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FOREWORD. 

By GEORGE Ons SMITH. 

In December, 1918, President E. G. Buckland, of the New York, New Haven & Hartford 
Railroad Co., at the instance of Mr. W. S. Murray, consulting engineer, of New York City, urged 
upon Secretary of the Interior Lane a survey of the sources of energy in New England and 
on the Atlantic seaboard as far south as Washington. · Secretary Lane's response was that 
general and local studies of the country's available power had been pushed with vigor by the 
Geological Survey as a war measure and that the continuation of this work was already planned 
under a special appropriation asked from· Congress, but as the plans had not contemplated 
work on the scale suggested by Mr. Buckland the Secr,etary invited conference and advice, for 
he at onqe saw the advantage of making this intensive analysis and working out a plan to pro
vide for the ever-growing energy requirements of this industrial region. 

· On January 27, 1919, the Secretary of the Interior sent to Congress a supplemental estimate 
of" an appropriation in the sum of $200,000 for a special investigation and report on the power 
supply for the Boston-Washington industrial region, to be made during the fiscal year 1920." 
Explanatory letters in which a constructive national power policy was urged were addressed 
to the chairmen of the committees on appropriations. "The country," said Secretary Lane, 
"is now passing through a period of transition, which, I firmly believe, will soon be followed by 
one of industrial activity and expansion. The enormous development of war industr~es had 
created an almost insatiable demand for power, a demand that was overreaching the available 
supply with such rapidity that, had hostilities continued, it is certain that we should now be 
facing an extreme power shortage. Happily such a crisis was averted by the signing of the 
armistice, and the ensuing curtailment in the demand for war materials has carried us past 
immediate danger of a power famine in the industrial districts of the Northeast." 

The Director of the United States Geological Survey was heard on the proposal January 30 
before the Appropriation Committee of the House. The proposal excited interest but lacked 

· wide support~ and the committee failed to report the item for further consideration by Congress. 
During 1919 the subject of power conservation was fully discussed before engineering soCie

ties and trade and commercial bodies and in the technical and financial journals, so that the 
appropriation item was better received at the next session of Congress. Mr. Murray, who had 
accompanied Mr. Buckland in the earlier conference with the Secretary of the Interior, was 
foremost in winning both popular and professional support for the idea, and the strongest pre
sentation of the subject to the House Committee on Appropriations was made by a committee 
appointed by the Engineering Council, of which Mr. Murray was chairman and L. P. Brecken
ridge, professor of'mechanical engineering, Yale University; D. C. Jackson, professor of electrical 
engineering, Massachusetts Institute of Technology; and M. 0. Leighton were the other 
members. 

An appropriation of $125,000, carried in the sundry civil appropriatiqn act for the fiscal 
year 1921, among the items under the United States Geological Survey, authorized the proposed 
investigation in the following language: 

For the survey vf power production and distribution in the United States, including the study of methods for the 
further utilization of water power, and the special investigation of the possible economy of fuel, labor, and materials 
resulting from the use in the Boston-Washington industrial region of a comprehensive system for the·generation and 
distribution of electricity to transportation lines and industries, and the preparation of reports thereon, $125,000. The 
Secretary of the Interior is authorized to receive any sums which may be contributed for this purpose. Such sums 
shall be· deposited in the Treasury and credited to the appropriation herein made and be available for expenditure 
for the purposes ·thereof. 

9 
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The work was promptly organized, and a strong engineering staff was selected by Mr. 
Murray, who had been appointed by the qecretary of the Interior a~ the logical man to 
head this engineering study. The engineers appointed to assist Mr. Murray have met every 
expectation, and great credit is due to them for their tireless enthusiasm for the work, inspired 
by both professional and public spirit, and to Mr. Murray for his wise choice of associates. 
Chief Hydraulic Engineer Grover, of the United States Geological Survey, ·and Chief Mechanical 
Engineer Hood, of the Bureau of Mines, became members of the engineering staff, so as to 
coordinate this special study with the current investigations of the Federal bureaus. This special 
short-period .study was administered as a unit under the water-resources branch of the-Geo:
logical Survey. 

Secretary of the Interior Payne added to the driving force of this intensive study an advisory 
board consisting of men of vision ana experience, representing our railroads, both steam and 
electric, and manufacturing, engineering, and chemical industries. These busy men held eight 
meetings during the year-a service that has added value to this report as now presented. 
The legal and financial aspects of the superpower project formed the subject of discussion at 
several of the meetings of the advisory board, but the formulation of conclusions on these 
aspects was deemed inopportune without further consideration, which it is proposed may be 
given by the board under authority of new appointments by Secretary of the Interior Fall. 

The cooperation of all the industries affected by 'the proposed larger electrification was 
unstinted. Engineering aid was freely given, data were promptly furnished,· and money was 
generously contributed as needed. No "dollar-a-year" men were engaged on this work, ·but 
under the specific authority of Congress $26,000 was contributed by 36 corporations and indi
viduals representing utilities. and industries in the zone. 

The advisory board, under the leadership of Prof. Breckenridge, was kept fully informed 
of each step in the engineering study of the problem, and the active interest of many of the 
members le<;I to constructive criticism, but no further responsibility for the conclusions here 
reported can be placed upon the advisory board. For the work done in the engineering -staff 
a division of responsibility and credit is necessarily difficult, as here ~ group of workers has 

~ thoroughly coordinated its endeavors. In the appendixes to the report the responsibility of 
authorship has been indicated so far as possible, but the credit for the successful issue of the 
year's work must be given to the staff ,as a whole . 

. The investigation was begun on July 1, 1920, and the report was completed on June 30, 1921, 
as contemplated by Congress, a result in itself creditable to all connected with this special study. 

JUNE 30, 1921. 
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A SUPERPOWER SYSTEM FOR THE REGION BETWEEN 
BOSTON AND WASHINGTON. 

By W. S. MuRRAY and others. 

SU.MMARY REPORT. 

By W. S. MuRRAY. 

INTRODUCTION. 

On first presenting the subject considered in this report to the late Secretary of the Interior, 
the l-Ion. Franklin K. Lane, I used the word "superpower"· to describe a system that would 
furnish power to the railroads and the industries within the territory between Boston and Wash
ington that has now become more familiarly known as the superpower zone. (See Pl. I.) 
The system in turn has become known as the superpower system, and as the_investigation has 
progressed it has taken the form of a proposed entity capable of incorporation as either one or 
n1ore superpower companies. 

My association with the power business during the last 15 years in the electric utility, 
railway, and manufacturing fields had so forcefully impressed upon me the unnecessary waste 
of money, labor, and material incident to the present form of power production by unasso
'ciated units that it seemed a constructive move in the interest of large national economy to 
present a plan for coordinated power production which would prevent this waste. · 

In reading this report two things should be kept in mind-first, that the economy in power 
production and distribution thus far attained has been due largely to the electric public utilities; 
·second, that the failure to attain the highest possible economy has been due largely to restrictive 
policies that have inhibited -the expansion of electric public utilities. · 

If this. report accomplishes nothing more than to show the saving in labor, material, and 
money that could be effected by the installation of a power system adequate to serve both 
the railroads and the industries in the superpower zone, then, by·the token of this saving, I plead 
in the name of national economy for a broad policy in legislation, regulation, financing, and 
management that ~ay not only rernove the existing inhibition but may give positive encour- ' 
agement to the expansion of electric utilities, especially within this zone, so that adequate, 
reliable, and cheap power may become available to permit the normal expansion in our indus
tries, together with economical expansion in the capacity of our railroads to handle the increased 
tonnage incident thereto.· 

The physical details of the plan proposed are given under the heading "The superpower 
:system" (pp. 13-15); but, in order that the true objective n1ay not be lost and that the function
ing of the whole, with its total result, may be comprehended, it should be remembered that the 
:superpower system is nothing more than a superutility. All its parts will be fashioned similarly, 
.like the parts, for example, of the New England Power Co., with its .12 power stations and its 
750 miles of transmission lines; but owing to the greater capacities and distances involved.in 
'the superpower system, its generating units and transmission lines will be larger and more 
efficient than those now in use. It will make no difference w]fether the system is a single great 
superutility or several utilities built up separately and functioning in close relation to one 
.another. In applying the principles to be set forth in this report the superpower system should 
be visualized as one great power project serving the superpower zone. · 

11 
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SUMMARY OF CONCLUSIONS. 

The market for superpower energy will be furnished by the electric utilities, the industries} 
and the railroads. The estimated requirement for energy supplied through the electric utilities 
for municipal, private, industrial~ and railroad purposes in 1930 is 31,000,000,000 kilowatt
hours. This energy could be supplied by a coordinated power system such as is described in 
this report at an annual cost of $239,000,000 less than by an uncoordinated system such as is now 
in use. This amount represents the net saving after the necessary fixed charges on total capital 
expend~ture have been deducted. The cost of uncoordinated power production in 1930 is com
puted from the cost of the present system in 1919. The total investment in generating and 
transmission facilities for the superpower system will be $1,109,.'564,000, of which $416,346,000 
will represent the value of existing facilities to be incorporated into the system. 

A study of the 96,000 manufacturing establishm·ents operating within the superpower zone 
shows that by 1930, through the maximum economical use of purchased electric energy, they 
can save $190,000,000 annually above the fixed annual charges against a capital investment of 
$185,000,000 to provide the motor equipment necessar:y to receive and use this power. 

The combined capital investment necessary for the electric utilities and the industries as of 
1930 therefore amounts to $1,294,564,000, and this total investment will yield annually·above 
the fixed charges the sum of $429,000,000, or 33 per cent on the investment. 

Within the superpower zone there are 36,000 miles of railroad measured as single track-that 
is. including each track of main lines, yards, and sidings. Of this total about 19,000 miles can be 
profitably electri~ed, so as to yield by 1930 an annual saving of $81,000,000 as compared with the 
cost of operation by steam. The capital expenditure necessary to electrify the 19,000 miles would 
be $570,000,000, and the average return upon the investment would. therefore be 14.2 per cent. 

· As defined in another section of the report, the superpower system begins at the generating 
stations connected to its lines and ends at the busses of existing electric utilities. Therefore, 
the cost of power discussed i~ this report means cost at the busses of the electric utilities and 
must not be confused with the cost to the ultimate con~umer, which is necessarily much greater, 
owing to the added cost incident to secondary distribution systems.· 

Studies of the operations of each. load center have shown that a large quantity of coal could 
have been saved had superpower facilities been available in 1919. On comparing the coal rates 
of power production in 1919 with those of the superpower system and applying the difference 
to the load that will exist in 1930 we find that the coal saved annually lmder the superpower 
system m·ay be estimated as follows: 

Short tons. 
Electric utilities ........... , .................... · .................................... 19, 149, 000 
Heavy-traction railroads................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, !no, 000 
Manufacturing industries .............................................................. 20, 625, 000 

49,984,000 

The order in which the superpower steam-electric and hydroelectric power plants and 
transmission systems should be constructed must depend (1) on the present industrial demand 
for energy that ·can not be satisfied because of the difficulties of the local electric utilities in 
financing extension~; and (2) on the future d~mand for energy that will result from the more 
economical generation of power under the superpower system. 

Many of the economies incident to superpower operation will be effected through the inter
connection of existing plants and systems, and these economies should be increased -as new 
power plants and interconnections are added. Certain steam pl_ants that are under consideration 
and others that are under construction will be when eompleted as efficient as the proposed base
load steam-electric pl~nts of the superpower system. Notable among these plants are the Hell 
Gate station now being constructed by the United Electric Light & Power Co. of New York 
City and the Delaware station of the Philadelphia Electric Co. However, by keeping in mind 
the two conditions, already stated, that should govern the order of construction, it is believed 
that the quickest return will be obtained by following in chronologie sequence the order of 
procedure outlined on page 13. 

• 
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SUMMARY REPORT. 13 

1. The construction of a steam-electric plant near Pittston, Pa., to supply a part of its 
energy to the Anthracite division of the superpower zone and the remainder to the Metropol
itan division, partieularly New Jersey. 

2. The construction of a steam-electric plant near Sunbury, i>a., to supply a part of its 
energy to the Anthracite division, a part to the Reading load center, and the remainder to 
Philadelphia. 

3. The con~truction of hydroelectric plants on Delaware and Susquehanna rivers to sup
plement the steam plants indicated in par.agraphs 1 and 2. 

4. The progressive development of the Hu~son Rivet projects to meet the growth of energy 
requir.ement at the .Schenectady, Utica,· Poughkeepsie, and Pittsfield· load. centers. 

5.' The construction of a steam-electric plant near Boston to supply the Boston, Lowell, 
and Newburyport load centers. . 

6. The construction of a steam-electric plant near New Haven to supply the New Haven, 
Bridgeport, Waterbury, and Norwich load centers. 

7. The partial construction of the first hydroelectric plant in the development of Potomac 
River as soon as the power demands of the Baltimore and Washington load centers r·equire 
additional plant capacity. 

Plant capacities are not stated above, as they can not be finally determined except by further 
and more detailed study of local conditions combined with regional demands. The load growth 
at all the centers, however, will make it imperative to provide new plant capacity at an early 
date, so that the construction of additional plants, as detailed in Appendix E, must be started 
promptly after the plants that will yield the greatest return have been built. 

THE SUPERPO~TER SYSTEM. 

The territo~y in which the superpower survey has been made-the "superpower zone"
may be described as lying between the thirty-ninth and forty-fourth parallels of latitude and 
extending from the coast approximately ·150 miles inland; embracing parts of the ·States of 
Maine, New Hampshire, Vermont, New York, Pennsylvania, Delaware, and Maryland and 
all of the States of Massachusetts, Rhode Island, Connecticut and New Jersey. (See Pl. I.) 
Within this zone is concentrated one~fourth of the population of the United States, and within 
it are operated, most of them independently, 315 electric utilities, 18. railroads, and 96,000 
industrial plants. The superpower zone is the finishing shop of American industry. 

Unlike the.Pacific coast region, where water power abounds and industry is relatively small, 
. the superpower zon'e has relatively smal1 hydroelectric resources and maximum industrial-power 
requirements. When the increases during the last 10 years are projected to 1930, even at a lower 
rate, the total energy requirement of the zone in that year is found to be 31,000,000,000 kilowatt-
hours, of which about 21 per cent can be supplied from water power. · 

Fortunately some of the best coal deposits in the country lie near this great. industrial 
territory, and a prime economic purpose should be so to conjoin the hydroelectric supply of 
power to the steam-electric supply as to produce a maximum of energy for a minimum invest
ment of capital and a minimum operating expense, and at the same time to conserve the rapidly 
disappearing cheap fuels of the App~lachian coal fields. 

The superpower system here recommended comprehends a plan of power production that 
includes the generation of electricity by steam at tidewater and on inland waters where a suffi
cient quantity of condensing water can be obtained, and also the utilization of all hydroelectric 
power that may be economically obtainable from rivers withi;n. the zone or within transmission 
distance of it. The electric power so generated will be coordinated through a system of inter-· 
connected transmission lines, the potentials of which will be on the order of 220,000 and 110,000 
volts. (For the assignment of these voltages see Appendix E.) 

Plates II and III show how the superpower system should appear in 1925 and 1930. They 
give the locations of the new steam-electric plants, the hydroelectric plants, and the load centers 
for each yen.r and show the interconnecting network of transmission systems required. Had 
superpower been available in 1919 the number of load centers to which its .power could have 
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been supplied economically would have been 20, and this number as"the.maps show, will increase 
to 34 in 1930. · 

Under the present independent operation of the electric utilities and the manufacturing 
industries in the superpower zone the existing power plants are numerous and small. The 
average capacity of the 55.8 electric-utility plants now in operation in the zone is 7,900 kilowatts, 
and that of the steam-electric plants 10,000 kilowatts, while the hydroelectric plants average 
only 2,800 kilowatts. Out of 96,000 industrial establishments in the superpower zone 76,000 
use power, and each of these isolated plants averages about 350 horsepower. Under the super
power system, by contrast, the number of power stations required to supply the entire zone in 
1930 will be only 273, of which 218 will belong to the existing electric utilities. The capacity 
of the base-load steam plants will range from 60,000 to 300,000 kilowatts. In none of these 
plants will there be installed a turbo generator having a capacity of less than 30,000 kilowatts. 

The new power stations and load centers will be· so located with reference to the existing 
electric-utility plants that are to be incorporated in the system as to insure the maximum 
aggregate economy in power generation and transmission. A prime object to be attained in 
the superpower plan is the maximum economic utilization of existing generation and trans
mission equipment. In the early stages, while the superpower system is taking form, existing 
ele·ctric-utility capacity will predominate. Indeed, in 1930, as much as 31 per cent of the total 
superpower capacity will be contained _in plants belonging ·to the present electric-utility com
panies. 

The superpower system would and should fail to achieve its purpose if it should seek to 
supplant or even to compete with the existing electric utilities.· Its object is exactly the reverse. 
In view of the great economies already effected by the electric public utiliti~s, the creation of 
the superpower system can be urged only as it shall come into being to coordinate and supple
ment these utilities and carry to a higher degree the service and the economies incident to their 
present operation. 

