheaper handling of 
materials, and cheaper placing of concrete or 
earth. .All these developments have reduced 
the first cost of the structures and likewise 
reduced the annual costs of the projects. 

The design of hydraulic turbines had already 
achieved a high peak efficiency many years 
ago, and although developments since then 
have not increased the peak efficiency"material
ly, they have increased the efficiency at aver
age and part loads under actual operating 
conditions. New types of hydraulic turbines, 
particularly the adjustable-blade propeller run
ner, which is a modification of the earlier fixed
blade propeller runner, have made possible the 
development of water-power sites, especIally 
those under variable heads, which could not be 
economically developed heretofore. 

The interconnection of large systems has 
made possible more efficient utilization of exist
ing water-power facilities, and the increased 
loads have made economical the development 
of some of the extremely large plants installed 
in recent years. 

The factors which determine the economic 
relationship between steam and .water power 
are constantly changing. The recent trend of 
t.hese factors has been such as to favor the 
development of fuel power in many sections of 
the country. The development of huge fuel 
supplies and 'consequent lowering of fuel prices, 
the remarkable improvements in the art of 
steam-plant design and construction, with re
sulting improvements in fuel-plant efficiency, 
have been ill this direction. While improve
ments in water-power practice have occurred 
coincidentally, the margin for improvements 
in this field has been more limited and the 
recent net balance of gain has been distinctly 
favorable to steam power. Reducing cost of 
money, particularly low costs to Federal enter
prises and broad policies of conservation, tend 
to offset this trend. Future changes affecting 
this balance defy definite predictions. Gains 
in efficiency and lower construction costs will 
probably be obtained in both fields. The long
term trend in fuel prices has been one of increas
ing costs, and this trend is likely to continue in 
the future, particularly under improved labor 
conditions. 



IX. INTERSTATE TRANSFERS OF POWER 

Interstate Transfers of Power in 1933 

More power crossed State lines in 1933 than 
was generated by all central stations in the 
entire country during 1913. The amount was 
in excess of 13 billion kilowatt-hours .. 

State lines( of course, do not constitute 
economic banriers, and the interconnected 

networks which have grown up in the country 
have been developed in almost complete dis
regard of such political boundaries. A few 
States, the most notable example being Maine, 
have laws restricting the free interstate trans
mission of energy, but otherwise there are no 
restrictions on the free transmission of elec
tricity across State borders. 

TABLE IS.-Inter8tate electrical tmergy tran8actiO'li.1f during 1933 
[Data taken from reports of 215 systems] 

Region and Stata 

Northeast: 

Generated 
within State 

Malne_____________________ ___________________________ 759,000 
New Hampshire______________________________________ 648, 000 Vermont_ _ _____________ ______________________________ 389,000 
M8S8Chnsetts_______________ __________ ________________ 2,274, 000 
Rhode Island________________________ _________________ 442, 000 
Oonnecticut ________________________ ,_________________ 1,032, 000 
New York____________________________________________ 10,189,000 

t~~~~S;_~::_~~~~~~~:::::::::::::::::::::::: ::::::: :: ~ ~ 
R':!:;i:.ed::~~:::::::::::::::::::::::::::::::::::::::: ----i;726;OOO-
District of Oolumbla_________________________________ 420, 000 

Middle West: Mlchlgan ____________________________________________ _ 
Ohlo _______________________________________________ __ 
West Vlrglnla _______________________________________ _ 
Indlana _____________________________________________ _ 
Wlsconsin _________________________________________ __ 
Illinols ______________________________________________ _ 
M�nnesota __________________________________________ _ 
10wa ________________________________________________ _ 
M�ssour� ____________________________________________ _ 

Southwast: 

~~~a;.oiina::::::::::::::::::::::::::::::::::::::: South Oarollna ______________________________________ _ 
Kentucky ___________________________________________ _ 
Tennes.~ __ • ___________ ._. __________ e. ______________ • 

MlsslsslppL ________________________________________ __ 
Alabama ____________________________________________ _ 
Georgla ______________________________________________ _ 
Florida ______________________________________________ _ 

Mountain and Plain: 

3,041,000 
5,618,000 
1,557,000 
2, 404, 000 
1,804,000 
6,955,000 

849,000 
621,000 

1,126, 000 

553, 000 
1,691,000 
1,346,000 

693,000 
640,000 
23,000 

1,413,000 
1,130,000 

551,000 

Energy. 
available 

for systems 
within the 

State 

756,000 
185,000 
136,000 

2, 708, 000 
566,000 

1,116,000 
11,100,000 
7,989,000 
2,484,000 

129,000 
1,136, 000 

496,000 

3,107,000 
4, 781,000 
1,609,000 
1,775, 000 
1,760,000 
6,096,000 
1,047,000 

780,000 
1,927,000 

648,000 
1,727,000 
1,065,000 

622,000 
853,000 
237,000 

1,284,000 
1,332,000 

561,000 

North Dakota________________________________________ 102, 000 75,000 
South DBkota________________________________________ 44, 000 68,000 
Nebreska_____________________________________________ 428, 000 386,000 Kansas_______________________________________________ 739,000 641,000 
Montana_ __ _ _ __ __ __ __ _ _ __ _______ ___ ___ ____ _ _ _ _____ _ __ 902, 000 880,000 

~J.g~':t:~~::::::::::::::::::::::::::::::::::::::::: ------MO:'OOO- ------i2i;OOO-
Southwest: Arkansas_____________________________________________ 128, 000 315,000 

Loulslana__ _ _ ________________________________________ 878, 000 613, 000 
Oklahoma____________________________________________ 635, 000 699,000 Texas________________________________________________ 2, 195, 000 2, 211,000 
New Mexlco _____________________________________________________________________ _ 

Pacific Northwest: Washlngton _________________________________________ _ 
0regon _________________ . ____________________________ _ 
Idaho ______________________________________________ _ 

Pacific Southwest: 

2, 323, 000 
911,000 
455,000 

Oallfornla________________________ ____________________ 7,923,000 N evada __________________________________________________________ __ 
Utah_ ______________ ________________________ __________ 200,000 
Arlzona___ _ ________ _______________________ _ _____ _ ____ 220,000 

Total__________________ _ ____________________________ 76, 882, 000 

2, 198, 000 
866,000 
382,000 

8, 421.000 
69,000 

438,000 
228,000 

78, 700,000 
Total, excluding States having Interchange to a minor extent only ,_______________________________ 59,919,000 61,040,000 

Thousands of kilowatt-hours 

Received 
Received 

from outside A .. percent As percent 
of State of genera- ofenergy 

tion avsil8ble 

Delivered 
ontside of 

State 

Delivered 
as percent 
of genera--

tion 

39 _________________________________________________ _ 

33,648 6.2 18.3 335,641 61.1 
26, 036 6. 7 19. 2 288, 757 70. 8 

872, 238 38. 4 32. 2 390, 679 17. 2 
270, 964 61.3 48.0 163,604 37. 1 
136, 160 13. 2 12. 2 49, 224 4. 8 

I 669, 672 6. 6 6. 0 252, 660 2. 6 
2, 691,161 40.3 33.8 1,388,301 20.8 

296,644 9.6 11.1 832, 190 27.0 

I, ~ ~~ -------63~:j" I~J I, 68~ ~ --------ii7~7 
166, 409 39. 6 33. 6 95, 586 22. 8 

71,674 
672, 625 
627,713 
421,729 
166, 725 

1,086, 761 
241,776 
223,404 
863,798 

417,143 
482,036 
49,967 

302, 200 
.677,700 

210, 646 
137,463 
412,949 
21,924 

2.4 
10.2 
33.9 
17.6 
9.2 

18. 2 
28.6 
36.0 
76. 7 

74.0 
28.6 
3.7 

61.0 
90.2 

915.4 
, 9.7 

36.6 
4.0 

2.3 
12.0 
32.8 
23.7 
9.6 

17.8 
23.0 
28.6 
44.8 

64.3 
27.9 
4.7 

57.9 
67.7 
88.8 
10.7 
30.9 
3.9 

98,002 
760,326 
901,353 

1,040,362 
254, 275 
975,897 
92,385 
83,613 
33,290 

420,259 
512, 140 
342,641 
169,518 
373,252 

218 
551, 780 1 215,269 
17,134 

3.2 
13.5 
57.8 
43.2 
14.0 
16.4 
10.9 
13.5 
.03 

74.5 
30.2 
25.5 
28.6 
58.3 
1.0 

38.9 
19.0 
3.1 

2, 491 2. 4 3. 3 I 28, 993 28. 4 
26, 393 69.9 39.0 3, 609 8. 1 
1,477 .4 .4 46,231 10.8 

34, 711 4. 7 5. 2 133, S88 18. 1 31 ________________________ 20,100 2.2 
1,492 _________________________________________________ _ 

465 .1 .1 _________________________ _ 

235, 190 183. 7 74. 6 30, 420 23. 8 
35,950 4.1 5.9 377,950 43.0 
85, 762 13. 7 12. 4 40, 058 6. 4 
61, 365 2. 8 2. 7 • 58, 860 2. 7 4, 102 ______________________________ .... _________________ _ 

'84,728 3.7 3.8 310,230 13.3 
149,800 16.4 17.3 208,954 22.9 
197,835. 43.6 51.8 290, 557 63.9 

166, 889 2.1 2.0 • 78, 348 ·1.0 
59,267 

~-------- .. -- 100.0 --------4;'653- ------------237,506 118.9 54.2 2.3 
6,811 3.1 3.0 r 6,908 2.7 

'14, 569, 466 19.0 18. 6 13, 968, 792 18.2 

14, 175, 407 23.6 23.2 13, 6uo, 440 22.8 

I As the data Included In this tabulation are for the 2151srge systems only, and as they Involve transactions with smelier systems not Included In the 
tabulation it is impossible to reconcile figures of Generated, Reoeived, Delivered, and A vaiIable for Systems Within State. 

I 617,905,000 kilowatt-hours Included from Oanada. 
I 28,000 kilowatt-hours included to Canada. 
• 6,056,000 kilowatt-hours Included to Mexico. 
• 140,000 kilowatt-hours Included from Oanada. 
• 12,270,000 kilowatt-hours Included to Mexico. 
r 17,000 kilowatt-hours Inoluded to Mexico. 
• Net balance received over International boundaries, 600,674,000 kilowatt-hours.. 
, States excluded: Maine, Michigan, Florida, Montana, Colorado, Wyoming, Texas, New Mexico, Oallfornla, Nevada, Amana. 
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Data on interstate power transmission for 
1933 have been compiled from reports sub
mitted to the National Power Survey by the 
215 larger systems of the country. These 
data, covering a very large percentage of the 
total interstate transmission of power, are 
presented in table 18. Although interstate 
transfel'S of power were probably greater than 
normal in certain parts of the country in that 
year because of reduced loads and greater dis
tribution of hydroelectric energy, the data may 
be fairly indicative of the general situation. 

Interstate Transfer of Power in New Eng
land 

Interconnected power systems involving sev
eral States have been developed in many sec
tions of the country, and as the technique of -
long-distance transmission is improved, it is 
reasonable to assume that these networks will 
be extended and reinforced. A typical example 
is New England. The States of Vermont, 
New Hampshire, Massachusetts, Connecticut, 
and Rhode Island constitute a single power 
area covered with a transmission network, 
possessing a considerable degree of coordina
tion, planned for the major purpose of securing 
the most advantageous utilization of the out
put of water-power plants in conjunction with 
steam plants. This network extending across 
the State of Massachusetts, south into Rhode 
Island and Connecticut, and north into Ver
mont and New Hampshire, has made possible 
a more complete utilization of the water re
sources of the territory than could have been 
obtained otherwise. While many load centel'S -
within the area, due to difference in ownership 
and operating control, are not fully intercon
nected, still to a great extent power is produced 
where it can be generated at a minimum cost 
and transmitted across State lines to load cen
ters. The water-power resources of the Deer
field and Connecticut River Valleys now feed, 
through the lines of the New England Power 
Association, the industrial area of central and 
eastern Massachusetts and Rhode Island, 
where the major part of steam power of the 
area is concentrated. 