It should not be difficult to see, therefore, that the superpower system will provide for a 
series of load centers, at which power may be made available·at lower cost than can be attained 
under the present unassociated systems of power production and distribution. At these load 
centers, located where economy may dictate, power so. made available will be coordinated with 
power generated at existing electric-utility plants and distributed by transmission or distribu-
.tion systems to the consumers, as it is to-day. · 

Under the heading ''Summary of conclusions" it was stated that in the operation of electric 
utilities the superpower system, in comparison with independent operation, would save 
$239,000,000 in 1930. The question might be asked, Could not the same result be attained by 
the electric utilities themselves in the course of their normal expansion~ The coordinated plan 
of power production by the superpower system represents the highest· possible 'commercial 
efficiency'and must therefore yield the maximum economies. I believe that no possible expan
sion of the present uncoordinated electric public utilities can reach the economic results promised 
by the superpower system, for the physical structure of the superpower system, as outlined in 
the appendixes to this report, employs minimum capital and minimum labor to produce a 
maximum of electric energy. 

In the discussion of the superpower system there has been some tendency to look upon it 
more as a company than as a principle, bu.t the foregoing statements should make it clear that 
superpower is merely a name Jor the prin!Jiples that should govern the expansion of the existing 
electric utilities. A better term than superpower would have been superutility. 

The electric utilities, the railroads, and the industries within the superpower zone have 
freely given their data to permit a determination of the amount and location of load and demand 
and have supplemented them with data showing the cost of producing their power in 1919. 
The superpower system will be a r_egional system supplying power through the electric utilities, 
at the highest economy, to the two agencies that are most vital to American existence-industry 
and transportation. The highest economy in investment and operation will be gained by 
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SUMMARY REPORT. 15 

maintaining the .size of the electric generating units at a maximum and thus reducing capital 
and operating cost to a minimum. The highest economy resulting from diversity economy 
will be gained through a wisely ordered interconnecting system of lines· of ·transmission and 
distribution-a. syste~ which alsp offers the highest economy in the development ?f w·ater 
power, for it makes possible the use of a maximum number o{ cubic feet of water per square 
mile of drainage area, thus reducing to a minimum the ·amount of power generated by steam. 

In determining the amount and cost of the power produced within the superpower zone it 
was obviously necessary to select the latest year for which full construction and operating 
information could be obtained-the year 1919. On account of the extremely high cost of ma-

. terial in that year, however, this selection has introduced high fixed. charges; but ~his is offset 
by the saving in high-priced coal and t~e consequent reduction in op~rating expenses resulting 
from the higher efficiency of the superpower system as compared with the present indepen-
dently operated elec~ric utili.ties. . . 

As efficiencies have increased with the enlargement of the plants operated, the cost of 
producing power has been lowered.. The best reflection of this decrease in cost is seen in the 
electric utilities themselves. Much of it has been the result of interconnection, which has per
mitted the use of larger machinery and a better utilization. of water power. In the isolated 
plants and on the railroads, however, although the cost of power has been lowered, the de
crease has been far less, because in both ·of these the power equipment is small and its operation 
~s affected by conditions that prevent much gain in efficiency. 

It may be argued that it would be unfair to extend t~e costs of independent operation for 
1919 to 1930 and at that year strike a difference between them and those of the superpower 
system. This argument can not be gainsaid, but if the figures· representing the cost iri. 1919 of 
unassociated power production are not lowered by 1930 then the full savings previously indi
cated as possible by the superpower systei_n can be claimed. Unquestionably the figures ·for 
1919 will be lowered by the further consolidation of existing utilities, but unless the electric 
utilities act. in co:p1plete cooperation and themselves adopt a plan of coordinated expansion 
by which the load centers of the zone can be supplied with power at minimum cost then the 
economies they can independently effect will never reach the· maximum attainable under the 
superpower system, which involves t~e complete coordination of the existing power stations 
of the el~ctric utilities and the·new stations to be constructed. 

DEFINITIONS. 

A few of the terms used in this repo~t are defined below: 

Assigned locomotlves.-Locomotives actually engaged in runs between termin~ls or in switching operations. 
Base-load pl~nt.-A generating plant designed to carry that part of the load which is practically continuous. 
Capacity factor.-The average load on a plant expressed as a percentage of the effective capacity of the plant. 
Class 1 rallroads.-Railroads having an annual operating revenue of $1,000,000 or more. . 
Cost of power delivered.-The sum of the cost of production and transmission and the general expense. 

·Diversity economy.-The saving made by interconnecting generating stations whose peak loads are reached at dif
ferent times and so distributing the load among stations of different unit operating costs as to deliver power at 
minimum cost. 

Diversity factor.-The ratio of the sum of the maximum power demands of the subdivisions of any system or part of 
a system to the maximum demand of the whole system or of the part of the system under consideration, measured 
at the point of supply. (Standards of the.American Institute of Electrical Engineers, section 3464.) 

Effective capacity.-The rated capacity of a plant as limited by boilers, prime movers, or generators. 
Fixed charges.-The cost of I;lloney, depreciation, obsolescence, taxes, and insurance. 
General expenses.-The administrative, legal, and fixed expenses and expense of office supplies. 
Load factor (hour yearly).-The ratio of the average power to the peak power expressed as a percentage of the peak 

power. 
Operating cost.-The cost of fu:el, operating labor, maintenance, (including depreciation and obsolescence) and 

supplies. 
Peak-load plant.-A generating plant designed to carry the peak loads. 
Production cost.-The sum of the operating cost and fixed charges for a power plant. 
Reproduction cost.-The cost in midyear of 1919 of an up-to-date plant of the same capacity. 
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Total ton-mlles.-The weight of the train in tons, including the locomotive and tender, multiplied by the distance 
run in miles. 

Trailing ton-mlles.-The total weight of the train in tons, exclusive of the locomotive and tender, multiplied by 
the distance run in miles. 

Transmission system cost.-The sum of the operating cost and fixed charges for a transmission system, including 
substations. 

SUMMARY OF APPENDIXES. 

The problem set for the engineering staff, briefly stated, was that of determining the total 
amount and the location of the power load that would be required for municipal, private, in
dustrial, and railroad purposes at a date sufficiently in advance to permit the construction of a 
system of the highest economy to supply it. The date chosen was 1930, and the allocation of 
the load and the power-generating facilities for the six geographic divisions of the superpower 
zone is shown in Appendix E. 
. In the earlier stages of the investigation, therefore, the entire attention of the engineering 
staff was concentrated upon the work of determining the amount and the location of the load. 
This work was done through the cooperation of the electr.ic utilities, the railroads, and the in
dustries within the zone. The engineering staff then undertook to determine the amount and 
·the location of generating and transmission capacity to supply the demand thus ascertained. 

The appendixes, which are here only briefly summarized, are largely, if not entirely, the 
work of their authors, to whom reference is made under "Organization," in Appendix A. I 
believe I can fairly say that in the endeavor to solve the problem set for us the engineering 
staff followed a route ~ which my principal engineering associates, Messrs. Butler, Flood, 
Hutchinson, and Imlay, were in full accord with me. To them and to their assistants may be 
ascribed the full credit for the collection of the information required for the report and a very 
large share· of the credit for working it up. For the details that served as the groundwork for 
the conclusions reached I would suggest a careful study of the appendixes. 

Appendix B. Electric utilities in independent operation in the superpower zone in 1919. 

In the New York, Baltimore, and Washington load centers the predominating frequency is 
25 cycles; in the remainder of the zone it is 60 cycles. 

The electric-utility load will grow from approximately 10,000,000,000 .kilowatt hours in 
1919 to 26,000,000,000 kildwatt hours in 1930. The figure for l930 has been predicated upon 
an annual rate of growth of 9 per cent, a safe figure, for the annual Tate of growth during the 
last 10 years has been 11 per cent. 

Figure 1 shows the distribution of electric-utility load between Boston and Washington 
by load centers for 1919 and indicates the tremendous concentration of power in the vicinity of 
New York City. The data given by the electric utilities concerning load growth are shown 
graphically in figure 21. which indicates th~ decentralization of power that will have taken 
place by 1930. 

It is apparent that the locations for future electric-power plants must lie outside the densely 
populated districts. The high-voltage circuits of the superpower system in general will form 
ring busses around the larger cities of the zone, on the outskirt~ of which will be located sub
stations with transformers having their primaries connected to the superpower circuits and 
their secondaries connected to the existing distribution lines of the electric utilities . 

. The peak loads for the Anthracite and Mohawk-Hudson divisions occur in the morning. 
The peaks for the other divisions occur in the afternoon. The annual peak for the zone as a 
whole occurs about 5 in the afternoon, usually in December. 

Out of 558 electric~utility plants in. the superpower zone there are but 36 whose capacity 
equals or exceeds the average capacity of the plants for the superpower system in 1930. Out 
of the 1,074 generating units of 500 kilowatts or more operating within the zone in 1919, only 
about 20 had a capacity greater than 30,000 kilowatts. 

It is of interest to note that a plant delivering power with a load factor of 40 per 
cent turns out 76 per cent of its energy (kiiowatt-hours) before its capacity (kilowatts) has 
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been taxed 40 per cent, the remaining 60 per cent of its capacity being required for the remain
ing 24 per cent of energy,- thus showing the small amount of energy involved in peak operation. 
This statement brings out the very important point that the superpower system employs 
the generating capacity of the existing electric utilities for application to peak loads, the 
new and larger superpower stations contributing their low-cost energy for base load. 

The relative cost of power production by large and small units is shown. A comparison 
of the production cost for plants greater than 100,000 kilowatts with that of those less 

1
than • 

1,000 kilowatts shows a ratio of 3 to 1 for cost of fuel and 4 to 1 for cost of maintenance and 
supplies in favor of the larger plants. With these marked economies in mind, it is clear that 
base load should be supplied from superpower plants employing units of not less than 30,000 
kilowatts each. 

Table 3 brings out the performance of 400 steam-electric plants and 158. hydroelectric 
plants operating within the superpower zone in 1919. The fuel rate for the average steam
power plant is 2.73 pounds per kilowatt-hour, with a heat requirement of 35,800 British thermal 
units per kilowatt-hour. These figures contrast strikingly with the fuel rate of 1.41 pounds 
per kilowatt-hour and the heat requirement of 18,300 British thermal units per kilowatt-hour 
that can be obtained from the base-load steam-electric plants of the superpower system operating 
at the same annual capacity factor. 

Under independent operation in 1919 the generating capacity required was 46 per cent 
greater than the annual peak load, and the resulting annual capacity factor was 26 per ce'nt; 
under the superpower system in 1930, through joint reserve, the generating capacity required 
will be only 9 per cent greater than the annua~ peak, and the annual capacity factor will be 
45 per cent. 

The reproduction cost for steam and hydroelectric plants under independent operation as of 
1919 is $156 per kilowatt of capacity; the corresponding cost under superpower operation is 
$125 per kilowatt. 

The average unit production cost for the electric utilities in 1919 was 1.93 cents per kilowatt
hour; the cost of the electric power produced by steam was 2.12 cents, and that of the hydro
electric power was 0.94 cent. In the steam-electric base-load plants for the superpower system 
the production cost, based ·upon the same capacity factor tllat is applied to electric independent 
operation, will be 0.99 cent per kilowatt hour, as compared with 2.12 cents. 

Appendix C. Propose~ electrification of heavy-traction railroads in the superpower zone. 

Density of traffic is the controlling factor in railroad electrification. Within the superpower 
zone there is a large railroad mileage upon which the traffic is sufficiently dense to require 
ca.reful consideration of the savings to be effected by electrification-in fuel, in maintenance 
of equipment, and· through economies incident to the reduction ,in train-mi1es. . . 

The zone contains some 36,000 miles of main line, yards, and sidings, of which 19,000 
miles could be profitably electrified. The total capital expenditure necessary to electrify this 
mileage is $570,000,000, and the result of the analysis promises ail annual saving of $81,000,000, 
or 14.2 per cent on the investment. 

The response by the railroads to requests' for data relating to their operations in 1919 has 
been so generous and the compilation of these data in this appendix, with the conelusions 
deduce~ from them, is so complete that instead of attempting to summarize the appendix I 
will only refer to the 1nore general aspects of the problem. 

In the mulier days of railroad electrification, as, for example, on the New York Central, 
the New Haven, and the Pennsylvania, we were all groping and feeling ·our way. That was 
20 years ago, and in this age of rapid progress 20 years is a lo~g time in which to make up our. 
minds regarding the fundamental principles of electrification. Even the dyed-in-the-wool 
steam-locomotive man has become interested· in the electric locomotive, because he has found 
that the steam loconwtive can not perform its work satisfactorily in the environment that 
belpngs to the electric locomotive. The reverse is also true-there are railroad tracks on which 
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electric locomotives have no place:· To find where electric train propulsion should be· used· 
does not, however, completely solve the problem. Money must be obtained to put electric 
loeomotives where they belong. 

When the electrified portions of the New York Central, the New Haven, ·and the 
Pennsylvania were first operated the railroad eompanies paid out their own dollars for their 
motive-ppwer equipment and for the power stations to run it. The -whole expenditure was 

, therefore borne by the railroads. About that time 'Mr. Samuel Insull, with far-seeing per
spective, declared that the power required for electrified railroads should come from the 
large electric-utility plants. I am glad to admit that I .was wrong when with others I · 
disagreed with him. I ·am more glad, however, to say that I stayed wrong only long enough 
to make up my mind to be a party to a contract for 40,000,000 kilowatt-hours per annum 
from. the United· Electric Light & Power Co. to supply the west end of the electrified stretch 
of the New Haven road. Since that date it has been my belief that the production of electric 
energy should be confined to those in the power business and that the railroads should purchase 
electric energy and confine themselves to the transportation business. The railroads will thus 
be assured of adequate, reliable, and cheaper power and will be relieved of the cost of building 
their own power stations. 

A further step of fundamental im.portance that would lighten still more the burclen of 
investment cost, which at this time the railroads are so peculiarly unfitted to carry, would be 
to standardize as far as possible the 1notive-power equipment required for the three classes of 
railroad service-passenger, freight, and ·switching. Such standardization would simplify 
electrification and therefore reduce the cost of maintaining equipment, a~ well as lessen the 
investment cost. Motive-power equipment so· standardized as to be operative on 19,000 miles 
of track would offer a foundation for an equipment trust bond that would be most attractive 
to bankers· and would relieve the railroads of a heavy capital requirement. In short, the 
railroa.ds, not being called upon to build motive-power equipment or power stations, would 
have to pay only the electrification eost incident to their contact and distribution lines, and 
'the charge aga:inst their capital account would be only 20 to 25 per cent of the amount required 
20 years ago, when they were pa}ring 100 per cent of the cost of electrifica-tion. 

· I hoid no brief in this report with regard to systems. It has been well said that either the 
direct-current or the alternating-current system is better than-steam. After these 20 years of 
heavy-railroad electrifica_tion one can not cl~se his eyes to the advantages or disadvantages of 
either system: Though I was instrumental in selecting and inst~lling the single-phase (alter
nating ·current) system on the New York, ·New Haven & Hartford Railroad, I am conscious of 
two elements· that may militate against this system-(1) the low power factor, which calls for 
unproductive· capacity in power-plant· and transmission equipment, and (2) the undeniable 
fact that this. system induces serious electromagnetic effects upon adjacent telegraph and 
telephone facilities. .In the high-voltage direct-current system electromagnetic induction is 
practically eliminated, but -that system has not yet offered a practical multiple-control unit 
equipment such as is necessary to suburban operation. On the ·other hand, the multiple-unit 
equipment of the high-v:oltage single-phase system has given the highest satisfaction on the 
railroads that use it. But these are mere details. The best high-voltage direct-current mul
tiple-unit equipment must be worked out if the railroads in this zone are to be so operated. 
If power is obtained from substations o~ electric-utility companies the ip.vestment cost will be 
practically the same for either of the two systems. 

This explanation should make it clear that neither system is here favored as against the 
other, notwithstanding the fact that in Appendix C the 3,000-volt direct-current system has 
been employed in making the estimates of construction cost. This has been dono only in order 
that a complete system of construction figures could be worked out, from the superpower stations 
to the driving wheels of the motive power. 

Although, the zone is large enough to permit the use of both systems, I would emphasize 
·the recommendation. that the great electric manufacturing companies of this country draw 
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together rather than apart and that they unite in a common sp~cification for electric motive 
power to replace steam, for the final result would be tremendously improved by this action. 

In addition to the argument that the railroad companies should buy powe~ from the electric 
utilities because the utilities are in the business of producing power, there is the very excellent 
argument that the railroad load will not only swell the output of the utilities and therefore per
mit the installation of larger and more economical generating units but will produce the inher
ently high load factor common to railroad operation and thus tend to promote the maximum 
use of the generating capacity installed. 