There was delivered outside the States of 
Vermont and New Hampshire amounts of 
energy equivalent to 71 and 61 percent, re
spectively, of the power produced within 

these States. This was largely water power 
fr-om the Searsburg and Harriman plants 
on the Deerfield River, and the Fifteen Mile 
Falls, Bellows Falls, and Vernon plants on 
the Connecticut River. Most of this power 
was exported to Massachusetts, and some was 
transmitted through Massachusetts to New 
York State, Connecticut, and Rhode Island. 
Massachusetts received from outside the State 
one-third as much as was generated within the 
State. There was imported into Rhode Island 
nearly two-thirds as much as was generated in 
that State. This power imported was largely 
water power during the high-flow season of the 
year, while during the low-flow season the 
steam plants exported power to Massachusetts 
to assist in meeting the need for power in that 
State. 

Interstate Transfer of Power in the Middle 
Atlantic States 

The eastern section of Pennsylvania, Mary 
land, Delaware, and New Jersey are also 
'partially covered by a transmission network 
extending across State lines. As a result of 
these interconnections, power finds its way 
from the Conowingo water-power plant on the 
Susquehanna River in Maryland through 
Pennsylvania into New Jersey, from the 
Deepwater steam-electric station in New Jersey 
into and through Delaware to Pennsylvania 
and back into New Jersey. The other plants 
in the network also contribute to the exchange 
of power between Pennsylvania and New 
Jersey. A large part of the power supply of 
the Baltimore area is secured from the Safe 
Harbor and Holtwood water-power plants on 
the Susquehanna River in Pennsylvania and 
from the steam-electric plant alongside the 
Holtwood water-power plant. 

There was imported into Pennsylvania 57 
percent and exported 32 percent as much power 
as was generated in the State in 1933. Com
paniesin Pennsylvania received from other 
States 2,263 million kilowatt-hours and delivered 
into other States 1,287 million kilowatt-hours. 
Maryland is probably the most striking example 
of disregard of State lines in the development of 
transmission systems and the interstate trans
fer of power. There were generated within the 
State, 1,726 million kilowatt-hours, received. 
from outside sources, 1,094 million kilowatt, 
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hours, and exported, 1,690 million kilowatt
hours. In other words almost as much energy 
was exported as was produced within the State. 

Interstate Transfer of Power in the South 

Alabama, Mississippi, Georgia, and Ten
nessee are to an extent covered by an inter
connected network owned by four separate 
operating cOIrlpanies which are under common 
holding-company control. In this network a 
considerable amount of power in excess of State 
requirements is generated in Alabama and 
exported to neighboring States. 

Interstate Transfer of Power on the Pacific 
Coast 

Utilities serving the Pacific coast are inter
connected by lines of varying capacity. Present 
deliveries of power to and from California 
comprise a relatively small portion of that 
State's total generation .. The interstate power 
transfers between California. and Oregon, al-

though relatively small, normally amount to 
over 200 million kilowatt-hours annually. Cali
fornia plants, in turn, supply the major portion 
of Nevada requirements. With the completion 
of Boulder Canyon power development, import 
of power into California from Nevada and 
Arizona will ultimately total between 3 and 4 
billion kilowatt-hours annually from this 
plant alone. 

There is another group of systems lying be
tween Portland, Oreg., Seattle, Wash., and 
Butte, Mont., among which there now exist 

, interconnections sufficient to permit the flow of 
limited amounts of power across State lines. 
Transmission of power between eastern Wash
ington and western Montana across Idaho is 
relatively extensive. 

In Idaho, 455 million kilowatt-hours were 
generated in 1933, while an amount equivalent 
to 43 percent of the total generation was im
ported and an equivalent of 64 percent of the 
generation was exported to systems beyond the 
State border. The amount of power transmitted 
into Utah from Idaho in 1933 exceeded the total 
amount generated in Utah. 



x. IMPORTANCE OF POWER IN NATIONAL DEFENSE 

Effect of War on Power Requirements 

The experience of the United States in the 
World War has shown that in such an emer
gency an adequate supply of electric power is 
absolutely essential. Col. Charles Keller, Corps 
of Engiiteers, United States Army, in his 
official report, "The Power Situation During 
the War", 1921, says: 

"While it is difficult to say that any Bingle resource 
is fundamental, it might well be argued that power 
8upply comes very close to being 80." 

All of the major war materials or items of 
equipment rely on power for their production. 
Meeting the rapidly increasing requirements 
for power, which the production of these ma
terials and equipment involves, is one of 
the most difficult of war-time procurement 
problems. 

At the time the United States entered the 
war most of the existing spare generating 
equipment in many industrial areas had been 
absorbed by the demands of industry expan~ed 
to 8upply war orders placed by the Allied 
Governments. 

Central-station output advanced from a total 
of 16.6 billion kilowatt-hours in 1914 to 22.7 
billion kilowatt-hours in 1916, an increase of 
6.1 billion kilowatt-hours, or 37 percent. A 
further increase of 6.8 billion kilowatt-hours 
occurred during the years 1917 and 1918, result
ing in a total increase during the years 1915 to 
1918 inclusive, of 12.9 billion kilowatt-hours, or 
78 p~rcent of the total national production dur
ing 1914. 

In certain areas war demands for steel, chem
icals, and equipment imposed rates of growth 
even in excess of this national average. In 
80me districts these demands were met with 
great difficulty and with heavy expenditures 
and frequent interruptions to service, and in 
others it was totally impossible to produce 
power in the quantities required. 

Due to our inability to quickly mobilize in
dustry for war production, the full effect of a 
power shortage was not felt in this country 
until the winter of 1917-18, and during the year 
1918, when many existing industries had been 
finally diverted to the manufacturing of war 
materials and new war industries had been 
established. 

Conditions were particularly acute in the 
Buffalo-Niagara Falls region. Here the major 
power companies had previously supplemented 
their power supply with energy imported from 
Canada. The war-time increase in power re
quirements of Canadian industry required the 
curtailment of power exports. 

The imminence of a power shortage was evi
dent in other regions than the Niagara Falls 
district during the latter part of 1917, and by 
November of that year actual shortages had 
been developed in many places, including Pitts
burgh and its environs; the eastern and central 
part of Ohio; the New England States,particu
larly Massachusetts, the southern portion of 
Vermont and New Hampshire; the State of 
New Jersey; Philadelphia and eastern Penn
sylvania; Baltimore, Md., and Wilmington, 
Del.; the Pacific Coast; several locations in the 
Southern States; Norfolk and Hampton Roads; 
the western. part of Virginia and the southern 
part of West Virginia, and even as far· inland as 
Little Rock, Ark. 

Causes of Power Shortages 

These shortages were due to three principal 
causes. The first was lack of fuel. Inadequate 
transportation facilities and congestion of traf