In contrast with the indicated return of 33 per cent to the electric utilities and the indus
tries through the operation of the superpower system the average return to the railroads on 
the investment necessary to electrify 19,000 miles will be only 14.2 per cent. Of course the 
percentage of return will vary from division to division, and figure 15 (p. 77) shows that this 
variation will be from 11 to 19 per cent. Naturally, therefore, the selection of railroad properties 
to be electrified, aside from requirements for pure increase in capacity, will be governed by the 
p«.:1rcentage of return to be expected. The greater savings attainable by the . utilities and · 
the industries should not overshadow the urgent requirement of railroad electrification. 
As measured to-clay a money return of 14.2 per cent is good, and I think it can be fairly said that 
we ·must now begin to live into the new form of train p~opulsion that is offered by electricity, 
for thus will be created a means of railroad expansion to support the coming American indus
trial expansion, which our .resources and the world requirements can not possibly fail ,to induce . 
within the near future. No one can deny that the system in which we must live should carry 
with it prime principles of economy, which will include these features of commercial efficiency. 
Any saving in the consumption of coal by the railroads means the transfer of cars fron1 waste
ful to productive transportation. 

The normal amount dbmanded annually for extensions and betterments for the railroads 
within the superpower zone is approximately $150,000,000, an amount which ·even in the face. 
of present construction prices would suffice in three or four years to cover the cost of electri
fying all the mileage mentioned. Should we continue to. tinker with ·an old and inefficient. 
machine when it is impossible to escape the installation of the modern and efficient one~ 

· The higher price of coal and labor of the future compared with pre-~~Lr prices, which ,has . 
dislocated the economic balance between railroad grades and the tractive ,power of locomo
tives; the lack of sufficient motive power that has been plainly demonstrated -at-critical periods 
in recent years; the steady increase in the tractive capacity of individu.aJ :Io~omotives n9ted 
during the last 20 years; and the present hauling of trains· weighing two to. three t.i:rnes .. ~s !lluch 
as those of the recent past are· plain indications that in the near future :large: sums of .money. 
must be expended for motive power. ., . 

The well-known characteristics of electric .locomotives, whose capacity and speed are U:ot. 
limited by rail and bridge strength and tunnel clearance, make electrification ~he true system· 
into which we must promptly grow or pay the price for delay. This aspect is one entirely· 
apart from that of the returns to be expected on the proposed capital investment shoWn. in 
this report. · 

Appendix D. Industry in the superpower zone .. 

The maximum economical use of purchased power in the superpower zone in 1919 would· 
have produced a saving in coal amounting to 13,502,100 tons.. To determine this saving it 
was necessary to acertain the coal-burning rates· of the industries that developed their ·own 
power as against the. rates that would have. been required to supply them power from central 
stations. 

Out of 96,000 individual establishments in the zone 76,000 used power. The industries 
analyzed included manufacturing establishments, laundries, mines and quarries, and Govern
ment manufacturing ins.titutions. In Table 48 the industries are listed under 17 main groups, 
which are so subdivided as to form 53 classes. 
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The fundamental information required for the determination of the mechanical power
supply equipment and fuel used by all the industries necessarily had to be .procured from the 
Bureau of the Census, if for no other reason because time would not have permitted its independ
ent compilation. This information is presented in -the tables of the appendix variously-by 
character of po~er supply, by industrial subgroups, by- county, and by size of plant. The 
presentation of the data in this form appears not only to be essential to this analysis but should 
be of great interest and value to all engineers wh~ are interested in industrial power and heat. 

The analysis showed that in 1919 the equivalent of 9,311,440,000 kilowatt-hours was 
developed by prime movers operated by the industries themselves and that 3,338,800,000 kilowatt
hours was purchased. It further shows that it would have been economical to shut down 
4,008,200 horsepower of prime movers and purchase energy to the amount of 5,623,800,000 
kilowatt-hours, which would have made a total of 8,962,600,000 kilowatt-hours purchased in 
1919. The saving in coal thus ·effected would have been 13,502,100 tons-71 per cent of the coal 
used by the industries for producing power, or 25 per cent of all the coal used by the industries. 
In making the industrial power analysis care has been taken not to invade the field of what might 
be termed by-product power-that is, power produced by the industries fron1 coal that would 
have been burned anyway for heat and in industrial processes. The saving determined is that 
made on coal burn,ed for power and chargeable to the supply of power. It has been difficult to 
separate one class of coal burning from the other, yet after consultation with many authorities 
a separation has been made.. . 

In general it has been found that industri~l establishments which require 500 horsepower 
or less can economically purchase energy. Only those that need more than 500 hors~power and 
that have special requirements for heat can generate their own power economically, and even 
these should have central-station connections to take up irregularities of load.· The efficiency 
of power production by isolated industrial plants is precluded from any considerable improve
ment by their necessarily small average capacity. 

A careful study of the power requirement for industrial establishments in the superpower 
zone has been made and has shown that by 1930 an annual ~aving of $190,000,000 can be made 
to the industries themselves above the fixed charges against an investment of $185,000,000 
for the motor equipment necessary to utilize the power. 

Such a result will not of.course.be,effected by any mysterious magical act of a superpower 
system. Indeed, many of the electric utilities have already been in a position to offer large 
savings to the industrial plants within-reach of their distribution circuits. . 

In this study of the economical generation and distribution of power throughout-the super
power zone full allowance has been made for the capital requ,ired to place regional plants in 
action, with their generating and transmission equipment. connected with the distribution 
systems of the existing electric utilities, so as to reach' every industrial worker in the zone. 
It is therefore hoped that this presentation of the saving that can be made may prove worthy 
of consideration by the executive officials of the industrial establishments in .the zone. 

Appendix E. Performance and cost of the superpower system. 

Appendix E summarizes the report. It is built up of the appendixes that precede and 
follow it. It gives the investment cost and the cost of power delivered to the load centers for 
1919, 1925, and 1930. 

The cost of power at the busses of the electric utilities includes a return of 10 per cent. 
on the money invested in the generating and transmission system. It is thought that during 
this present· period of high interest a yield of not less than 10 per cent would be required to 
attract the necessary capital to this form of investment. 

Figure 1 shows the distribution of load in the superpower zone in 1919~ A comparison of 
this diagram with figures 20 and 21 brings out the degree of decentralization that is possible 
through the agency of a superpower system. The 20 load centers of 1919 are increased to 
34 by 1930, and the superpower transmission system can not economically be tapped for a load 
of less than 20,000 kilowatts. 

• I 
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The frequency selected for the superpower system is 60 cycles. At the New York, Balti
more, and Vv-r ashington load centers the principal frequency is 25 cycles, but generator sales 
in the ratio of 9 to 6! in favor of 60-cycle apparatus during the last 5 years and generated out
put in the ratio of 4.75 to 2.2 during the last 10 years unquestionably establish the. trend and 
determine the choice for the superpower system. 

The regional diversity existing in the superpower zone is assumed to be of more theoretical 
than practical importance, except the diversity existing between the Anthracite, :Metropolitan, 
and Southern divisions, which will become very marked with the growth of the Anthracite 
division load by 1925 and 1930. 

Capacity to provide for load growth has been determined largely from the trend of the load 
factor. (See pp. 154-156.) The load factor for the electric utilities within the zone. increased 
from 34 per cent~ 1910 to 39 per cent in 1919. In some of the geographic divisions, such as 
the Metropolitan, the increase in load factor has l;>een very slight; in others it has been large
for example, in the Southern division the load factor has increas~d from 33 to 43 per cent, largely 
owing to additions of industrial load. · 

In 1919 only 15 per cent of the "total output of the electric utilities was hydroelectric power. 
By 1930 this proportion will have been increased to 21 per cent. In 1925 50 per cent of. the 
total generating capacity for superpower operation will be contained in plants owned by 
the present electric utilities, and they will. produce about 26 per cent of the energy. By 
1930 the corresponding percentage of generating capacity will have dropped to 39 per cent, 
and these plants will furnish only 18 per cent of the total output. They will be used princi-
pally to carry peak load. · 

In 1919 the average size of the electric-utility plants within the zone was 7,900 kilowatts; 
by 1930 this size will be increased to 29,900 kilowatts. An even more marked contrast is that 
between the average size of new steam-electric plants to be installed, which is 218,000 kilo
watts, and the average siz.e of the steam-electric utility plants existing in 1919, which is 10,000 
kilowatts. 

Of far-reaching importance, in my opinion, will be the maximum use of diversity econ~my 
made possible by the interconnecting circuits of the superpower system. By diversity economy 
I mean the ability to select capacity that will produce power at minimum cost. 

The unit investment cost in new power plants for the superpower system is $118.25 per 
kilowatt of effective capacity; that for all plants is $125 per kilowatt. The unit reproduction 
cost of the elec.tric utilities in 1919 was $156 per kilowatt of effective capacity. This reduction 
in cost for the superpower system is due to the greatly increased size of the plants. The con
trast is even more striking in the unit investment cost per kilowatt of demand, which is $19.6 
per kilowatt for independent operation and only $1.36 per kilowatt for the superpower system. 

In 1930 the transmission system of the superpower system will represent 9.3 per cent ,of 
the total investment cost. 

The new money required for the superpower system up to 1925 is $453,143,000 and up to 
1930 $693,21.8,000, thus making it necessary to raise $90,600,000 annually for the first five 
yeai's and $48,000,000 annually for the following five years. The early installation of a trans
mission network calls for the higher rate for the first five yea'rs. This rate, however, is justified 
by the annual saving resulting from interconnection .. 

If the demand of 1930 were provided for by the independent systems as constructed to-day 
the total sum required would be $856,000,000, or $85,600,000 a year. Aceordingly the eon
str-uction of the superpower system will involve a saving in investment cost of $163,000,000 
during the next 1.0 years; in other.words, the increase of capacity to meet growing demands can 
be financed by the superpower plan for $16,300,000 annually less than by the normal expansion 
of the existing electric utilities. On page 169 a full comparison is made between independent 
operation and superpower operation for the :years 1919, 1925, and 1930. The net annual 
saving by 1930 above fixed charges and capital is approximately $239,000,000. 

Of great interest is the economic relation established between the joint use of steam and 
waterpower. It is shown that steam and wate-r power can be so combined as to yield annually 
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· $69,550,000 on an increased investment of only $44,838,000. Here is exemplified one of the 
p:r:ime advantages of superpower production, costs being reduced by means of the intercon
·necting system which permits the highest economy in steam-produced power together with the 
maximum. use of water power. 

The lo.ad growth in the Eastern New England, Western New England, and Mohawk-
. Hudson. divisions. should be sufficient to absorb -the total available output of the St. Lawrence 
project by 1932; and the growth in the Metropolitan division should ·be sufficient to absorb 
300,000 kilowatts at a load factor of 80 per cent from Niagara in the same year. Power could 
doubtless be purchased from these hydroeLectric plants at not over $20 per horsepower-year 
·delivered at:their 'bus bars, and accordingly this figure is us.edin determining the effect of this 
arrangement on the cost of power to the· divisions of the sup'erpower zone that would be so 
supplied. : · 
. The total··annual cost for· power delivered in ·1932 to. the load centers of the Eastern New 

·England, Western New England, and Mohawk-Hudson divisions, i{St. Lawrence power is used, 
will be $130,273,000; if the excess energy required in 1932 ·over that of 1930 were furnished by 
new steam-electric plants the cost would be about $141,601,000.. The development of St. 
Lawrence River would therefore save $11,328,000 a year· to these geographic divisions; more
over, the t0tal investment required to utilize purchased St. Lawrence power would be $24,826,000 
less than; that required to construct new steam-electric plants to supply this excess energy. 
In the three divisions mentioned, which lie farthest from the coal fields, the cost of power 

·generated by steam plants is inherently high, and therefore the St. Lawrence development will: 
be of very ·great benefit to them. . 

The total cost to the Metropolitan division for the power it will require in 1932, if Niagara 
power isused, will be $107,651;000. If the growth in energy required between 1930 and 1932 
were supplied from new stean;t-electric plants in the Metropolitan division, the. total cost in 1932 
would ·be $110,899,000, showing an annual saving of $3,248,000 in favor of Niagara power. 
Were the power purchased from the Niagara power interests, the total investment for 1932 
would be $5,080,000 less than that required to generate an equal amount by steam. 

The use. of the St. Lawrence power as ·suggested above would save 2,234,000 tons of coal 
annually, and the use of Niagara power in the Metropolit~n division as suggested would save 

· 1,204,000'tons of coal annually. 
The new power-plant capacity required in the superpower zone would. be 3,098,000 kilo

watts in 1925 and 4,980,000 kilowatts in 1930. 
In Table 76 is sho\vn the cost of power delivered from the new power plants and transmis

sion system of the superpower system for 1930. The lowest rate is that for the Southern 
. division, 6.8 mills per kilowatt-hour; the highest is that.for Western New England, 11.4 mills. 
The average for the whole superpower zone is 8.4 mills. This, however, is the combined rate 
for power generated in· new, large, and highly efficient hydroelectric ~nd steam plants. The 
true comparison in production costs between the superpower system as of 1930 and independent 
operation for 1919 is 9.3.mills per kilowatt-hour as against 19.3 ~ills p~r kilowatt-hour. 

Finally, the appendix shows that in 1930 the cost of the power. produced by the superpower 
system, ·inclusive of fixed charges, as delivered on the busses of the electric utilities, would be 
10.6 mills per kilowatt-hour, whereas the cost under independent operation as of 1919, exclusive 
of fixed charges, would be practically ·the same. This, in my opinion, is the fundamental 

. reason why the expansion of electric utilities should follow the superpower plan. 

Appendix F. Steam-electric plants for the superpower system. . . . . 
Appendix F shows the capacity of the existing plants of the electric utilities to be retained . 

. in the superpower system and their location by geographic ~ivisions.· The total capacity 
retained is 2,677,000 kilowatts, which represents 79 per cent of the effective capacity of the 
steam-electric public utilities in the superpower zone in 1919. The reproduction cost of these 
plants is $329,219,000. 

·~ 
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This appendix presents curves showing the average performance of existing· steam: plants 
and of the plants in the superpower system .. The character and the design of .the base-load 
steam plants are discussed. The performance of the retained stean1 plants shows that these 
should average about 2.15 pounds of coal per ·kilowatt-hour, as against 2.73 pounds per kilowatt
hour for all electric-utility steam plants operating in the zone in 1919, when both groups are 
operating at the same annual capacity factor. 

The average size of the steam plants retained is 44,600 kilowatts, and the reproduction cost 
as of 1919 is $124 per ki}owatt, as against ·$_109.50 for new steam plants as of 1930. After 
consultation with many representatives of manufacturers in all parts of the country and with 
designing and operating engineers, the following operating characteristics for base-load steam 
plants were determi~ed: 

Steam pressure at turbine throttle, 300 pounds per square inch. 
Superheat at turbine throttle, 230° F. 
Final temperature at turbine throttle, 652° F. . 
Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

Of special interest is Table 80, showing summarized estimates of cost for three sizes of base
load steam plants. ·These estimates were made after consultation with many of the best au_thori
ties in power-station design and are considered conservative. 

The base-load steam plants for the system will be composed of units of 30,000 kilowatts or 
multiples thereof, and the largest plant proposed is one of 360,000 kilowatts. · These plants will 
be built in units, and some of them will require the full10 years for their expansion to complete 
size. Plate VIII shows the performance for these plants and takes into account such reasonable 
advances in the art of power production as may be made in 10 years. By 1930 the new steam
electric plants should operate at a capacity factor of about 62 per cent with a fuel r~te of 1.43 
pounds of coal per kilowatt-ho·ur. . · · 

Table 80 shows that the unit investment cost of a base-load steam-electric plant varies but 
little with size after 120,000 kilowatts has been reached, being only 6.5 per cent less for a 360,000-
kil.owatt station than for a 120,000-kilowatt station. On the other hand, the unit cost of a 
30,000-kilowatt plant is 23 per cent more than that of a 120,000-kilowatt plant. · · 

The proposed new steam-electric plants have been so located as to obtain the fullest advan
tage of low: freight rates, easy coal-delivery routes, and ample condensing water. F.ourteen 
new steam-electric plants, aggregating 2,520,000 kilowatts, will be required by 1925, and four 
additional plants, or eighteen in all, aggregating 3,930,000 kilowatts, by 1930. The total for 
1925 is equivalent to 63 pei' cent of all the present steam-electric generating c~pacity in service 
for the utilities, and that for 1930 to 98 per cent. 

In the Anthracite division base-load steam-el~ctric plants, using bJ.Ickwheat ·No.· 3· coal, 
can be operated most advantageously because of the combined us~ of their power for the 
Metropolitan and Southern divisions. The diversity between these divisions and the Anthracite 
division will permit operation at a capacity factor of 75 per cent, and under these conditions 
electric energy can be·produced in 1930, inclusive of fixed charges, at 5.7 mills per kilowatt-hour. 
This figure is sufficiently low to permit the additional fixed charges on transmission for the part 
of the power that is sent to the tidewater region. 

·There are three steam-electric power-station sites in the Anthracite region-one near Pittston, 
one near the mouth of Nescopeck Creek, and one near Sunbury, all in Pennsylvania and all 
on Susquehanna River-at which sufficient condensing water is available to permit the develop
ment of 3{)0,000 kilowatts each.· 

Appendix G. Hydroelectric plants for the superpower .system. 

The construction of a hydroelectric plant is economically justified if it.produces its power 
at a cost less than that of a steam-electric plant of the same capacity. With'maximum devel
opinent of water power, however, the hydroelectric energy available within the superpower 
~one will amount to less than 21 per cent of the total electric power required in 1930. 

. . f 
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Of especial importance in determining the location and capacity of the new water-power 
plants for the zone is the economy attained by the development of rivers beyond their primary 
power. The dam· and headworks of a hydroelectric plant. are the principal items of its cost. 
Additional generating units can be installed at half the cost of providing the same steam
electric capacity, and the construction of storage reservoirs will increase the capacity of the 
plant above the primary power of the river for effective use under peak loads. 

The princip·al rivers which can contribute water power to the superpower zone are the 
Potomac, Susquehanna, Delaware, Hudson, and Connecticut. It is proposed to utilize power 

·from these rivers in 1930 to the following extent: 

River. 
Output Production 

Capacity (millions of Investment. cost (mills 
(kilowatts). kilowatt- per kilo-

. hours). watt-hour). 

200,000 950 $22,000,000 3.36 
185,000 1,230 28,000,000 3.22 
350,000 1,250 51,500,000 5.95 
150,000 900 38,350,000 5.84 
165,000 760 29,000.000 5.45 

Potomac ...................................... _ ......•........... 
Susquehanna ................................................... . 
Delaware ....................................................... __ 
Hudson ......................................................... . 
Connecticut ............. ~ ................ , ....................... . 

It is proposed to develop these rivers above their primary power capacity for peak-load 
operation. 

The water powers of Niagara and St. Lawrence rivers are within transmission distance of 
the superpower zone, but on account of the time required for constructio~ on the St. Lawrence 
and of the treaty restrictions concerning the.use of the water at Niagara Falls the power from 
these sources has not been considered available in the zone prior to 1930. 

Under present construction and operating costs power purchased at Niagara or on St. 
Lawrence River at $20 a horsepowe:r, ready for transmission at those points at potentials of 
not less than 220,000 volts, can be placed at Utica and Schenecta-dy, N.Y., and at Northampton, 
Mass., for 4.6 mills per kilowatt-hour, and at Paterson, N.J., for 5.7 mills. These figures assume 
purchases of not less than 300,000 kilowatts delivered at a load factor of not less than 80 per 
cent. 

The reproduction cost of the 451,500 kilowatts of existing hydroelectric· capacity within 
the zone is $87,127,000. The new hydroelectric capacity which should be installed by 1930 
will bring the total capacity up to 1,5.01,500 kilowatts, of which the old plants will represent 
30 per cent. In 1930 the total hy·droelectric investment will be $245,977,000, of which the 
old plants will represent 35 per cent. 

Appendix H. The superpower transmission system. 

So far as ~he existing electric utilities are concerned the superpower system begins and 
·ends at their power-station busses, and so far as the new superpower plants are concerned it 
begins at these plants and ends on the busses qf the existing electric utilities. 

In presentations of the superpower plan I have said, ''The primaries of to-day will be the 
secondaries of to-morrow." The existing transmission systems of the electric-utility companies, 
which comprise about 1,200 miles operated at 33,000 volts or higher, will become distribution 
rather than transinission systems, and they will of necessity require expansion to distribute 
the additional power delivered to them from the superpower system. 7'he transmission features 
of the superpower system will therefore have to do only 'with the transmission of power from 
the new plants to load ce~ters and to .the busses of the existing electric-utility plants. 

In 1930 the superpower transmission system should consist of 970 circuit miles of 220,000-
volt lines and 4,696 circuit miles of 110,000-volt interconnecting lines. To these lines will be 
connected 5,600,000 kilovolt-amperes of transformer capacity, not including the transformer 
capacity in the base-load steam-electric plants. The construction of the transmission systems 
for the St. Lawrence and Niagara dev~lopments will add 3,140 circuit miles of 220,000-volt lines 
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and 1,824,000 kilovolt-amperes of transformers. Thus potentials of not less than 220,000 volts 
will be selected to transmit power from plants that are at considerable distances from the 
general interconnected superpower plants, and within the zone a potential of not less than 
110,000 volts will be employed for interconnection between power and load centers. Plates 
II and III illustrate the proposed transmission arrangements. 

In our study of the transmission problem within and without the superpower zone we have 
been most fortunate in obtaining advice and counsel from most of the high-tension experts of 
this country. Throughout this study it has been assumed as a necessary condition that the 
factor of reliability of transmission service for the superpower system must be the same as that 
of the busses of the power stations themselves. The transmission system has therefore been 
considered merely as a high-tension extension of those busses. 

Appendix I. Reliability of service . 

. The inherent features of the superpower system themselves constitute adequate provision 
for reserves throughout its structure. 

Appendix J. The r.elation of coal and coal-delivery routes to the superpower system. 

The elements of greatest importance in insuring a continuous supply of power are coal 
and the routes by which coal is delivered to the superpower stations. Table 97 shows the 
distribution and use of coal in the superpower zone in 1919. 

Plate X shows the available coal-mining districts and the principal rail routes to the pro
posed base-load steam-electric plants for 1930.. This map relates especially to bituminous 
coal, for the plants that burn anthracite will be built in the anthracite region. . 

Throughout the study the cost of bituminous coal at the mines has been taken at $2.90 
per short ton-the weighted average cost for 1919 to the industries that used bituminous coal. 
Doubtless labor costs will be reduced, but this reduction will be offset by the necessity of develop
ing deeper mines and thinner seams and of extending underground haulage. The freight rates 
for 1919 were used in the calculations made for that year, but in the calculations for 1925 and 
1930 the freight rates in force January 1, 1921, have been used~ 

For buckwheat coal used at stations in the anthracite region $1.75 per long ton has been 
used as the mine price for all periods, with $1 per long ton as the gathering charge. 

The cost of coal delivered to the several load centers is shown in Table 98. Naturally 
these costs have played an important part in .determining the location of ateam-electric power 
stations. 

Six months' storage capacity for each plant is recommended and would yield obvious 
advantages. It would absolutely prevent interruption of service due to lack of fuel; it would 
permit the purchase of coal at the lowest price; and it would help to stabilize the mining and 
transportation industries by making the demand for coal more uniform. 

The question whether the superpower system should own coal mines, coal cars, coal-delivery 
routes, either or all, has been considered, and it has been concluded that the superpower system 
should confine its activities to the production of power and the storage of coal. 

Appendix K. Use of process fuels and pulverized coal for base-load steam-electric plants. 

Under present conditions, in general, coal must be used in raw form to produce cheap power. 
Coal is treated by certain processes for two purposes-to plac~ its energy in more desirable form 
and to recover valuable by-products. If power is produced by the use of either coke or gas from 
process:.fuel plants the value of the remaining products, when credited to the cost of such fuels, 
is not sufficient to reduce their cost below that of raw coal. As certain by-products are essential 
in time of war regardless of cost, however, it has been deemed desirable in selecting a site for a 
superpower station to provide space for a processing plant and to adopt a method of boiler-room 
construction that will permit the use of process fuel if and when its use is found desirable. 

Appendix K compares the results of the use at base-load steam-electric plants of process 
fuels prepared by four methods. Table 99 shows that the cost of fuel prepared by three of the 
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four processes is higher than that of raw coal. Where gas is the process fuel made at by-product 
coke ovens it is cheaper than raw coal, but the large quantity of coke produced and the difficulty 
of disposing of it make this process generally impracticable. In certain situations, however, as 
the appendix points out, if the gas can be sold at a sufficiently high price processing of fuel may 
be economical. 

The greatest promise regarding process fuel lies in the .direction of devising plants that will 
convert raw fuel entirely into gas for consumption under the boilers at steam-electric stations 
and thus eliminate the enormous concentration of coke. Sueh a process plant used in combina
tion with a steam-electric plant may produce fuel at a cost materially lower than that of raw 
coal, but the experimental work done is not yet sufficient to permit a stronger statement 
than that the progress made is exceedingly encouraging. 

Appendix L. Basic costs. 

Appendix L, which considers cost of money, depreciation and obsolescence, and taxes.anrl 
insurance, is so brief that it is in itself a summary. The term'·' general expense," used in the 
estimates of cost of power production, includes salaries and expenses of administrative officers, 
engineers, and legal counsel, salaries of clerks, and expenses covering cfaims, stationery, printing, 
etc. Amortization, taxes, and insurance have been included under "fixed charges'' rather than 
in this i tern. · 

Figure 61 shows the relation of "general expense" to annual gross revenue. This curve 
shows the small rate of percentage increase in charge for general expense for revenue· above 
$3,000,000 and the marked increa~e for reven~e less than $3,000,000. 



APPENDIX A. 

ORGANIZATION. 

By w. s. MURRAY. 

In planning this investigation and effecting its organization it was. clear that the power 
market to be served by the proposed superpower system would be divided between the electric 

. utilities, the railroads, and the isolated industrial establishments. Accordingly, Mr. Lorin .E . 
.. Imlay, Dr. Cary T. Hutchinson, and Mr. Henry W. Butler were recommended and appointed, 
. respectively, as division engineers in charge_ of the departments of power and tran~mission, of 
railroads, and of industries. . 

Associated with the division engineers as ·assistants, with duties so shifted as to maintain 
the highest engineering load factor in the work, were Messrs. Harold Goodwin, jr., Malcolm 
MacLaren, Norman C. McPherson, E. -M. Newlin, B .• J. Peterson, T. B. Rutherford, Arthur R. 
Wellwood, and Lyle A. Whitsit. I desire to make special- mention·of the able services rendered 
by these men. 

Mr. N. C. Grover, 'chief hydraulic engineer of the United States Geological Survey, and Mr. 
0. P. Hood, chief mechanical engineer of th~ United States Bureau of Mines, were detailed for 
advisory service on the engineering staff. Mr. Gro-yer, in addition to serving in his .capacity 
as hydraulic engineer, rendered much assistance· in administrative work, and Mr. Hood 
especially studied ·the problems pertaining to the use of p:r;ocess fuels. ' 

Th.at the work in all departments might be completely coordinated a· principal assistant, 
charged with the assembling of all data and the preliminary preparation of the text of the report, 
was impera.tively needed,_ and for this responsible duty Mr. Henry Flood, jr., was appointed, 
with the title of engineer-secretary. · The duty of the engineer-secretary included the checking 
and coordination of the information collected ·for the· several appendixes, and the speed of its 
collection or compilation for any· p·articular appendix was increased or slackened, as occasion 
might require, .to make it fit in with the rest,· so that the report as a whole could be com
pleted on time. 

An advisory board was selected, ~onsisting of the following members: 
Lester P. Breckenridge (chairman), profes~?or of mechanical engineering, Yale University, New Haven, Conn.; 

representing fuel engineering. 
·Magnus W. Alexander, managing dire.ctor, National Industrial Conference Board, Boston, Mass.; representing 

National Industriai Conference Board. 
Edward G. Buckland,· vice president New York, New Haven & Hartford Railroad Co., New Haven, Conn.;· 

representing New England railroads. 
Charles L. Edgar, president Edison Electric Illuminating Co. of Boston, Boston, Mass.; representing 

National Electric Light Association. · 
Abraham T. Hardin, vice president New: York Central -Railroad Co., ·New York City; representing New 

York railroads. 
Herbert Hoover, now Secretary of Commerce, Washington, D. C.; when appointed, president American 

Institute of Mining and Metallurgical Engineers; representing the mining industry. 
William Kelly, Colonel, United 'States Army, Washington, D. C.; representing the War Department. 
Elisha Lee, vice president Pennsylvania Railroad Co., Philadelphia, Pa..; representing railroads south of New 

York .. 
Arthur D. Little, president of Arthur D. Little, Inc·., Cambridge, Mass.; representing electro-chemical and 

by-products industries. 
James H. McGraw, presiden~ McGraw-Hill Co., Inc., New York City; representing the technical press. 
John H. Pardee, president J. G. V\ihite Management Corporation, New York City; representing American 

Electric Railway Association. · 
Henry C. Perkins, mining engineer, 'Vashington, D. C.; representing the mining industry. 
Matthew S. Sloan, president Brooklyn Edison Co., Brooklyn, N. Y.; representing National Electric Light 

Association. 
27 
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During the year eight meetings of the advisory board were held, and for the counsel and 
advice offered by its members I now express my most sincere appreciation. 

Prof. L. P. Breckinridge, chairman of the advisory board, 'Yho has been constant in attend
ance at the meetings of the board and at many of the meetings of the engineering staff, has been 
encouragement personified. and with his circumspection and his ability as a leader in the 
solution of the fuel problem has been of invaluable assistance. _ 

I believe I can say without contradiction that the engineering staff is a unit in the findings · 
of this report, and I can find no words to express fitly the tribute I owe these men for their 
loyalty and their able assistance. 

The engineering staff, for all the members of which I speak, are especially grateful to the 
experts mentioned in the following list. To them apparently cam·e the sense of responsibility 
of contributing their experience ·to the fullest whe:r;e it was required. They made it apparent 
to me that I coUld call on them eXhaustively, for they realized the· national importance of this 
problem .• Many, therefore, have been the consultations held with them, and their advice is 
reflected in the pages of this report. · 

W. K. Archbold, Archbold-Brady Co., Syracuse, N. Y. 
A. H. Armstrong, General Electric Co., Schenectady, N.Y. 
W. S. Barstow, W. S: Barstow Management Association, New York City. 
H. B. Bradford, Edge Moor Iron Co., New York City. 
George Foran, Worthington Pump & Machinery Corporation, New York City. 
F. C. Hanker, Westinghouse Electric & Manufacturing Co., East Pittsburgh, Pa. 
·F. L. Hunt, 1.'urners Falls Power Co., Greenfield, Mass. 
John B. Leeper, American Bridge Co., Pittsburgh, Pa. 
P.M. Lincoln, Lincoln Electric Co., Cleveland, Ohio. 
William Nesbit, Westinghouse ·Electric & Manufacturing Co., New York City. 
William Barclay Parsons, consulting engineer, New York City. 
Hugh Pattison, Westinghouse Electric & Manufacturing Co., New York City. 
Ernest W. Prags·t, General Electric Co., Schenectady, N.Y. 
David B. Rushmore, General Electric Co., Schenectady, N.Y. 
F. H. Shepard, Westinghouse Electric & Manufacturing Co., New York City. 
John A. Stevens, consulting engineer, Boston, Mass. 
P~rcy H. Thomas, consulting engineer, New York City. 
Theodore Varn~y, Aluminum Company of America, Pittsburgh, Pa. 
Hosea Webster, Babcock & Wilcox Co., New York City. 
Sidney Withington, New York, New Haven & Hartford Railroad Co., New Haven, Conn. 

A host of others, engineers and business men, contributed most valuable and pertinent 
information to this work, and I wish to make here the most grateful recognition of their services. 
The names of these coworkers follow, classified as to the nature of the information furnished: 

Power and transmission. 

Ralph W. Atkinson, assistant chief engineer, Standard Underground Cable Co.; Perth Amboy, N.J. 
A. 0. Austin, Ohio Insulator Co., Barberton, Ohio. 
H. A. Barre, Southern California Edison Co., Los Angeles, Calif. 
F. G. Baum, consulting engineer, San Francisco, Calif. 
H. M. Beugler, operating manager, Central Hudson Gas & Electric Co., Poughkeepsie, N.Y. 
E. H. Beugler, vice president, Foundation Co., New York City, 
Francis Blos8om, Sanderson & Porter, New York City. 
H. V. Bozell, Electric Railway Journal, New York City. 
W. B. Brackenridge, senior vice president, Southern California Edison Co., Los Angeles, Calif. 
H. W. Buck, Viele, Blackwell & Buck, Ne)v York City. 
Charles I. Burkholder, general manager, Southern Power Co., Charlotte, N. C. 
N. A. Carle, chief engineer, Puulic Service Electric Co., Newark, N.J. 
Charles W. E. Clark, chief mechanical engineer, Dwight P. Robinson Co., New York City. 
C. S. Co-;k, general manager, Duquesne Light Co., Pittsburgh, Pa. 
Hugh L. Cooper, president, Hugh L. Cooper & Co., New York City. 
M. J. Daley, care of Fred T. Ley & Co. (Inc.), Springfield, Mass. 
C. W. DeForest, chief engineer, Union Gas & Electric Co., Cincinnati, Ohio. 
G. C. Derry, B. F. Sturtevant Co., Boston, Mass. 
H. H. Dewey, power and mining-engineering department, General Electric Co., Schenectady, N.Y. 