fic made deliveries of fuel supply difficult, caus
ing rapid depletion of stocks on hand. The 
second principal cause of shortage of power 
supply was the lack of generating capacity in 
central stations and industrial plants. The 
burden of the central stations was increased by 
additional demands from industrial . plants 
whose own power-generating facilities were 
insufficient to meet the war-time level of 
production. . 

The third contributing cause was a shortage 
of water power due to extreme cold weather in 
the winter of 1917-18 and dry weather during 
the I!pring and summer of 1918. 

Relief of Shortage During the World War 

To meet the situation, the use of fuel was 
restricted by shutting down mimy old, sm~, 
and inefficient plants. Power plants were ID

terconnected, thus taking advantage of diver-
49 
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sity in loads and making the surplus capacity of 
one district available for deficiencies of another. 
Water-power plants were interconnected in 
order to secure the maximum utilization of 
water power. 

These steps, however, did not adequately 
. provide for all requirements and, in fact, it is 
impossible to determine in certain districts 
what the power requirements would have been 
had capacity \been available to supply them. 
The company at Niagara Falls had gone ahead 
with plans to build a steam plant at Buffalo as 
a substitute for the Canadian supply which had 
been withdrawn. Many utilities were unable 
to finance the construction of new plants or 
plant additions, and others who were in a finan
cial position to do so were unwilling to invest 
in plants which it appeared would not be needed 
after the war was over. 

There was originally no authority permitting 
the Government to advance money to construct 
new plants or to enlarge existing ones. This 
difficulty was later overcome, however, and 
plans were worked out by the War Finance 
Corporation enabling a few utilities to start 
construction, but not in time to complete 
needed installation before the end of the war. 
In one case, a new power plant was started on 
the Ohio River southwest of Pittsburgh near 
Wheeling, W. Va., by the cooperation of two 
companies and the United States Government. 
This plant, known as the "Windsor Plant", 
located at the mouth of a coal mine, was not 
put into service until after the end of hostilities. 

When, in 1918, it appeared probable that the 
war would continue into 1919, plans were 
matured for extensive new power installations, 
and a bill (H. R. 12776) was introduced in the 
House of Representatives during the Sixty-fifth 
Congress, second session, which would have 
provided wide powers for the Government to 
construct power plants, to loan funds to enable 
private plants to extend capacity, to buy pri
vate plants, to construct transmission lines or 
pipe lines and to operate them, to requisition 
power output, to cancel private contracts for 
power, to form corporations to carry out such 
purposes. The bill carried with it an appro-

priation of $200,000,000. It passed the House 
but had not passed the Senate at the time of the 
Armistice and was dropped. 

Place of Power in Plans for National Defense 

As a result of these war experiences, and as 
provided in the National Defense Act, the War 
Department now regularly collects data on the 
power-generating facilities and the transmission 
lines existing in the country in order to have 

. available information to form the basis for 
mobilization at the very inception of a future 
conflict. 

The importance of preparing a specific pro
gram for the control of electric power produc
tion in the event of another war has been fully 
demonstrated by past experience. Due to 
many factors that affect the situation it may be 
impossible in case of emergency to determine 
the exact amount of power needed, but it should 
be possible to determine in what areas or dis
tricts the greatest demand for power is likely to' 
arise. 

In view of the length of time required to con
struct large additions of generating capacity, 
consideration should be given to the maintain
ing of large reserves in these areas. The inter
connections in each power district, as well as 
those between districts to permit of emergency 
supply from one district to another, should also 
be planned. 

The construction of a large steam-electric 
generating station requires from 11 to 15 
months from the time the ground is broken, but 
plans must be prepared considerably in advance. 
From 3 to 5 years are normally required to 
construct large water-power plants. 

Water-power plants are a definite aid in 
national defense. Their operation is independ
ent of fuel supply and transportation facilities 
and requires a minimum of manpower. Be
cause of this and because of the length of time 
required to build them, water-power projects 
should be given consideration now and should 
be studied with a view to planned development 
to forestall a war-time shortage in power. 



XI. SPECIAL PHASES OF THE SURVEY 

Reference has been made in the Introduction 
to a number of special studies that are being 
conducted in connection with the National 
Power Survey. Among the most important of 
these are: 

Cost of distribution of electricity. 
Power in industry, present and future. 
Power for railroad electrification, present 

and future. 
Residential and domestic uses of electricity. 
Rural electrification. 
Interconnection and coordination of power 

facilities. 

Cost of Distribution of Electricity 

This study relates to the determination of 
the cost of distributing electrical energy from 
substations to the consumers' premises for 
different classes of service. It is being made 
under authority of Senate Resolution No. 80, 
Seventy-third Congress, first session, sponsored 
by Senator Costigan. It is also in accordance 
with President Roosevelt's Executive Order No. 
6251 previously referred to, which authorizes 
and directs the Federal Power Commission 
to make a survey of the nation's power 
resources, including a study of the transmis
sion, distribution, and utilization of electrical 
energy. 

The object of this distribution study is to 
determine the cost of delivering the electric 
energy from the local substation to the cus
tomer, including handling his account. The 
scope of the study does not include determina
tion of the cost of producing and transmitting 
energy to the distribution system. 

The "cost of distribution" of electric energy 
from the local substation to the customer in
volves not only the cost incurred in the con
struction and operation of the distribution 
system, consisting of poles, wire, underground 
conduits and cables, transformer service and 
meters, but also cost of caring for customer 
complaints, commercial and new business ex
penses, togf.\ther with taxes and general ex
penses incurred in connection .with these 
items. 

Surveys and investigations have been made 
of the distribution systems and the records of 
11 priYate and municipal electric utility sys
tems serving cities having, in general, a popu
lation of over 50,000. Among the major cities 
studied are Washington, D. C.; Los Angeles, 
Calif.; Portland, Oreg.; Seattle and Tacoma, 
Wash.; and Lansing, Mich. The costs of dis
tribution in several smaller cities and in rural 
areas are now being studied. 

The studies involve determination of capital 
invested in, or cost to reproduce, the distribu
tion system, the operating costs incurred, and 
the allocation of capital and operating costs 
between classes of services, such as Residential, 
Commercial Light and Power, and Industrial 
Power. Throughout, care is being taken to 
determine costs from studies of practical 
operating systems. 

This information, when completed and an
alyzed, will be covered by a subsequent report. 

Power in Industry, Present and Future 

The industrial survey, a feature of the Na
tional Power Survey, is a study of the present 
and probable future power requirements of 
large industries. Data have been obtained 
from major industries by means of report 
forms and personal visits of. engineers. The 
information covers consumption of electricity 
over a number of years, number of installed 
motors and motor horsepower, details concern
ing industrial generating plants, the amount of 
electricity: generated and purchased, the cost of 
generatio~, and the cost of purchased· power. 

The information is being collected by geo
graphical areas so that the demand for elec
tricity in such areas can be more accurately 
determined. This is of importance in working 
out any regional plan for power developments 
within a district or over extended areas. 

Some industries, due either to location or the 
nature of their business and of their steam re
quirements, find it more advantageous to 
generate their own power, either in steam 
plants, using the exhaust steam for heating or 
proeess requirements, or in oil-engine plants. 
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Special studies are being made of the possibili
ties of interchange of power by these industries 
with electric utility systems. Such interchange 
has already been worked out in a number of 
cases. At the Deepwater Station in Deep
water, N. J., a. steam plant has been installed 
in connection wit.h a chemical plant of the E. I. 
du Pont de Nem'ours & Co. and power is gen
erated partly for utility use, the exhaust steam 
being used in\ various chemical processes .. 

In the above case and other similar ones the 
electricity is generated as a byproduct at a 
very low incremental cost. The possibilities 
of such installations are dependent upon the 
requirements of the particular industry as well 
as the demands for power in the region. The 
effect of possible depressions on the industry, 
and consequent reduction in its demand for 
steam and power is an important factor to be 
considered in such cases. 

The. Survey is studying the increases in use 
of electricity in the production and refining of 
metals and the production of both organic 
and inorganic chemicals, together with elec
trothermal smelting, melting, refining, and heat 
treatment of metals and nonmetals. This use 
of electricity expanded rapidly during the 
World War period, and recent developments 
offer greater possibilities of commercial expan
sion in the future. There are many prospective 
changes in processes which will be treated in a 
special report on use of electricity by electro
chemical and electrometallurgical industries. 
A report on the general industrial phases of the 
power situation is also lmder preparation and 
will be published later. 

Power for Railroad Electrification, Present 
and Future 

Attention is being directed also to the pos
sibilities of electrification of main line steam 
railroads. Consideration of this important sub
j ect is being directed to the extension of some 
present electrified lines and to certain selected 
sections or divisions of other railroads which, 
either d1J.e to heavy mountain grades, tunnel 
conditions, or speeding up of traffic give 
promise of possible economic electrification. 

The particular sections that are being studied 
are: 

1. Atchison, Topeka & Santa Fe RailWay, San Ber
nardino, Calif, to Winslow, Ariz. 

2. Boston & Maine Railroad, Boston, Mass., to Rot
terdam Junction, N. Y. 

3. Chesapeake & Ohio Railway, Clifton Forge, Va., 
to Russell, Ky. 

4. Delaware, Lackawanna & Western Railroad, 
Secaucus to Denville, N. J., and Dover, N. J., to Clarks 
Summit, Pa. 

5. Denver & Salt Lake Railway, Denver to Bond, 
Colo. 

6. New York Central Railroad, Croton to Buffalo, 
N.Y. 

7. Norfolk & Western Railway, Roanoke, Va., to 
Bluefield, W. Va., and Iaeger to Williamson, W. Va. 

S. Pennsylvania Railroad, Morrisville and Paoli to 
. Harrisburg, Altoona, and Pittsburgh, Pa. 

9; Reading Co., St. Clair and Tamaqua to Port 
Richmond and Shippensburg to Allentown, Pa. 

10. Southern Pacific Co., Roseville, Calif., to Sparks, 
Nev., and Bakersfield to Los Angeles, Calif. 

11. Union Pacific Railroad, Cheyenne, Wyo., to 
Ogden, Utah. 

These and several other sections which offer 
special possibilities will be discussed in the 
forthcoming report on railroad electrification. 

Residential and Domestic Uses of Elec
tricity 

The residential and domestic use of electricity 
is being investigated to determine its future 
possibilities. Studies are being made of trends 
of growth, effect of sales of appliances, and 
changes in rates, and the influence of present 
Federal and electric-utility activity in increas
ing the use of electricity. 

The trend since 1929 is indicated in tables 3 
and 5 and is illustrated graphically in figure 6, 
which is based on the statistics relating to the 
215 major systems covered by this report. In 
the 4-year period, 1929 to 1933, the most severe 
part of the depression, both the total kilowatt
hour sales and the average use by domestic cus
tomers increased 25 percent. Despite economic 
conditions then prevailing, the 215 systems 
reporting these figures did not show a decrease 
in the number of domestic customers until 1933, 
when, due to the banking crisis and impairment 
of income and loss of savings of many people, 
the number fell off. 

Rural Electrification 

There are' approximately 6,300,000 farms in 
the United States. Of these, 725,000 have 
central-station electric service. It has been 
estimated that an additional 2,400,000 families 
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living in rural areas and towns of 2,500 popula
tion or less do not have the advantages of elec
tric service in their homes. The ratio of farms 
in any area to the total having electric service 
varies widely throughout the United States. 
Figure 16 indicates the ratio of electrified farms 
to the total farms for the various States. The 
States having the highest percentage of farms 
electrified are New Hampshire, Massachusetts, 
Rhode Island, Connecticut, New Jersey, Cali
fornia, Washington, and Utah, where more than 
50 percent of all farms have electric service. 
The small size of farms and the proximity of 
rural to urban communities accounts for the 
high percentage of electrification in the Eastern 
States, while the extensive use of power for 
pumping purposes in connection with irrigation 
has assisted electrification of farms in the Pacific 
Coast States. Electrification of farms in the 
North Middle Central States and in the South
ern States is generally very limited, being in 
many cases less than 5 percent of the total. 

The study of rural electrification is being 
directed to a determination of the possibilities 
from a practical viewpoint of extending electric 
service to more of the farms in the United 
States at present without electric service. The 
extent to which electricity can be used on 
the" farm has already been covered by various 
publications and is not being specifically dealt 
with in the National Power Survey. The 
energy consumption that can be expected 
from actual experience, the equipment used, 
the rates charged, and the methods and 
policies of power companies under which lines 
are constructed are being investigated. The 
study is also directed to the question of prac
tical means by which more liberal extension 