\· 

'· 
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P. M. Downing, Pacific Gas & Electric Co., San Francisco, Calif. 
McKee Duncan, consulting engineer, Duncan, Young & Co., New York City. 
E. D. Edmonston, general superintendent, Consolidate<;). Gas & Electric Light Co., Baltimore, Md. 
W. C. L. Eglin, chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 
Boyd Ehle, consulting engineer, Sanderson & Porter, New York City. 
L. L. Elden, Edison Electric Illuminating Co. of Boston, Boston, Mass. 
John B. Fisken, engineer, Washington Water & Power Co., Spokane, Wash. 
J. B. Foote, chief engineer, Consumers Power Co., Jackson, Mich. 
F. S. Freeman, superintendent of power, Boston Elevated Railway Co., Boston, Mass. 
E. U. Gibbf:l, chief engineer, S. Morgan Smith Co., York, Pa. 
E. M. Gilbert, chief engineer, W. S. Barstow Management Association,· Reading, Pa. 
C. E. Groesbeck, vice president, Electric Bond & Share Co., New York City. 
John L. Harper, vice president and chief engineer, Niagara Falls Power Co., Niagara Falls, N.Y. 
R. S. Hopkins, assistant manager, sales department, Standard Underground Cable Co., New York City. 
Dugald C. Jackson, Jackson & Moreland, Boston, Mass. 
J. Alan Johnson, electrical engineer, Niagara Falls Power Co., Niagara Falls, N.Y. 
J. P. Jollyman, Pacific Gas & Electric Co., San Francisco, CaH£. 
Peter Junkersfeld, Stone & Webster (Inc.), Boston, Mass. 
Col. Charles Keller, Board of Engineers for Rivers and Harbors, Washington, D. C. 
John H. Lawrence, engineering manager, Thomas E. Murray (Inc.), New York City. 
H. P. Liversidge, assistant chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 
James Lyman, Sargent & Lundy, Chicago, Ill. 
A.M. Lynn, president, West Penn Power Co., Pittsburgh, Pa. 
E. H. McHenry, Ardmore, Pa. 
S.C. Moore, general manager, New England Power Co., Worcester, Mass. 
P. J. Morrissey, vice president, Pennsylvania Public Service Corporation, Johnsto-;vn, Pa. 
William S. Munroe, Sargent & Lundy, Chicago, Ill. 
George A. Orrok, consulting engineer, New York City. 
Farley Osgood, vice president and general manager, Public Service .Electric Co., Newark, N.J. 
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John Overn; manager hydraulic division, William Cramp & Sons Ship & Engineering Co., Philadelphia, Pa 
J. W. Parker, assistant to vice president, Detroit Edison Co., Detroit, Mich. 
F. W. Peck, consulting engineer, General Electric Co., Pittsfield, Mass. 
Charles Penrose, assistant general manager, Day & Zimmerman, Philadelphia, Pa. 
N. L. Pollard, electrical engineer, Public Service Electric Co., Newark, N. J. 
N. G. Reinicker, superintendent, Pennsylvania Power & Light Co., Allentown, Pa. 
J. W. Rickey, hydraulic engineer, Aluminum Company of America, Pittsburgh, Pa. 
Charles A. Ruffner, president, Adirondack Power Co., Amsterdam, N.Y. 
Frank C .. Sargent, vice president, Charles H. Tenney & Co., Boston, Mass. 
E. F. Scattergood, electrical engineer, Bureau of Power & Light, Los Angeles, Calif. 
H. H. Schoolfield, chief engineer, Pacific Light & Power Co., Portland, Oreg. 
R. F. Schuchardt, electrical engineer, Commonwealth Edison Co., Chicago, Ill. 
Prof. Charles F. Scott, Yale University, New Haven, Conn. 
C. A. Sears, manager, Mississippi River Power Co., Keokuk, Iowa. 
Paulding T. Sellers, general superintendent, Buffalo General Electric Co., Buffalo, N.Y. 
Carroll H. Shaw; New York Edison Co., New York City. 
Emory J. Shute, assistant superintendent, Penn Central Light & Power Co., Altoona,·Pa. 
S. D. Sprong, electrical engineer, Brooklyn Edison Co., Brooklyn, N.Y. 
L. B. Stillwell, consulting engineer, New York City. 
V. M. F. Tallman, power engineer, Charles H. Tenney & Co., Boston, Mass. 
Philip Torchio, chief electrical engineer, New York Edison Co., New York City. 
Maj. M. C. Tyler, Corps of Engineers, United States Army, Washington, D. C. 
J. A. Walls,. vice president and chief engineer, Pennsylvania Water & Power Co., Baltimore, Md. 
A. E. Welles, mechanical engineer, J. G. White Engineering Corporation, New York City . 
• T. F. Wessel, vice president, United Gas & Electric Engineering Corporation, New York City. 
W. M. White, chief engineer, Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 
Clifton W. Wilder, New York Edison Co., New York City. 
Col. W .. P. Wooten, United States Lake Survey, Detroit, Mich. 

Industries. 

Dan Adams, Lockwood, Green & Co., Boston, Mass. 
Joseph Brobston, vice president, Dexter Portland Cement Co., Nazareth, Pa. 
J. F. Daly, chief clerk, Division of Manufactures, Bureau of the Census, Washington, D. C. 
F. F. Dickerman, engineer, Philadelphia, Pa. 
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Crosby Field, engineering manager, National Aniline & Chemical Co., New York City. 
B. P. Foster, electrical engineer, E. I. DuPont de Nemours & Co., Wilmington, Del. 
John J. Gillespie, United Shoe Machinery Co .. , Boston, Mass. 
Eugene G. Grace, president; Bethlehem Steel Co., Bethlehem, Pa. 
E. F. Hartley, chief statistician for manufactures, Bureau of the Census, Washington, D. C. 
J. A. Hedgcock, Management Engineering & Development Co., Dayton, Ohio. 
H. A. Hornor, consulting engineer, Buckingham Valley, Bucks Comity, Pa. 
W. F. James, Westinghouse Electric & Manufacturing Co., Philadelphia, Pa. 
W. MacDonald, Swift & Co., Chicago, Ill. 
D. M. Meyers, consulting engineer, New York City. 
Edward L. Moreland, Jackson & Moreland, Boston, Mass. 
Rollin Norris, United Gas Improvement Co., Philadelphia, Pa. 
George H. Perkins, consulting engineer, Boston, Mass. 
W. J. Serrill, United Gas Improvement Co., Philadelphia, Pa. 
H. S. Taylor, Management Engineering & Development Co., Dayton, Ohio. 
W. S. Timmins, consulting engineer, New York City. 
J. M. Wadsworth, general superintendent, Empire Refineries (Inc.) Tulsa, Okla. 
H. M. Warren, electrical engineer, Delaware, Lackawanna & Western Railroad Co., Scranton, Pa. 
R. H. ~~ite, engineer of construction, American Locomotive Co., Schenectady,.N. Y. 
William Wilcox, vVhitlock Coil Pipe Co., Boston, Mass. 
R. K. Wright, electrical·engineer, Baldwin Locomotive Works, Philadelphia, Pa. 

Coal and by-products. · 

W. H. Blauvelt, Semet-Solvay Co., Syracuse, N. Y. 
F. P. Coffin, research laboratory, 'General Electric Co., Schenectady, N.Y. 
A. C. Fieldner, Bureau of Mines, Washington, D. C. 
William P. Frey, fuel engineer, Lehigh Coal & Navigation Co., Lansford, Pa. 
E. W. Hess, civil e:p.gineer, Clear.field, Pa. 
A. H. Horton, United States Geological Survey, Washington, D. C. 
Rudolph Kudlich; Bureau of !fines, Washington, D. C. 
C. E. Lesher, editor of Coal Age, New York City. 
H. M .. Matthews, coal~traffic manager, Baltimore & Ohio Railroad Co., Baltimore, Md. 
R. J. Montgomery, vice president, Philadelphia & Reading Coal & Iron Co., Philadelphia, Pa. 
E. W. Parker, Anthracite Bureau of Information, Philadelphia, Pa. 
Henry M. Payne, consultipg engineer, New York City. · 
F, B. Pryor, Consolidated Coal Co., Fairmont, W. Va. 
George S. Rice, chief mining engineer, Bureau of Mines, Washington, D. C. 
W. J. Richards, president, Philadelphia & Reading Coal & Iron Co., Philad'elphia, Pa. 
J. S. Sillyman, mining engineer, Altoona, Pa. 
G. N. Snider, coal-traffic manager, New York Central Railroad Co., New York City. 
F. T. Snyder, Gas Producer Products (Inc.), New York City. 
W. W. Taylor, acting vice president, International Coal Product Corporation, New York City. 
Samuel A. Taylor, consulting engineer, Pittsburgh, Pa·. · 
F. G. Tryon, United States Geological Survey, Washington, D. C. 

Heavy traction. 

Prof. W. J. ·cunningham, School of Transportation, Harvard University, Cainbridge, Mass. 
J. H. Davis, electrical engineer, Baltimore & Ohio Railroad Co., Baltimore, Md. 
F. B. Freeman, chief engineer, Boston & Albany Railroad Co., Boston, Mass. 
A. W. Gibbs, chief·mechanical engineer, Pennsylvania System, Philadelphia, Pa. 
George Gibbs, consulting engineer, New York~ · 
Edwin B. Katte, director electric traction, New York Central Railroad Co., New York City. 
M. W. Manz, development engineer, Ohio Brass Co., Barberton, Ohio. · 
C. H. Quinn, electrical engineer, Norfolk & Western Railway Co., Roanoke, Va. 
J. T. Wallis, chief of motive power, Pennsylvania System, Altoona, Pa. 

Law and finance. 

H. M. Addinsell, Harris Forbes & Co., New York. 
A. E. Barrows, president, Narragansett Lighting Co., Providence, R.I. 
T. R. Beal, president, Central Hudson Gas & Electric Co., Poughkeepsie, N.Y. 
A. W. B'urchard, vice president, General Electric Co., New York. 
Frederick Darlington, Westinghouse Electric & Manufacturing Co., New York. 
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F. M. Feiker, Assistant to the Secretary of Commerce, Washington, D. C. 
H. I. Harriman, president, New England ·Power Co., Boston, Mass. 
John Price Jackson, Ardmore, Pa. 
John W. Lieb, vice president, New York Edison Co., New York. 
Joseph B. McCall, president, Philadelphia Electric Co., Philadelphia, Pa.· 
Thomas M. McCarter, president, Public Service Electric Co., Newark, N.J. 
D. E. Manson, vice vresident, Charles H. Tenney & Co., Boston, Mass. 
S. Z. Mitchell, president, Electric Bond & Share Co., New York. 
Thomas E. Murray, president, Thomas E. Murray (Inc.), New York. 
E. W. Rice, president, General Electric Co., New York. 
James Sheldon, Lee Higginson & Co., New York. 
Guy E. Tripp, chairman board of directors, Westinghouse Electric & Manufacturing Co., New York. 
Herbert Wagner, president, Consolidated Gas, Electric Light & Power Co., Baltimore, Md. 
0. D. Young, vice president, General Electric Co., New York. 
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An appropriation of $250,000 was requested to cover the investigation and report. Con
gress appropriated $125,000, with the proviso that additional funds could be subscribed by the 
parties in interest. The electric utilities, industries, and railroads rendered so much valuable 
engineering assistance that the additional amount required to complete the investigation and 
report was· only $26,000. This amount was subscribed by the electric public utilities and 
manufacturers within the zone, and its welcome receipt is now gratefully aclmowledged. The 
sum of $25,000 of the Federal appropriation was expended "for a survey of power production 
and distributio.n in the United States" in accordance with the terms of the appropriating act. 

In concluding this investigation I wish to say that when I was asked by the Secretary of 
the Interior to accept the chairmanship of the superpower survey I did so with the predominating 
thought that a large responsibillty would be attached to the authorship of the report to be 
prepared, and that in this great work no one man should assume that responsibility. Nothing 
can so surely bring success to an enterprise of this kind as its prosecution under the concordant 
action of a large number of minds. The estimate of the saving to be effect.ed by the superpower 
system in H)30 is based upon the cost of power production in 1919, and we have no doubt that 
it can bo made. We also agree that much of this saving can be made through the nat'..Iral 
expansion of the electric pu.blic utilities, but if these utilities, which are the only instrumentalities 
through which maximum economy can be attained, will cooperate 100 p~r cent to the end that a 
·coordinated expansion through interconnecting systems of transmission and distribution circuits 
shall be made, then the shortest route to a maximum national conservation of money, labor, and 
material will have been mapped out. To show that such a project is feasible and would be 
profitable was the task.~hat confronted my organization on July 1, 1920. 



APPENDIX B. 

ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN THE SUPERPOWER 
ZONE IN 1919. 

By L. E. IMLAY, T. B. RuTHERFORD, and others of the engineerin_g staff. 

DEMAND AND OUTPUT. 

Table 1 shows the distribution of load, the demand, and the requirements of energy for 
electric utilities in the superpower zone in 1919 a1;1d the frequencies in use. 

TABLE I.-Distribution of load, by geographic divisions and load centers ,for electric utilities in the superpower zone in 1919. 

Maximum demand (thousands of kilowatts). Energy output (millions of kilowatt-hours). 

Geographic division and load 
center. Otherfre- Other fre-25 cycles. 60 cycles. quencies. Total. 25 cycles. 60 cycles. quencies. Total. 

Eastern New England: 
Boston ............... 68.06 122.14 52.96 243.16 240.18 380.72 151. 77 772.67 
LowelL .............. 4.56 62.18 l. 82 68.56 13.85 176.05 7.11 197.01 
Providence ........... 25.80 128.95 6.02 160. 77 65.87 370.27 14.66 450.80 
Worcester ............ 11.00 86.81 2.52 100.33 30.60 314.24 7.09 351. 93 

109.42 400.08 63.32 572.82 350.50 1,'241. 28 180. 63 1;772.41 

Western New England: 
Hartford ............ 6.60 50.47 3.98 61.05 26.02 133.66 7.87 167.55 
New Haven .......... 33.68 90.47 21.06 145.21 133.00 248.30 54.77 436.07 
Northampton ........ 4.60 94.04 9.23 107.87 14.14 293.64 10.59 318.37 

44.88 234.98 34.27 314.13 173.16 675. 60 73.23 921.99 

Mohawk: 
Utica ................ l. 57 25.36 .14 27.07 5.86 78.02 . 37 84.25 
Schenectady.'.. ....... 13.10 8.50 87.20 108.80 30.92 28.02 294.97 353.91 

I 

14.67 . 33.86 87.34 135.87 36.78 106.04 295.34 438.16 
' 

Metropolitan: 
Newark ............. 27.00 154.18 12.14 193.32 121. 27 594.26 15.64 731.17 
New York ............ 809.00 148.79 13.89 971. 68 2,648.99 477.34 9.17 3,135.50 

836.00 302.97 26.03 1,165.00 2,770.26 1,071.60 24.81 3,866.67 

Hudson: 
Poughkeepsie ....... 0 20.05 l. 45 21.50 0 59.33 1.15 60.48 

0 20.05 1. 45 21.50 0 59.33 l. 15 60.48 

Anthracite: 
All::mtown ........... 35.28 35.40 1.14 71.82 180.70 148.53 2.47 331. 70 
Pottsville ........... 0 13. 60 1.10 14. 70 0 38.90 3.30 42.20 
Wilkes-Barre ........ _ 14.77 79.48 4.31 98.56 43.99 309.16 16.01 369.16 

50.05 128.48 6.55 185.08 224.69 496.59 21.78 743.06 

Southern: 
Trenton ........ _ .... 2.35 10.03 3.70 16.08 7.64 26.60 10.30 44.54 
Harrisburg .......... . 88 69.72 6.09 76.69 3.87 234.·91 20.67 259.45 
Philadelphia ........ 107.70 241. 88 19.25 368~83 . 365.31 848.32 66.11 1,279.74 
Baltimore ........... 111. 57 2.54 17.88 131. 99 669.52 7.37 3.53 680.42 
Washington .......... 66.50 0 . 60 67.10 231. 71 0 2.50 234.21 

289.00 324. 17 47.52 660. 691 1,278.05 1,117.20 103.11 .2, 498.36 

Superpower zone. _ . 1, 344.021 1, 444. 59,266. 481 3, 055.091 I 4,833.44 \ 4, 767. 64,700.05 10.301. 13 
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ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN 1919. 33 

DIS'l'RIBUTION OF POWER. 

Figure 1 shows the electric-utility load at all the load centers in the superpower zone in 1919. 
A study of this load chart in combination with the analysis of load growth (p. 34) brings out the 
striking fact that the power required in 1930, the greater pa.rt of which will be applied to indus
trial uses,-will be 2! times that required to-day. 
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FIGURE 1.-Distribution of electric-utility load among load centers of superpower zone in 1919. 

More than 50 per cent of the power generated at the present New York load center is used 
by the electric railways, whose slower rate of growth of load as compared with that in power 
for domestic·and industrial uses will have the effect of decentralizing the total load on the super
power system by 1930. This effect is shown in Appendix E. The superpower system will 
become a means to this end. 
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34 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

PAST AND ESTIMATED F-UTURE GROWTH OF LOAD. 