of electricity to farms can be made possible. 

Information is being obtained in cooperation 
with the Electric Rate Survey by means of 
report forms sent to private and municipal 
electric utilities. Data have been received 
from agricultural colleges and utility com
missions. The Survey has been working in 
close touch with other Federal agencies and 
rural electrification authorities who have been 
carrying on surveys in various States. Through 
these means information available from every 
possible source is being collected so that a 
comprehensive analysis may be made with the 
object of presenting constructive and practical 
suggestions and recommendations. This phase 

of the investigation, when completed, will be 
covered by a special report. 

Value of Interconnection andCoordination 
of Power Facilities in Relation to the 
National Power Supply 

The value of the interconnection of trans
mission systems and the coordination of sources 
of electrical energy has long been recognized 
both by the Government and the electric light 
and power industry. The industry has studied 
the problems and advantages of interconnection 
and coordination chiefly as applied to individual 
systems, while the Government in its previous 
studies has direct-ed its attention to particular 
regions in which it had a special interest or in 
which the problems were particularly acute. 
Up to the present time there has been no official 
consideration of the possibilities of intercon
nection and coordination in relation to the 
national power supply. 

The first official regional survey in which 
these questions were considered appears to have 
been that conducted by the War Industries 
Board relative to the area in which power gen
erated at Muscle Shoals might be distributed. 
Later, in 1921, a similar survey of the region 
lying between Boston and Washington ·was 
undertaken by the Geological Survey under the 
authority of an act of Congress. This informa
tion was utilized and extended by the "North
east Super Power Committee" which reported 
in 1924. Wlrile these surveys did not result in 
any direct action by the Federal Government, 
their influence is clearly reflected in the rela
tively high degree of interconnection of trans
mission networks in the regions to which they 
related. 

The vital importance of further studies of 
interconnection and coordination from both an 
engineering and economic standpoint is clearly 
revealed in sections III and IV of this report in 
which the adequacy of present power facilities 
and the surpluses and deficits of dependable 
capacity have been discussed. There it has 
been shown that critical shortages of power will 
exist in many districts when normal industrial 
activity is resumed. It has also been shown that 
a period of 2 years or more would be required to 
meet these shortages by the construction of 
large steam and hydroelectric plants. If, there
fore, industry should resume its normal rate 
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of activity within a shorter period a serious 
crisis might arise which would tax the electric
generating facilities of the Nation to the utmost. 

In view of this contingency it is of the highest 
public interest that thorough studies should be 
made of the possibilities of meeting this shortage 
in part by improving the interconnection and 
coordination of existing power facilities. Such 
studies are now being made in connection with 
the N ational ~ower Survey, the results of which 
will be published in due course. 

While these studies, which are of a highly 
technical character, are incomplete they have 
gone far enough to show that interconnection 
as it exists today in the United States is not the 
result of any definitely planned program. Its 
growth has been relatively haphazard, handi
capped by intercompany rivalry and prejudices 
and by artificial barriers, such as State lines, 

prohibitory laws and a lack of uniformity in 
tax laws in adjoining communities. There are, 
of course, a number of well-defined areas in 
which interconnection is relatively far advanced: 
in New England, particularly Massachusetts 
and Connecticut; in southeastern Pennsylvania 
and New Jersey; in the South Atlantic States; 
in the Pittsburgh-Ohio industrial area; in the 
Chicago district; and in the States of California 
and Washington, but it would appear that in 
none of these regions are all of the benefits 
possible from a high degree of interconnection 

. and coordination being secured. It is of great 
importance, therefore, both to the public and 
to the industry, that the possibilities of inter
connection and coordination be thoroughly 
studied from a practical standpoint so that their 
results may be available in any emergency that 
may arise. 



SECTION XII. NATIONAL POWER SURVEY 

ITS RELATION TO FUTURE PLANNING BY GOVERNMENT AND INDUSTRY 

, It has been impossible in this interim report 
to do more than indicate the scope, methods, 
and purposes of the National Power Survey, as 
it is being carried out by the Federal Power 
Commission, and record some of its tentative 
findings and conclusions. Of the 19 months 
which have elapsed since the President directed 
the Commission to undertake this work, about 
6 months were necessarily spent in preliminary 
inquiries and planning; a~out 10 months were 
required for the collection and compilation of 
basic data, leaving only about 3 months for 
analysis and the preparation of this report., 
The survey has been limited, not only in time, 
but also in resources, the total appropriation 
provided for this nation-wide inquiry being con
siderably less than many of the private utility 
systems have expended on surveys of their 
properties and markets. 

Even with these limitations, enough has been 
accomplished, it is believed, to indicate the 
value of such a survey in relation to future 
planning both by the Government and the 
electric light and power industry and the great 
importance of maintaining currently up-to-date 
information regarding the Nation's power 
resources and requirements. When it is con
sidered that a single large power project may 
involve the expenditure of $100,000,000 or more 
w4ich may be largely wasted if it is improperly 
located, badly designed, or incorrectly planned 
in relation to the large number of factors which 
have been briefly considered in this report, the 
economy of expending a small fraction of such 
a sum in securing and maintaining currently 
the information that is essential to sound 
planning would appear to be self-evident. 
When attention is directed also to the fact 
that savings of millions of dollars a year could 
be effected through suitable interconnection 
and coordination of the Nation's power facil
ities, the economy of such a procedure is 
strongly emphasized. When there is added 
the consideration that the safety of the Nation 
itself in time of war is dependent upon the 
existence of adequate power facilities which 
must have been installed before the out-break 
of hostilities, its vital importance from a 

national standpoint. would appear to be fully 
demonstrated. 

Quite apart from these points in which the 
interest of the Federal Government is predomi
nant, the National Power Survey has also a 
practical, tangible value to the public and 
private agencies which generate and supply 
electricity; to the many industries which are 
dependent upon the maintenance of a cheap 
and adequate supply of power; and to the con
sumers in urban and rural territories whose 
comfort and convenience are so vitally affected. 
Municipal plants as well as private companies 
require at all times adequate information 
regarding the power demands and facilities of 
the entire region in which they are located. 
The responsible heads of manufacturing in
dustries need to know where they can best 
procure power under conditions that will meet 
the peculiar requirements of their individual 
factories. The consumer is entitled to assur
ance not only that, he will be continuously 
provided with electrical energy but also that 
it,will be secured at all times from the cheapest 
source that is reasonably available. 

That such information will not only be care
fully studied but practically applied is indi
cated by a consideration of the consequences 
of the survey conducted by the "Northeast 
Super-Power Committee", created in 1923 by 
general agreement among the Northeastern 
States and composed of Federal and State 
employees appointed by the governors and the 
President of the United States. The Federal 
Power Commission coordinated the informa
tion obtained and prepared the final report. 
Although the scope of this survey was limited, 
it is significant that the subsequent develop
ment of the industry in this area, as to the 
location and interconnection of transmission 
lines and the location of the larger steam and 
hydroelectric plants, has been substantially 
along the lines then recommended. There 
appears to be little question that large savings 
were effected which were not passed on to 
consumers because no adequate method of 
governmental control had been provided. As 
an indication of the possibilities of forecasting 

65 



56 FEDERAL POWER COMMISSION 

as a basis for regional planning, it is interesting 
to note that this Committee's forecast of power 
requirements for the year 1930, which was 
made in 1924, proved to be accurate within a 
fraction of 1 percent. 

The value of such surveys and the possibil
ities of accurate forecasting and sound planning 
will be greatly enhanced if the necessary infor
mation is regularly and continuously compiled. 

Such information possesses the greatest value in 
times of emergency but, because of its complex
ity, highly technical character, and tremendous 
scope, many months are required for its com
pilation and analysis. The national interest 
would, therefore, appear to demand adequate 
provision for a continuous inventory of the 
power requirements and resources of the United 
States. 



APPENDIX A-ROSTER OF STAFF 

A LIST OF PRINCIPAL EMPLOYEES OF THE NATIONAL POWER SURVEY, THEIR EDUCATION, 
TECHNICAL TRAINING, EXPERIENCE, AND MEMBERSHIP IN PROFESSIONAL SOCIETIES. 

ADMINISTRATIVE DIVISION 

Thomae R. Tate, Director; B. S. in-E. E., U. of 
Missouri. 

Twenty ...... en years' uperlence ill deoIgu, COJIStruction, and operation 
,01_ oJeetrIc, hydroelectric, and illterDaI-oombustion generatlllg st&-

• tloll8, &ransmIsBIon linea and snbotatlons; electric, telepbone, and gee 
valuation; power and transportation lorveye and general consultlllg 
work. RegIstered ProreasloDBl EngiDeer, New York: member A. I. E. 
E., S. A. M. E. and A. S. M. E. . 

Lester S. Ready, Chief Consulting Engineer; B. S. 
in E. E., U. of California. 

Conenltan& on pnbUo-otIlIty operation and regulation; 23 years' 
uperIence In operation and regoIatIon or pnbUo and privately owned 
ntIlItles; formerly ahIet engiDeer or Calltomla RailJOad CommlssIon and 
specIalJat on rates, valuatloll8, water·power reaouroes, and transpor· 
tatlon problems: member A.I. E. E. 

Ralph W. Martin, Executive Assistant; University of 
Chicago, National Institute, Northwestern 
University. 

Ten years' uperIence ill commercial organization, personnel manage
ment, pubUo scoonntlllg, iIIdustrlBl development and _tlve edmiD· 
latretlon. 

Lesher S. Wing, Chief Engineer; B. S. in Mech. and 
E. E., South Dakota State College. 

Nineteen years' uperience ill electrical deelgn and general construc
lion work: electrIo, gee, water, telephone, and transportation valuation 
and rata ...... : .pecIal reports on power development, irrigation, and 
power appll ... tlons. RegIstered ClvU Engineer, California: member 
A. S. A. E. and IIIIIOOIata A. I. E. E. 

Emmett G. Craig, Chief Power Engineer and Asst. to 
Director; B. S. in C. E., C. E., Rutgers University. 

Fourteen years' uperlence on construction, power .tndl .. , 8yetem 
d .. lgn, economlee or utility operating, ntlllty finance, and securities: 
associate member A. S. O. E. 

Claude E. Puller, Economist and Asst. to Director; 
B. B. A., M. A., U. of Washington. 

Ssven years' uperlence ill raUroad tralIlo and rates, statlstl ... 1 and 
ftnanclal etndlea, and special research ill pubUc-utllIty regulation. 

POWER REQUIREMENTS DmSION 

. Percy H. Thomas, Chief of Division; S. B. in E. E., 
Massachusetts Ins~itute of Technology. 

Forty years' dperlanoo ill design or eIoctrIeal equipment ror manura .. 
turing companlea: conenltlng engiDeer ror Amerloon and foreign power 
and mIuIng propertlsa: and specialist on &ransmIsBIon liDeo. RegIstered 
proreB8lonal EngiDeer, New York: Registered proressioDBl Engineer, 
N.I.: Fellow A. L E. E.: member A. S. M. E. 

Robert E. Moore, Chief Industrial Engineer; Pratt 
Institute. 

Twenty·lIve yean' uperien ... ill general iIIdustrlBl appll ... tlons of 
power apperatus: power consultant ill private engiDeeriDg practice and 
In application 01 electric power to industries. RegIstered ProressioDBl 
Engineer, New York: RegIstered ProteosloDBl Engineer, Mlchlgen: 
IIIIIOOIate member A. S. M. E. 

Howard M. Van Gelder, Chief Electrification En
gineer; M. E., Brown University. 

ThIrty·five years' uperIen ... In d88lgn and construction of power 
plants, IndnstrlBl manufacturing plants, raUroad electrlllcatlon, and 
enbway oJeetrIllcatlon, IncIndingsnpervlaion and inspection of contracts 
and pllolnc 01 equipment In operation: member A. I. E. E. 

Joseph P. Schaenzer, Agricultural and Irriga.tion En
gineer; B. S. in Agriculture, U. of Wisconsin. 

Thlrteen YIl8lS' experience in projset direction, rural eisetrlllcatlon, 
v_tioDBl agricultural instruction, and community agricultural activi
ties; member A. S. A. E. 

James V. Alfriend, Jr., Electro-Chemical Engineer; 
B. E., Johns Hopkins University. 

Eleven years' experience In application or electrical equipment to 
electrc-ohemlcal and electrc-metsllurglcal Industries: associate memher 
A.LE.E. 

Richard L. Kimball, General Engineer; B. S. in E. E., 
Worcester Polytechnic Institute. 

Eleven YIl8lS' uperlence in rs1Iway electrifications. 

Stanley W. Roland, Statistician; B. S. in E. E., U. of 
Wisconsin, M. S. in E. E., Harvard Engineering 
School. 

Four YIl8lS' experience 88 Instructor In elsetricBl engineering, rour 
years ill construction or power plants, and power aBIes engiDeerlng. 

POWER RESOURCES DIVISION 
Erich A. Mees, Chief of Division; B. S. in C. E., Rose 

Polytechnic Institute. 
Twenty-rour years' experience In design, superintendence, and super· 

vision of construction or hydroelectric and steam power plants. water 
tIItratlon plants, bridges, and industrial buildings; member A. S. M. E. 

William G. Mervine, Chief Mechanical Engineer; 
Drexel Institute. 

Seventeen years' experience in design, construction, and operation or 
steam electric power plants. Coauthor with loel D. lustin or" Power 
Supply Economics." Registered Proressional Engineer, Pennsylvania: 
member A. S. M. E. 

Francis L. Adams, Civil Engineer; B. S. in C. E., U. 
of North Carolina,. Mass. Institute of Technology. 

Eight years' experience In hydroelectric, railway, and highway design 
and construction, valuation or public utilities, structural design and 
draftlng,speclllcation wrltillg, and Inspection; junior member A. S. C. E. 

John D. Fitch, Hydraulic Engineer; S. B. in C. E., 