Plate IV shows the growth of the electric-utility industry by geographic ·divisions and for the 
entire supe.rpower zone during tlie 10 years ending with.1919 and the estimated growth by 1925 
and 1930. The record of the past growth ·includes the energy used for lighting, industrial power:, 
electric street railways, and the electrified heavy-traction railroads. The estimate of the 
future growth does not include demands that may arise from the electrified heavy-traction 
~~. . i' 

· The future rate of lo~d ~owth is estimated at 8.6 per cent, compounded annu~y. This 
estimate is base~ .upon the pr<?jection of past load growths taken in combination wit~ opinions 
expressed by·.the opera to~: of: the: electric-utility properties. The average annual gr?wth dur-
ing the last 10 years was 9 'per cent. · · 

LOADS, CARRIED. . 
; . ; l 

Figures 2-8, which. a;~. pl(:>tte~ from dat~. furnished by the electric public-utility dompanies 
in the superpower zone, show'the typical w~ek-day, Saturday, and Sunday loads an~ also the 
demand for the day of peak load in 1919. ·i _ · 

Plate V shows the relation of energy generated in kilowatt-hours to the· demand in'kilowatts 
for the several geographic divisions of the superpower zone in 1919. They show that only about 
14 per cent of the energy generated in the zon~ is produced by the last 50 per cent of th¢ demand. 
This indicates that the peak load should be carried by the less efficient steam-electric· plants 
and by, overdeveloped hydroelectric plants, because when the dam and headworks of, a hydro
electric plant are once. installed the cost of the generating apparatus for the plant is only half 
that of the total cost of a steam-electric plant.· 

·. ' 
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FIGURE 4.-Typical seasonal loads of electric utilities in Mohawk and Hudson divisions in 1919. 
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42 A SUPERPOWER SYSTEM FOR THE .REGION BETWEEN BOSTON AND WASHINGTON. 

CAPACITY AND NUMBER OF. POWER PLANTS. 

Table 2 shows the capacity of power plants in the superpower ~one, classified into steam
electric and hydroelectric aQd as to frequency. 

TABLE 2.-Capacity of steam-electric and hydroelectric power plants of electric utilities in the superpower zone in i919. 

Steam-electric capacity (thousands of kilowatts). Hydroelectric capacity (thousands of Total 

GeogrSphic division and load 
. kilowatts). capacity 

(thou-
center. sands of 

25 cycles. 60 cycles. Other fre- Total. 25 cycles. !){)cycles. Other fre- Total. kilo-
quericies. quencies. watts). 

Eastern New England: 
131.80 76.63 393.21 5.70 Boston ................... 184.78 o. 0 5.70 398.91 

Lowell ................... 5.50 72.00 3.17 80.67 0 17.88 0.08 17.96 98.63 
Providence ............... 42.35 196.84 13.55 252.74 0 1. 75 0 1.75 254.49 
Worcester ................ 10.00 76.83 2.25 89.08 8.60 61.58 0.41 70.59 159.67 

I 

189.65 530.45 95.60 815.70 8.60 86.91 0.49 96.oo 1 911.70 

Western New England: 
Hartford ................ 6.70 43.48 4.65 54.83 0 13.35 0 13.35 68.18 
New Haven., ............ 51.95 131.17. 22.99 206.11 . 60 29.93 .57 31.10 237.21 
Northampton ...... .-..... 13.00 88.39. 7.12 108.51 0 65.69 1.39 67.08 175.59 

71.65 263.04 34.76 369.45 . 60 108.97 1. 96 111.53 480.98 

Mohawk: 
Utica .................... 1. 75 16.54 0 18.29 2.54 22.20 .12 24.86 43.15 
Schenectady ............. 7.00 1.88 31.10 39.98 7.29 10.02 73.98 91.29 131.27 

8 . .75 18.42 31.10 58.27 9.83 32.22 74.10 116.15 174.42 

Metropolitan: 
Newark ................. 38.35 204.71 16.90 259.96 0 8.13 .03 8.16 268.12 
New York ................ 1,110.60 242.73 16.53 1,369.86 0 . 55 0 .55 1,370.41 

1,148.95 447.44 33.43 1,629.82 0 8.68 .03 8.71 1,638.53 

Hudson: 
Poughkeepsie ............. 0 25.82 1. 01 26.83 0 8.69 0 8.69 35.52 

0 25.82 1.01 26.83 0 8.69 0 8.69 35.52 

Anthracite: 
Pottsville ............... 0 14.19 2.31 16.50 0 .14 0 .14 16.64 
Allentown ............... 37.20 42.25 1. 55 81.00 0 2.51 0 2.51 83.51 
Wilkes-Barre ............. 19.45 91.25 9.61 120.3.1 0 2.43 0 2.43 122.74 

56.65 147.69 13.47 217.81 0 5.08 0 5.08 222.89 

Southern: 
Trenton ................. 2.10 15.14 5.83 23.07 . 75 0 0 . 75 23.82: 
Harrisburg .............. 0 68.50 7.17 75.67 . 88 15.82 0 16.70 92.37 
Philadelphia ......... .- .. 151.80 295. 74 34.00 481.54 2.70 . 65 .03 3.38 484.92: 
Baltimore ............. · .. 191.00 4.93 6.60 202.53 84.10 .41 0 84.51 287.04-
Washington .............. 98.00 0 1. 57 99.57 0 0 0 0 99.57 

-442.90 384.31 55.17 882.38 88.43 16.88 .03 105.34 987.72 

Superpower zone ....... 1,918.55 1,817.17 264.54 4,000.26 107.46 267.43 76.61 451.50 4, 451. 76· 



. ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN 1919. 43 

Figure 9 shows the number of power plants of different generator capacities among 280 of 
the larger. electric-utility plants in the superpower zone in 1919. The average size of plant 
for all the utilities was ·7,900 kilo'Yatts, and there were 104 plants of this or greater capacity. 
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FIGURE 9.-Number of generating plants of different capacities owned by 280 of the electric-utility 
· companies in the superpower zone in 1919. 

Figure 10 shows the number of generating units of different sizes among 1,074 units of 
500 kilowatts or more in. the superpower zone in 1919. The average size of unit for all the 
utilities was 2, 700 kilovolt-amperes, and the number of units of this size or greater capacity 
was 420. The capacity of the units to. be installed in future superpower plants will be more 
than three times that of the plant of average size now in the zone. 
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FIGURE 10.-Number of generating units of different sizes over 500 kilowatts owned by the electric
utility companies in the superpower zone in 1919. 

PERFORMANCE. 

Table 3 shows the performance of 400 steam-electric and 158 hydroelectric power plants 
in the superpower zone in 1919. The effective capacity of steam-electric plants, though not of 
hydroelectric plants, is usually less than their generator capacity, being generally limited by 
boiler capacity. 



44 A SUPERPOWER SYSTEM FOR. THE REGION BETWEEN BOSTON AND WASHINGTON. 

' TABLE 3.-Character and performance of electric-utility plants in the superpower zone in 1919.-

Existing generating 
plants. 

Generator capacity (thousands of 
kilowatts). 

Effective capacity (thousands of 
· kilowatts). 

Geographic division and load center. 
Hydro-Steam- ~~~~o- Steam- Hydro- Steam-

elec- Total. electric electric Total. electric electric Total. 
tric. tric. plants. plants. plants. plants. 

Eastern New Eng lane!;: 
Boston ........... · ............ 34 1 35 393.21 5.70 398.91 321.95 5.70 327.65 
LowelL ...................... 25 15 40 so. 67 17.96 98.63 75.23 17.96 93. 19 
Providence ................... 19 1 20 252. 74 1. 75 254.49 190. 63 1.75 192.38 
Worcester .................... s. 10 18 89.08 70. 59 159.67 64.38. 70.59 134.97 .. 

86 27 113 815. 70 96.00 911.70 652. 19 96.00 748.19 

Western New England: · I 
Hartford ........ · ............ 12 6 18 54.83 13.35 68. 18 53. 56_, 13.35 66.91 
New Haven ...... ' ............ 24 10 34 206. 11 31. 10 237.21 •. 174. 63 31. 10 205.73 
Northampton .... : ..•........ 16 22 38 108.51 67.08 175.59 .· 91.05 67.08 158.13 

: 52 38 90 369.45 111. 53 480.98 319.24 111. 53 430. 77 : 

Mohawk: 
Utica .........•.. : .. _ ...•...... 16 18' 34 18.29 24.86 43. 15 17.79 24.86 42.65 
Schenectady ....• ; ...•........ 14 27 41 39.98 91.29 131.27 38. 10 91.29 129. 39 

30 45 75 58.27 116. 15 174.42 5,5. 89 116. 15 172.04 
--

Metropolitan: . 
Newark ..................... 25 8 33 259. 96 8. 16 268. 12 223.71 8.16 231.87 
New York .......•............ 53 2 55 1,369.86 . '55 '1, 370.41 1, 119. '05'" . 55 1,119.60 

78 10 88 1,629.82 8. 71 1, 638. 53 1,342.76 8.71 1,351.47 
-

Hudson: .. 
Poughkeepsie .•..•.•........ 13 13 26 26.83 8. 69 35.52- 23.11 8. 69 31.80 

13 13 26 26.83. 8. 69 35.52 23. 11 . 8. 69 33~ .. 80 

Anthracite:- '· 
., .. ., 

Pottsville ................... 11 0 11 16.50 .14 16.64 13.20 .14 13.34 
Allentown ................... 6 6 12 81.00 2.51 83.51 75.50 2.51 78.01 
Wilkes-Barre ...... · ........ : .. '23 4 27 120.31 2.43 122. 74 107.40 2.43 '109. 83 

/ 

40 10 50 217.81 5.08 222. 89 196. 10 5.08 201. 18 

Southern: 
Trenton ...................... 16 1 17 23.07 . 75 23. 82 .is. o5·· . 75 18.80 
Harrisburg .................. 17 6 23 75.67 16. 70 92.37 65. 20 16. 70 81.90 
Philadelphia ................ 51 4 55 481. 54 : 3.38 484.92 422.86 3.38 426.24 
Baltimore ..................... 14 4 18 202. 53 84.51 287.04 185. 30 84.51 269.81 
Washington ............•..... 3 0 3 99. 57 0 99. 57 99.57 . 00 99.57 

--· --
101 15 116 882.38 105.34 987.72 790.98 105. 34 896.32 

Superpower zone ... · ........ 400 158 558 4, 000. 26 r 451. 70 4,451. 76 _ 3, 380. ~7 I 451. 50 3, 831. 77 
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TABLE 3.-Character and performance of electric-utaity plants in the superpower zone in 1919-Contioued: 

Generator reserve in Effective reserve Gene~ated outtut (millions of kilowatt- Annual effective capa-steam- e 1 e c t r i c in steam-elec-
plants. tric plants. · . ours). . city factor (per cent). 

Geographic division and 
Total load center. Total ~r:o-· (thousands Per (thou- Per Steam- Hydro- Steam-

sands of electric electric Total. electric Total. of kilo- cent. kilo- cent. plants. . plants. plants . tric 
watts). watts). plants. 

.. ----
Eastern New England: · 

Boston ............... 136.41 53.1 65. 15 25.4 759. 16· 13.52 772.68 26.9 27. 1 26.9 
Lowell ............... 30.06 59.2 24.62 48.7 143.81 53.20 197.01 21.8 33.8 24. 1 
Providence ........... 91.90 57.2 29.79 18.5 445.79 5.00 450.79 26.7 32.6 26.1 
Worcester .............. 30.35 51. 7 5.65 9.6 131.11 220.82 351. 93 23.3 35.7 29.8 

' ---
288.72 54.8 125.21 23.8 1,479.87 292.54 1, 772.41 25.9 34.8 27. 1 

Western New England: ' 
Hartford .............. 6.74 14.0 5.48 11.41 115.22 52.33 167.55 24.5 44.7 28.6 
New Haven ..... : ...... 70.80 52.3 39. 32. 29.0 379.58. 56.49 436.07 24.8 20.7 24.2 

. Northampton .......... 40.78 60.2 23.32 34.4 123. 74 194.63 318.37 15.5 33. 1 23.0 

118.32 47.2 68.12: 21.2 1 618.54 ·303. 45 921.99 22.·1 31.1 24.5 
) = 

Mohawk: 
Utica ........... ~ ...... 2.18 13.5 1.68 10.4 17.42 66.83 84.25 11. 2 30.6 22.6 
Schenectady ... : .. · ..... 18.83 89.1 16.95 80.2 30.33 323.58 353.91 9. 1 40.5 31.1 

21.01 56.5 18.63. 50.0 47. 75 390.41 438. 16 9. 7 38. 3 29. 1 
~ -

Metr~~~~~~~-----········ 152.02 73.3 15. 77 7. 51 : 707. 82 23.35 731.17 36.2 32. 6 36.0 
New York.·.-------~-- 353.06 34.8 102.25 10. 0 3, 134. 15 l. 35 3,135.50 32. 1 28.0 32. 1 

I 

405.08. 33. 1 118.02 9. 6 1 3, 841. 97 24.70 3,866.67 32.6 32.3 32.6 

Hudson: 
PougJ;lkeepsie ......... 10.28. 62.0. 6.56 39. 7 37. 68 22.80 60.48 18~6 30.0 21.6 

I · 10.28 I 62.0 6~56 39. 7 37.68 22.80 60.48 18.6 30.0 21.6 
I ·I 

Anthracit~: 
Pottsville ............. l. 80 12.2 .. 0. 0· . 42.17 . 03 42.20 36.4 24.4 36. 1 
Allentown ............. 1. 63 2.0 0. 0. 317.98 13.72 331. 70 48.0 62.4 48.5 
Wilkes-Barre ........... 18.40 18.0 5.49 5.4 365.69 3.47 369.16 38.8 16.3 38.4 

21.83 11.1 5.49 2.8 725.84 17. 22 743.06 42. 2 38.6 42.2 

Southern:. 
'!'renton ........... · .... 7. 74 50.·5 2. 62 17.1 _41.87 2. 67 44.54 26.4 40.6 27.1 
Harrisbur~ ............ 16.33 27. 6 5. 8'6 9.9 175. 65 83.80 259.45 30.7 57.3 36.1 
Philadelp ia .......... 81.48 20.4 22:8 5. 7 1,259.10 20. 64 1,279. 74 34.0 69.7 34.2 
Baltimore ......... ; ... 106.50 111.0 89. 27 93.0 175.46 504.96 680.42 10.8 68.2 28.8 
Washington ............ 33. 19 50.0 33. 19 50.0 234. 21 .00 234. 21 26.9 .0 26.9 

245.24 1 38. 5 1153. 84 24. 2 11, 886. 29 612.07 2,498.36 27.2 66.2 31.7 

Superpower zone ..... 1,110.491 ·3s. 41490. 5o ~7. 0 ,8, 637. 94,1, 663. 19,10, 301. 13 29.1 42.2 30.7 
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A study of 19Q steam-electric plants that use bituminous coal.w:as made to ascertain their 
performance. These plants were selected from the 400 plants in the superpower zone because 
full and con,sistent qata were available from each plant. Table 4 is a summary of the results 
of this study. The fuel consumption varies from 6.23 pounds per kilowatt-hour for the small 
plants to 2.14 pounds per kilowatt-hour for plants having a capacity of more than 100,000 
kilowatts. Perhaps even more striking is the variation- in the cost of maintenance, labor, 
and supplies, for this cost amounts to $23.10 per kilowatt-year of effective capacity for small 
plants but only to $5.46 for plants of more than 100,000 kilowatts. _ 

The complete result of this study is given in figures 11 and 12, showing the performance 
and the operating cost, except the cost of fuel, which varies with size of plant, size of unit, 
and annual capacity factor. 

TABLE 4.-Performance and operating cost of 196 selected electric plants using bituminous coal in the superpower zone in 
1919, by size of plant. 

Under l,OOOto 2,500to 5,000 to lO,OOOto 25,000 to 50~ to Over 
1,000 2,500 5,000 10,000 25,000 50,000 1 ,000 100,000 All plants. 

kilowatts. kilowatts. kilowatts. kilowatts. kilowatts. kilowatts. kilowatts. kilowatts. -

Number of plants .... : ........... 33 36 32 29 31 14 13 8 196 
Total generator capacity, 

................... kilowatts .. 23,485 62,061 121J 575 230,500 507,675 476,100 905,400 1,318,600 3,645,396 
Total effective capacity, 202,875 ................... kilowatts .. 21,530 54,308 106,200 449,597 393,600 721,000 1,048,450 3,000,560 
Total generator reserve over 

peak ................ per cent .. 30.8 32.0 36.1 42.0 34.2 53.8 37.7 60.5 46.5 
Total effective reserve over peak, 

.................... per cent .. 19.8 13.2 ·19.0 25.0 18.8 27.1 9.7 27.5 20.6 
Average size of plant · effective 

capacity ............ kilowatts .. 650 1,510 3,320 7,000 14,500 28,000 55,500 -131,000 15,300 
Average size of unit ........ do .... 273 540 905 1,580 3,000 6,420 12,600 15,800 4,140 
Load factor .......•..... per cent .. 21.3 24.5 27:3 24.7 28.5 32.4 38.8 37.3 34.2 
Effective capacity factor, 

.................... per cent .. 17. 7 21 .. 4 23.0 19.7 24.2 25.4 35.5 29.4 28.4 
Fuel per kilowatt-year of effec-

tive capacity ...... short tons .. 4.85 3.96 3.64 3.30 3.21 2.80 3.42 2.76 3. 10 
Coal per kilowatt-hour .. pounds .. 6.23 4.22 3.60 3.80 3.05 2.50 2.20 2.14 2.48 
Cost of maintenance, labor, and 

sffeplies per kilowatt-year of 
e ecti ve capacity .............. $23. 10 $18. 10 $14.56 $12.21 $10. 15 $6.82 $7.80 $5.46 $9.23 

FUEL REQUIREMENTS. 