- Mass_ Institute of Technology. 

NiDB years' experience ill lIeld and office work In connection with the 
study, design, oonstructlon, maintenance, and testing or hydroelectrlo 
projects: IISSOClate member A. B. O. E. 

Olcott L. Hooper, Hydraulic Engineer; S. B. in C. E., 
Mass. Institute of Technology, Northwestern U. 

Twelve years' experience ill design or water-eupply and hydroelectriC 
projects, construction supervision, and engineering management or 
public-utility properti .. , IISSOClate member A. S. C. E. 

Carl O. Berglund, Hydroelectric Engin~r; B. S. and 
B. A., State College, Sweden, Columbia Univ. 
Teachers College. 

Twenty·three years' experience In general iIIdustrial engiDeerlllg, 
d .. lgn or hydroelectrlo and steam electrlo power stations, preliminary 
investigatiOns, and research work. 

D. N. Showalter, Hydroelectric Engineer; C. E., Le
high University. 

Eleven years' experience In design of dems and power plants: field 
surveyor hydroelsetrlc power plant sites. 

Peter von Weymarn, Power Engineer; C. E. College 
of Civil Engineers in Petrograd, Russia. 

'l'wenty-slx years' experience fn design, oonstructlon, and surveyor 
water power, navigation, and irrigation projects, and power develop· 
ment: member A. S. C. E. and S. A. M. E. 
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RESEARCH DIVISION 

Fayette S. Warner, Chief. of Division; C. E., M. B. A., 
Rennselaer Polytechnic Institute; Ph. D., U. of 
Pennsylvania. 

Sixteen years' experience in Industrial Research, instmctor In the fields 
of Mannfaoturlng industries, American Government, Business and 
Government, and Regulation of Public Utilities at University or Penn· 
sylvania; consulting engineer in valuation of pnbllc utilities; 8II8Ociate 
member A. S. O. E. 

Joseph T. Silver, Chief Cartographic Engineer; B. S. 
Cooper Union. 

Twenty·four years' experience In design of steam-electrlc and hydro' 
electrlo stations, substations, and transmission lines; and valustion engi
neering; member S. A. M. E. and associate memher A. I. E. E. 

Frederick Haag, Jr., Editor; B. S. in C. E., U. of Penn. 
Sixteen yeers' experience in exploration and development of iron and 

coal properties, surveying, triangulation, mapmaking; rate Investiga. 
tions; surveys and publications; member A. M. S. 

William L. Fairbanks, Economist; Eastman College. 
Twenty·seven years of experience In U. S. Foreign Service, foreign 

trading, port development, rail and water transportation, commercial 
relations, and eoonomic surveys. 

L. B. Woll, Electrical Engineer; B. S. in E. E., E. E., 
Columbia U. 

Five years' experience In electric motor design, testing, and power· 
plant operation; industrial engineering production and management 
problems; and statistIcal, economic, and financial research; associate 
member A. I. E. E. and S. A. M. E. 

W. B. Moore, Civil Engineer; B. S. in C. E., Mas$. 
Institute of Technology; M. S. in Transportation; 
Yale University. 

Five years' experience In railroad design, economic studies, business 
management. and geodetic surveying; Junior member A. S. C. E. 

E. H. Dimmitt, Engineering Draftsman, B. in Arch., 
M. S. in C. E., Ala. Polytechnic Institute, Purdue. 

Three months' experience In surveying and instmment work; member 
S.A.M.E. 

T. C. Evans, Jr., Engineering Draftsman; B. S. in 
E. E., U. of North Carolina. 

Two years' experience In maintenance of switches, relays, and trans. 
fOlJ!ler8. and power surveys. 

R. R. Sabine, Engineering Draftsman. 
Eighteen years' experience as engineering draftsman. 

Raymond B. Breinig, Engineering Draftsman; B. S. 
in E. E., Armour Institute of Technology. 

SIx years' experience In map drafting, statistical studies, transmls~ion 
line design, and power-plant engineering. 

Richard M. Kane, Engineering Draftsman; Mechanics 
Institute of Architecture. 

Six years of experience In drafting Including architectural, electrical, 
and map drafting, and illustrating. 

DISTRIBUTION COSTS STUDY DIVISION 

George H. Morse, Chief of Division; B. E. E., E. E., 
U. of Minnesota. 

Forty·two years' experience, including Professorship of Electrical 
Engineering at U. of Nebraska; designer and consultant for electrical 
mannfaoturlng companies; power specialist; consultIng engineer on 
electrical work; and power survey for publlo service commissIon; fellow 
A.I.E.E. 

Claudius E. Bennett, Distribution Engineer; B. S. in 
E. E., U. of Nebraska; M. S. in E. E., E. E., U. 
of Illinois. 

Twenty-one years' experience In operation, design, and construction 
of hydroelectric plants, transmission lines, and distribution systems. 
Registered Professional Engineer In Dlinois; member A. I. E. E. 

Edgar S. Coffman, Distribution Engineer; Purdue 
University. 

Six years' experience on appraisals of public·utillty properties and . 
valuations, perticlpatlon In rate cases, and specialization In unft costs 
of electric distribution systems. Registered Professional Engineer in 
Indiana; associate member A. I. E. E. >,~. 

William K. Hackmann, Distribution Engineer; B. S. 
in E. E., U. of Nebraska. 

Six years' experience in requisition design on standard and special 
designs, particularly transformers and mercury arc rectifiers; associate 
member A. I. E. E. 

Ellsworth F. Miner, Distribution Engineer; B. S.in 
E. E., Yale University. 

Twenty-seven years' experience In testing and design of electrical 
equipment, construction, operation, and management of electric utili
ties, electric utUlty valuation and independent rate cases; member 
A. I. E. E. 

Francis P. Quigley, Distribution Engineer; B. S. in 
E. E., U. of Pennsylvania. 

Nine years' experience in design and construction of transmission lines 
distribution systems, lightIng systems, and substations; industrial plant 
development; electrical appraisal work; member A. I. E. E. 

Leon C. Shaver, Distribution Engineer; B. S. in M. 
E., Tri-State College of Engineering. 

Eleven years' experience In rate structures, valuation of electric utili· 
tie8', load dispatching, and operation of electric stations. 

Samuel H_ Thompson, Distribution Engineer; C. E., 
Reed College, Rensselaer Polytechnic Institute. 

Thirteen years' experience in design and construction of bridges, build
ings' equipment; Installation, marketing, housing, advertising, domestic 
heating, technical and specification writing. 

REVIEWING AND TABULATING SECTION 

Robert H. Barclay, Chief of Section; Washington Uni
versity. 

Twenty-five years' experience as a consulting electrical engineer 
specializing In steam and hydroelectric·plant design and construction. 
Registered Professional Engineer in New York; fellow A. I. E. E. 

Andrew H. Grimsley, Power Engineer. 
Nineteen years' executive experience in the operation of electric and 

gas properties; the design and constmctlon of hydroelpctric and steam 
eleotrlc power plants, high-tension transmission lines, substations, 8Dd 
distribution systems; purchase and sale of electric and railway proper
ties; studies of corporate structure and financing of public utilities; 
member A. I. E. E. 

H. H. Houston, Electrical Engineer, A. B., Reed 
College, B. S. in E. E., M. S. in E. E., Mass. 
Institute of Technology. 

Ten years' experience in design, construction, and valuation of power 
plants and transmission systems; 8II8Ociate member A. I. E. E. 

George S. Green, Hydraulic Engineer. 
Fifteen years' experience in field surveys, d89ign, supervision, and 

management of construction of hydroelectric and steam electric power 
plants, dams, water supply systems, pipe Jines, transmission lines, and 
pumping stations. 
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