Table 5 (p. 48) shows the quantiti~s and cost of the coal used by electric utilities in the 
superpower zone in 1919 and the results in heat units. The total cost of this coal, delivered, 
was $63,227,812. The cost per short ton ranged fro~ $2. 7Q at the Wilkes-Barre.load center to 
$8.75 at the Lowell load center. The average cost for the zone was $5.35. The quantity- of coal 
consumed ranged from 2.27 pounds per kilowatt-hour at the Providence load center to 6.23 
pounds at the Utica load center. The Utica load center is, however, supplied largely by hydro-
· electric power; its steam-electric plants are small and are used principally as a reserve. The 
average quantity of coal consumed per kilowatt-hour in the superpower zone was ·2.73 pounds, 
and the average heat utilization per kilowatt-hour was 35,800 British thermal units. 
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TABLE 5.~Fuel requirements and performance of electric utilities in the superpower zone in 1919. 

Coal used. He11t 
value 

Cost. 
(thou-

Short tons sands of 
Geographic division and load center. · per Pounds British 

Thousands kilowatt- per thermal 
of short year of kilowatt- Per short 

w1its per 
tons. effective hour. Per year. kilowatt-

capacity. ton. hour). 

Eastern New England: 
I Boston ....... , ............................. 911. 20 2.83 2.40 $6.50 $5,927,507.29 33. 7 

Lowell ...... ~ _ ........................ : .... 179. 11 2.38 2.49 

I 
8. 75 1. 568, 282. 26 33.3 

Providence .. ; .... : ......................... 506.06 2.66 0 2. 27 7. 70 3,891,543.19 31.5 
Worcester .... ." ............•.. ....................... 182.09 2.83 ·2. 78 6. 77 1, 233, 291. 44 37.2 

,, 
1, 778.46 2. 73 2.40 I 7. 10 12,620,624.18 33.4 

Western New England:. · 
I 

Hartford •........... ~ ............. · .......... 158.33 2. 96 2. 75 6. 63 1,049,624.24 37.6 
New Haven ................................ 562. 18 3. 22 . 2. 96 6.47 3,633,012.15 39. 7 
Northampton ................................ 184. 77 2. 03 2. 99 6. 73 1,241,529.15 40. 7 

905. 281 2.84 2.93 

I 

6.54 5,924, 165.54 39. 5 

Mohawk: 
Utica ..... ~ ................................ 54.23 3.05 6.23 5.43 294, "400. 33 80.0 
Schene·ctady ................................. 85. 13 2.23 5. 62 I 4. 98 423,693.27 70.0 

139. 36 2.50 5.85 I 5. 15 718,093.60 73. 7 

Metropolitan: I 
Newark .............................. · ....... 939.45 4.20 2. 68 5. 67 5,322, 720.14 35.4 
New York .................................. 3, 800. 01· 3.40 2.42 5. 61 21, 322, 522.,19 32.2 

4, 739.46 3. 53 2.46 5. 64 26,645,242.33 32. 8 

Hudson: 

I Poughkeepsie ... , ........................... 65. 37 2.83 3.47 5. 72 373,078.08 46. 3 

65. 37 2.83 
I 

3.47 5. 72 373,078.08 46.3 

Anthracite: 
Pottsville ............ ; ...................... 99. 73 7.55 4. 73 3.32 331,463.33 55.4 
Allentown._ ......... , ........................ 580. 69 7. 70 3. 66' 3. 42 1,983,579.13 41. 2 
Wilkes-Barre ............................... 908. 64 8.45 4.96 2. 79 2, 537, o57. 1o I 55.5 

1,589.06 8. 10 4.38 3.05 4,852,099.56 49.2 

Southern: 
Trenton ..................................... 100. 20 5.55 4. 78 5.23 523,175.39 63. 6 
Harrisburg .................................. 331. 79 5.08 3. 78 3.28 1,088,894.93 41. 7 
Philadelphia: ............................... 1,648. 50 3. 90 2. 62 4. 77 7,855,907.51 35.0 
Baltimore ................................... 240. 54 1.30 2. 74 5. 10 1,227,011.85 37.0 
Washington ... , ............................ 268.05 2. 69 2.39 5.21 1, 399, 519. 571 32.0 

2,589.08 3.28 2. 74 4. 67 12,094,509.25 36. 1 

Superpower zone ......................... n;8o6.07 3.49 2. 73 5.35 63, 227, 812. 541 35.8 

PRODUCTION COST. 

Table 6 shows the production cost of the electric utilities in the superpower zone in 1919. 
The operating expense of the steam-electric plants was $91,195,000, of which 69 per cent was 
for coal and 31 per cent for maintenance, 'labor, and supplies. The total annual production cost 
of the steam plants was $183,441,333, of which the fixed charges were 44.5 per cent, the oper
ating expense 49.7 per cent, and the general expense 5~8 per cent. The total annual production 
cost of the hydroelectric plants was $15,661,382, of which the fixed charges .were 81 per cent, 
the operating expense 11.1 per cent, and the.general expense 7.9 per cent. The average produc
tion cost by steam was $0.0212 per kilowatt-hour, and the average· production cost by water was 
$0.0094 per kilowatt-hour. 
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TABLE G.-Annual production cQst of electric utilities in the superpower zone, 1919. 

Total annual operating expense. Fixed charges. 

Geographic division. 
Steam-electric plants. 

Hydroelectric Steam-electric Hydroelectric 
Maintenance, . 

Fuel. labor, and Total. 
plants. plants. plants. 

supplies. 

Eastern New England ............. $12,620,624 $5,479,617 $18,100,241 $388, 192 $18,532,300 $2,394,350 
Western New England ............ 5, 924,166, 2,827,322 8,751,488 438,337 8,263,600 '2, 476, 820 
Mohawk ......................... 718,094 613,092 1,331,186 376,327 1,592, 600 3,541,200 
Metropolitan ...................... 26,645,242 10,913,651 37,558,893 67,330 29,143,100 369,800 
Hudson ....................... ~ ... 373,078 208, 774 581,852 69,904 706,000 245,630 
Anthracite ....................... 4,852,100 2,503,538 7,355,638 63,687 5,167,200 183,510 
Southern ......................... 12,094,509 5,421, 743' 17,516,252 340,449 18,269,570 3,474, 700 

Superpower zone ............ 63, 227, 313127, 967, 737 91,195,550 1, 744,226 81,674,370 12,686,010 

Cost per kilowatt- Cost per kilowatt-
• General expenses. Total annual production cost . year of effective hour. capacity. 

Geogrn.phic division. 

Steam-electric Hydroelectric Steam-electric Hydroelectric Steam- Hydro- Steam- Hydro-
plants. plants. plants. plants. electric electric electric electric 

plants. plants. plants. plants. 

Eastern New England .... $2,456,444 $222,256 $39,088,985 $3,004,798 $0. 0264 $0.0102 $60.00 $31. 30 
Western New England ... 1,347,010 377,910 18,362,098 3,293,067 . 0297 . 0109 57. 50 29.50 
Mohawk ................ 274,370 339, 780 3,198,156 4,257,307 . 0670 . 0109 57.25 36. 70 
Metropolitan ............ 3,096, 990 40,800 69,798,983 477,930 . 0182 . 0194 52.00 54. 90 
Hudson .................. 124,280 19, 740 1,412,132 335,274 . 0375 . 0147 61. 20 38. 60 
Anthracite ............... 953, 190 30,560 13,476,028 277, 757 . 0186 . 0161 68. 80 54. 70 
Southern ................. 2,319,150 200, 106 38,104,972 4,015,249 . 0202 . 0066 48. 20 38. 10 

Superpower zone. ·I 10,571,434 1, 231, 146 1183, 441, 354 15, 661, 382 l .02124 . 0094 54. 30 34. 70 

REPRODUCTION COST. 

Table 7 shows the cost of reproducing the electric-utility plants in the superpower zone as 
equipped in 1919. The total cost is $598,277,000, of which approximately 85.5 per cent is that 
of rcpt·oducing the steam-electric plants. The method used in arriving at these costs is stated 
in Appendixes F and G. 

TAtlLE 7.-Reprod-uction cost.for electric p1tblic-'utility power plants as of 1919. 

' Percentage. 

Geographic division. Steam-electric Hydroelectric Total plants in 
plants. plants. superpower zone. Steam- Hydro-

electric electric 
plants. plants. 

Eastern New England .............................. $115,949,000 $16,501,000 $132,450,000 87.5 12.5 
Western New England ........................... 52,165,000 16,713,000 68,878,000 75. 8. 24.2 
Moha,vk ........ ~ ................................. 9,957,000 24,442,000 34,399,000 28.9 71. 1 
Metropolitan ..................................... 181,899,000 2,550,000 184, 449, 0001 98. 6 1.4 
}Judson ......................................... 4,407,000 1,693,000 6,100,000 72. 2 27.8 
Anthracite ...................................... 32,296,000 1,265,000 33,561,000 96.2 3.8 
Southern ........................................ 114,477,000 23,963,000 138,440,000 82. 7 17.3 

Superpower zone ........ , .................. 511, 150, ooo 1 87,127,000 598,277,000 85. 5 14.5 
----



APPENDIX C. 

PRO.POSED ELECTRIFICAriON OF HEAVY-TRACTION RAILROADS IN THE SUPER-
. POWER ZONE. 

By CARY '1'. IluTCIDNSON, N. c~ l\1cPHERSON, and others of engineering staff. 

ADVANTAGES OF UNIFIED OPERAT;ION. 

Many of the railroad lines in the superpower zone have been built piecemeal to serve the 
interests of different communities as need arose, and consequently there has been considerable 
duplication of trackage and an unbalanced developll!ent. Consolidation subsequently improved 
the ·conditions, and the· trackage now under steam operation in the zone is in general fully loaded. 

Better results would be obtained, even under steam operation, by treating these systems 
as a unit .. A substantial increase in traffic could b~ handled by better routing; by setting aside 
certain tracks for exclusive. service where lines are parullel, as between Washington and Phila
delphia or New York and Scranton; by eliminating competitive branch lines; and by abandoning 
branch lines that are unprofitable though not competitive. These improvements and n1any 
others have been discussed within the last few years, but no action has been taken. 

·Even after all possible improvements of this kind had been made, however, the railroad 
system would still be an inferior machine, with corrtpromises in an· its .parts. The character 
and the cost of the service would not be essentially altered. 

Unified operation by electricity, on the other hand, would give much better conditions 
than any that could possibly be attained under; unified operation by steam. There would be 
a new motive power, in which all units or parts designed for similar service would be identical 
and interchangeable .. There would be pooling of all power, with great reduction of reserves. 
Repair shops would be consolidated, and mainten~nce would become a standardized m.anufac
turmg job. Track capacity would be greatly increased, and certain tracks would be allocated 
to freight or passenger service exclusively. All freight trains would be run on schedule; the 
average speed would be more n,early the sam~ and would be increased at least to the 12.5 miles 

. an hour needed to avoid the present punitive overtime payments. Engine-house facilities 
·would be much simplified by consolidation. 

A specific illustration will show how wide the field is for possible savings under unified 
control. In 1919 one of the large railroads in the superpower zone spent about $20,000,000 for 
locomotive maintenance, and another spent about $40,000,000, the costs per locomotive-mile 
amounting, respectively, to 21 cents and 38 cents. Prorated to a weight of 100 tons on drivers, 
these costs become 24 cents and 46 cents, a difference of 90 per cent. The difference in average 
service is not sufficient to accotmt for this difference in cost,· which could not persist under 
unified control. 

These improvements in operation can be m.ade more readily tinder electric service than 
under steam, for a change in the power system would bring fresh minds into the service and 
would consequen'tly liberate the mental operations of the average railroad man from their con
ventional routine. Under electric operation, for instance, the entire traffic between Philadelphia 
and Washington could readily be carried over the rails of the Pennsylvania system, those of the 
B~ltimore & Ohio being left for future growth. Similarly, electric operation in the vicinity of 
Boston a.nd New York would leave a margin of track capacity so great that n.o money need be 
spent for many years· for further extensions of track. This release of trackage is one of the very 
notable advantages that would follow unified electric opera-tion of the railroads in this territory. 
The great expense of any1arge increase i:t'l trackage should·of itself force electrification; the total 
cost 20 years hence will be less if electrification is begun now than the cost of the added track 

50 
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and terminal fa.cilities necessary under steam operation to provide for the inevitable 100 per 
cent increase in trn.ffic within that time. 

The reserves of men and of machinery required for joint operation will be much less 
than the aggregate of the separate reserves required for individual operation. The great waste 
involved in the maintenance of separate reserves of motive" power is exhibited by the operating 
statistics of the roads, quoted elsewhere, which show that the average freight.locomotive in this 
territory ~s in productive service only 3,250 hours out of the 8,760 hours in a year, and the 
avernge passenger locomotive only 2,630 hours. With joint electric operation and,consequent 
unification of types of motive power there would be a striking improvement. The steam loco
motive runs 8 hours a day; the electric locomotive 20 hours. 

The fundamental reason for coordinated control of railroad operations is precisely the 
same as that for regional control of the generation of electric energy. The greatest economy 
can be attained only by intelligent unified direction of the movements of all parts of the system 
for the best ir.terests of the whole.. · 

... 
SPECIFIC A.DV A.NTA.GES OF ELECTRIFICATION. 

In addition to the general economic advantages that would be gained by joint operation 
of the rail syst~ms within the superpower zone by either steam ·or electricity, there are other 
advantages inherent in operation by electricity. These may be classified as advantages of 
electric traction in operation and advantages of the electric locomotive as a machine: 

ADVANTAGES IN OPERATION. 

Some of the advantages of electric operation are the conservation of national resources, 
both of coal and labor; an increase in the capacity of main and yard tracks; an improvement 
of the physical condition of terminals and an. increase in the value of the property, as shown by 
theN ew York Central and Pennsylvania terminals inN ew York City; benefits both to the travel
ing public and to residents along the route through the elimination of noise and smoke, the 
possibility of providing multiple-level terminals and freight warehouses; and economy in opera
tion through the use of fuel and machinery for generating energy by a few skillful operators in 
economical stations as contrasted with a large number of technically ignorant operators with 
small, uneconomical machines. . . 

The electric locomotive is equipped with meter~ that _afford complete knowledge and con
trol of operating conditions and that are also a valuable guide in handling the train, particularly 
in starting a long, heavy train. With electric traction the economy of the entire sequence of 
operation is not dependent upon one man, as it is with steam. Operation is therefore no longer 
a matter of individual human judgment, skill, or fidelity. It is this unfortunate human element 
that nullifies the theoretical advantages of the "full-jeweled movement" steam locomotive. 
The effectiveness of the devices for increasing efficiency and capacity, such as brick arches,. 
superheaters, stokers, siphons, automatic fire doors, and power reverses~ necessarily depends 
on the intelligence and faithfulness of the average engineer, and in consequence the average 
results are low. The inherent wastefulness of the steam locomotive is proved by its own advo
cates in their claim that" 40 per cent of its cot_tl can be saved by the careful use of these auxiliary 
devices." Then why be skeptical of a saving o.f 60 per cent by a modern power station, which 
has all these devices in greater completeness and, in addition, has brains to use them~ 

The speed of different classes of trains will be more nearly uniform. Much heavier trains 
can be handled, and at the same time light freight trains can be moved at the speed of local 
passenger trains. It has been proved that for the heaviest freight service, such as mountain
grade work, the electric locomotive is superior to the steam locomotive, but its superiority in 
handling light freight at high speed is not so generally understood. 

As the electric locomotive is simple and as all locomotives of a given class are identical and 
no 1nore skill is required to operate them than is demanded of an ordinary chauffeur, allloco
motives·will be pooled, so that the total number required will be materially reduced. 



52 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

A considerable saving in time and hence an increase in capacity will be made by lengthen
ing the operating divisions, which will be from 200 to 400 miles long instead pf 100 miles. An 
electric passenger. locomotive will runin the morning from New· York to Boston and will return 
in the afternoon or at night, making a total run of 4.50 miles a day. A similar,11ound ~rip will be 
made between New York and Washington, or New York and Syracuse. The electric locomotive 
can be kept at work on the road for•.20 hours a day, and if operated at an average speed of·25 
miles an .hour can run 500 miles a day ... This mileage, however, is double that of the electric 
passenger engines now used on the New Haven line. and is higher than would be obtained as an 
average, but there is every reason·to believe that; with unified.operation an average between 250 
and 500 miles can be wade. 

The flexibility of. the ,electric locomotive .is much greater than that of the steam locomotive. 
Its capacity is de~ermined by heating and therefore by the average work it has to do, and not by 
the maximum grade, which is.taken care of by the overload capacity of the engine. With electric 
traction the maximum grade for the profiles within the superpower zone is practically elimi-
nated as the determining factor in locomotive equipment. · 

The availability-ofthe electric locomo.tive for service is at least twice as·great as that of the 
steamlocomotive. After a trip it can be thoroughly inspected in less than an hour, whereas 
the thorough inspection of a heavy steam locomotive consumes four to.ten hours. It requires 
no water, fuel stations, ashpits_. or turntables. The repair-shop capacity required is less than 
a third of that needed for steam locomotives.· The expense of track maintenance is reduced, 
and the ballast is cleaner. The engine-house expense is reduced nearly to a negligible amount. 
In the electric locomotive energy cari be regenerated where the profile permits it, thus saving 
some energy and much .wear of brake shoes, bettering the handling .of trains, and consequently 
saving expense in freight-car maintenance. 

· As a result of these and other advantages the electric locomotive should, under favorable 
conditions, handle twice as many ton-miles as the steam locomotive per locomotive-year; on the 
Norfolk & We~ tern it actually handles three times as many ton-miles. · This gain is not possible 
under all conditions,· but it-is possible where the traffic is great and the tracks, yards, and ter
minals are congested, as they are in the superpower zone. 

Electric traction, then, gives increased capacity of main track, yard track, and locomotives 
with-reduced cost of operation and maintena:r;lCe per ton-mile and per passenger-mile. 

ADVANTAGES OF THE ELECTRIC LOCOMOTIVE AS A :MACHINE. 

The electric locomotive is a better machine than the steam locomo.tive for the following 
among other reasons: It has no boilers or firebox; it has a shorter rigid wheel base; it carries 
no tender; it has a greater ratio of weight on drivers to total engine weight; it has less weight 
per driving axle, and a greater proportion of its weight is spring borne; it has uniform torque 

. and therefore a higher coefficient of adhesion; it can be built for any power desired by increasing 
the number of drivillg axles and .is therefore free from limitations of length;· its maximum 
torque is available at much higher speed; the steam locomotive can work to an adhesion of 20 
per cent up to only 10 or 12 miles an hour, whereas the electric locomotive can work to this 
adhesion up to 20 to 25 miles an hour; its efficiency over a range of load from 50 to 100 per ce:nt 
varies only a few per cent and is constant throughou.t its life, whereas the efficiency of the steam 
locomotive varies over a wide range with age and use-a modern superheated steam locomotive 
requires 50 per· cent more steam per horsepower-hour at full load than .at half load; and finally, 
a steam locomotive must burn coal in descending a grade on which an electric locomotive will 
regenerate energy. To sum up, the electric locomotive is much the better transportation tool. 

CLASSES OF ELECTRIC LOCOMOTIVES. 

The great variety' in types and weights of steam locomotives for freight, passenger, and 
switcher service is largely the result of growth, of change in fashion, and of whims of individual 
~perating officers. There is. no sound reason for such variety. The United States Railroad 
Administration formulated certain standard designs of steam locomotives, reducing the number 
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of types to about ten, including the Mallet or articulated locomotive.' · With electric equipment 
this number can be reduced still further, certainly to as few as six types and possibly to three, 
as may be seen from an examination of the weight on driver~ of the steam locomotives now in 
use. Those in freight service carry between 77 and ~20 tons on drivers. Of those in passenger 
service, 80 per cent carry between 64 and 80 tons ori drivers; but a few very small locomotives, 
probably 5 per cent of the tota1, are performing· no material service. ·Of the switchers, 90 ·per 
cent carry from 65 to 85 tons on drivers, and a few carry more. · 

The entire freight service in the superpower zone can be handled by electric freight loco
motives having two articulated 2-axle trucks, each carrying twd motors geared to the axle, 
the lnounting being essentially the .same as that in a ·number of locomotives now in use and 
similttr to the usual street-car mounting. There would be two classes of locomotives of this 
type-a light one cm~rying 80 tons on drivers and having a continuous drawbar pull of Z2,000 
pounds at 25 miles an hour, and a heavy one carrying 110 tons on drivers and having a· continuous 
drawbar pull of 30,000 pounds at the same speed. · These units can be combined in any reasonable 
nu1nber; the total load on drivers can be made equal to 80, 110, 160, 190, 220 tons or as much 
more as may be desired, being limited only by the strength of the draft rigging. A train can 
of course be double-headed, and a total tractive pull up to the maximum now in use can be 
obtained, with at least double the present spe~d. · · 

For passenger service a similar arrangement would be used-that is, two· articulated 
2-a.~le trucks, with. one motor geared to ·each axle. The motors may be practically the same 
as those in the freight locomotives, the only difference being a change in gear rS:tio. The 
'passenger locomotive, however, would have leading and trailing trucks,· with either two or four 
wheels, and the total weight would be redistributed. This passenger locomotive would be of 
two weights, the light one having 60 tons on drivers, and the heavy one 90 tons. · Th~se also 
may be combined, like the freight locomotives. • 

For the switchers one size will ·be adequate, with 70 to 75 tons on drivers, of the same 
type as the freight locomotive. Substantially the same frame and running gear can be used, 
with motors of less capacity. 

All three types of locomotives will have the usual overload capacity, and all will be able 
to operate in starting and accelerating at 25 to 30 per cent adhesion. 

These suggested sizes and types of locomotives can of course be varied greatly without 
sacrificing the advantage of unified electric operation, but identity of types for the same service 
throughout the superpower zone is essential. 

SCOPE OF' RAILROAD INVESTIGATION. 

The general purpose of this investigation is to estimate the saving that would be effected 
by unified electric operation of the class 1 railroads within the superpower zone and to compare 
this esti1nated saving with the investment needed to effect it. 

For tllis purpose the traffic conditions and the kind ·and quantity of service assumed are 
those of 1919, with the substitution of the electric for the steam locomotive. Of course, to 
insure the greatest gain from electric traction the entire transportation scheme ri:nist he re
vamped and fitted to the use of the new agent. An analysis based on such a change, however, 
would involve a detailed study of each road, and indeed of each division, which is not now 
possible. 

The estimated saving in the cost of operation includes a reduction in certain items of 
steam-railroad cost that will be effected by the change of motive power. These items, named 
approximately in the order of their cost, are locomotive maintenance (including engine-house 
service), coal and water, and wages of crew. These items make up about 90 per cent of the 
expense affected by the change in the method of operation. In addition to the saving on these 
princip~tl items there will be some saving-an .. amount hard to estimate-in the maintenance 
of CUIYed track and freight cars, as a result of better train handling, and in Certain minor items. 
The reduction in ttll these expenses will be offset by the cost of the electric energy required to 
do the work done by steam, the cost of the operation and maintenance of. substations and of 
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the electric overhead distribution system and track circuits, and the cost of maintenance of the 
electric locomotives. · 

rhe cost of electric energy, as the phrase. is used here, means its total cost delivered to the 
railroad company's substation. The railroad company will have no investment in plant for 
generating or transmitting energy. Its investment begins with substations segregated for 
railroad use, owned by the railroad company individually or jointly with other companies.· 

This comparison of costs of investment and operation need take no account of the systen1 
of electric traction to be used except in so far as the use of different systems might entail different 
costs· of operation or construction. The only two systems that are applicable to general traction 
within the superpower zone are the 3,000-volt direct-cur~ent system and the 11,000-volt (or 
higher) alternating-current .system, both with overhead distribution circuits and rail return. 
Both of these systems are in successful use, and both can no doubt be designed- and constructed 
to give satisfactory service in the zone. 

The alternating-current system generally involves a lower investment cost than the direct
current system, as at low frequencies of supply substations with rotating machinery are replaced 
by transformers erected along the right of way; but this saving will not be effected under the 
super power system, for the frequency adopted for generation and transmission-50 cycles
requires substations with rotating machinery for the alternating-current as well as for the 
direct-current system, and the capital.costs of the two are nearly equal. 

The operation and maintenance of substations is ordinarily an additional burden in the 
direct-current system, but under the superpower system this would be offset by the addition 
of the frequency-changing equipment. ' 

In order, then, to avoid some uncertain elements in the estimates of the cost of the alter
nating-:current system it has been decided to base all estimates, both of operation and of con
struction, on the 0 3,000-volt direct-current overhead system. · Substantially the same results 
in money could, however, be obtained with the alternating-current system, certain gains being 
offset by certain losses. · 

PROCEDURE FOLLOWED BY RAILWAY DIVISION • 

. The procedure of the railway division of the superpower survey in its study of the proposed 
electrification of the heavy-traction lines within the superpower zone comprised the collection 
of the physical data, the analysis of the data, and the formulation of conclusions . 

. DATA COIJLEC1.,ED. 

It was evident at the outset that it would not be adequate to study the roads as units but 
that a study should be made o{ the operating divisions of the railroads. A study of a railroad 
system as a whole, even if it lay entirely within the zone, would yield only average results, 
which might make a poor showing, whereas some of the divisions treated separately might make 
a good showing. It was therefore decided to Mk each of the class 1 railroads within the 
superpower zone, of which a list is given below, to answer the questions on Form A, asking for 
certain fundamental data as to roadbed, equipment, and traffic. This information, like all 
other information sought,. was to cover the year 1919. 

Boston & Maine. 
Boston & Albany. 
New York, New Haven & Hartford. 
New York Central. 
Delaware & Hudson. 
Ulster & Delaware. · 
New York, Ontario & Western. 
Lehigh & New England. 
Lehigh & Hudson River. 

Class 1 railroads within the superpower zone. 

Erie. 
Delaware, Lackawanna & Western. 
Lehigh Valley. 

· Central of New Jersey.' 
Long Island. 
Pennsylvania. 
Philadelphia & Reading. 
Western Maryland. 
Baltimore & Ohio. 
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Form A. 

DATA SHEET FOR STEAM-OPERATED DIVISIONS. 

BOUNDARY OF ~ONE. 
. . 

The zone included in the superpower survey is bounded as follows: Beginning where the 39° parallel crosses 
Delaware Bay, thence west to Washington, looping around Washington to include the city; thence north along the 
77° meridian to its intersection with the ·41 ° parallel; thence northeasterly to the intersection of the 43° parallel 1 and 
the .75° meridian; thence east to the vicinity of Portsmouth, N. H., looping around that city; and thence to the 
Atlantic seacoast, running outside of Long Island and New Jersey to the starting point on the 39° paralleL 

The information requested herein refers to those parts of your system included within the above boundaries which 
are steam operated wholly or in part. (Data covering electric operations are outlined on ''Data sheet for electric
operated divisions.") 

ROADBED • 

. 1. Outline map, showing all lines within the zone, indicating division points, number of main tracks, sidings, 
etc.; also indicate nearest division point outside of zone boundaries. Maps giving track profiles. 

2. Diagram of principal yards, showing track layout. 
3. Summation of mileage of"track-e. g., first, second, and other main tracks; sidings, ·etc., for each division. ' . 

EQUIPME~T. 

4. Number and classification of locomotives assigned to each division for freight, passenger, and switching service, 
giving for each class total weight with tender full and tender empty, and weight on drivers. 

TRAFFIC. 

Give separately for each division for each month of 1919, and total for the year: 
5. Passenger service, train-miles, total locomotive-miles, and car-miles. 
6. Freight service, train-miles and total locomotive-miles. 
7. Gross ton-miles moved (including engine and tender), separately for freight and passenger. 
8. Switching service, ton-miles, engine-miles, engine-hours, or in such other form as is at hand. 
9. Amount of coal used for each class of service separately, if possible, and totals; kind of coal burned. 
10. Average annual maintenance per locomotive-mile, separately for each class, if possible. 

On January 15, 1921, all replies were in hand. A preliminary analysis was made of each 
set of replies when received; correspqndence with the designated officer of each railroad helped 
to clear up points that were obscure and supplemented the information furnished; and all 
available data covering roadbed, equipment, and traffic were complete before the middle of 
February. . 

In addition to Form A a second sheet (Form B) was sent to the roads that were in part 
electrically equipped-the Baltimore & Ohio, the Pennsylvania, the Long Island, theN ew York 

. Central, and the New York, New Haven & Hartford. The questions on this form are more 
general and were intended principally to elicit an accurate description of the physical property 
and equipment, together with sufficient statistics of traffic and. of electric supply to permit 
their discriminating use in the allocation of energy required for the proposed unified operation 
of the steam roads. This information was all in hand at about the same time as the data from 
the steam roads. 

Form B. 

DATA SHEET FOR ELECTRIC-OPERATED DIVISIONS. 

BOUNDARY OF ZONE. 

The zone included in the superpower survey is bounded as follows: Beginning·where t.he 39° parallel crosses Dela'
ware Bay, thence west to Washington, looping around Washington to include the city; thence north along the 77c 
meridian to it.s intersection with the 41° parallel; thence northeasterly to the intersection of the 43° parallel and the 
75° meridian; thence east to the vicinity of Portsmouth, N. H., lpopiug around that city; and thence to the Atlantic 
seacoast, running outside of J.Jong Island and New Jersey to the starting point on the 39° parallel. 

The information requested herein refers to those parts of your system included within the above boundaries which 
are electrically operated wholly or in part. (Data covering all steam operations are outlined on "Data sheet for steam
operated divisions.") 

1 Tho northern boundary of tho zono as finally studiod is the 44th pamllel. 
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DESCRIPTION OF PHYSICAL PROPERTY. 

1. A map showing the electric divisions, indicating tracks electrified and location of power house and substations, 
and track profiles. 

2. A description of the system or generation1 transmission, transformation, distribution, and utilization of the 
electric supply, including general equipment of po\ver stations, substations, etc .. Diagrams giving· feeder, trolley 
(or third rail), and bonding layouts, and any printed descriptions or references thereto. 

3. General deScription with drawings of locomotives in use, with total '\veight and weight on drivers. 
4. Characteristic performance curves of locomotives-speed, torque, and heating. 

TRAFFIC STATISTICS MONTHLY FOR 1919 AND TOTALS. 

5. Train-miles (excluding multiple-unit cars) for freight and passenger, or for both. 
6. Electric locomotive-miles for freight and passenger, or for both. 
7. Multiple-unit car mileage and train mileage. 
8. Statement of switching service in electric locomotive-miles, locomotive-hours, or in'such form as is at hand. 
9. Total gross ton-miles moved.' 

ELECTRIC SUPPLY .. 

10. Kilowatt-hours used-power-house. output or substation input or output, preferaoly the latter. State point 
of measurement and whether record is available. at either of the other points, even if for shorter periods. 

11. Average daily, monthly, and annual load factors, stating how divisor is determined-that is, whether hourly 
peak or other. ·· · 

12. Monthly peak, kilowatts. 
13. Cost of electric supply in detail, if generated; or price, if purchased. 
14. Cost of handling traffic per train-mile and per ton-mile. 
15. Maintenance cost of locomotives per locomotive-mile and annual tqtals. 
16. Cost of construction and equipment, subdivided into energy supply, transmission system, sub~tations, distribu

tion, and locomotives, with date of purchase. 
17. Total cost of operation and maintenance of electric system under standard Interstate Commerce Commission 

classification. 

Tables 8, 9., 10, and 11 set forth these fundamental data of the roadbed, equipment, and 
traffic of each of the steam roads within the zone, and Table 12 summarizes them for the entire 
zone. The Central New England is included with the New Haven road in all tables. 

TABLE 8.-Steam-operated tracks owned by class 1 railroads within superpower zone, 1919, in m:iles. 

System. 

Boston & Maine ....................................... . 
Boston & Albany ...................................... . 
New York, New Haven & Hartford and Central New 

England a . ....... : _ . _ . _____ ...... · __ ... ___ . _ . __ •.. _ . __ 
New York Central a ...•......•.......... _,_ ..•...•••.• 
Delaware & Hudson .................................. . 
Ulster & Delaware .................................... . 
New York, Ontario & Western ........................ . 
Lehigh & New England ............................... . 
Lehigh & Hudson River .............................. .. 
Erie ................................................. . 
Delaware, Lackawanna & Western ...................... . 
Lehigh Valley ......................................... . 
Central of New Jersey ................................. . 

~~~~!;f!~~i: 'a'_:_~ : : : : : : : : : : : : : : : : : :. : : : : : : : : : : : : : : : : : : : 
Philadelphia & Reading .............. _ ................ . 
Western Maryland ..................................... . 
Baltimore & Ohio ..................................... · 

a Electrified track omitted. 

.First. 

1, 872 
393 

2,212 
790 
377. 
129 
180 
238 

. 75 
715 
590 
673 
638 
312 

2, 176 
1,581 

95 
350 

13, 396 

Main track. 

Second. Other . 

620 10 
220 no 
819 66 
594 414 
233 56 

154 ....... .. 
4 ·••·····• 

364 
357 
312 
252 

. 102 
944 
627 
20 

227 

5, 849 

67 
1"22 
129 
80 

7 
515 
157 

43 

1, 776 

Yards and 

Total. 
sidings. 

2,502 1,124 
723 419 

3,097 1,558 
1, 798 952 

666 337 
129 34 
334 118 
242 114 

75 57 
1, 146 725 
1,069 705 
1, 114 774 

970 822 
421 281 

3, 635 2,473 
2,365 1, 375 

115 58 
620 307 

21,021 12,233 1 

Total. 

3,626 
1, 142 

4,655 
'2, 750 
1,003 

1G3 
452 
356 
132 

1,871 
1, 774 
1,888 
1, 792 

702 
6, 108 
3, 740 

173 
927 

33,254 
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TABLE 9.-Steam locomotives in service· on class 1 railroads within superpower zone, 1919. 

System. Freight. Passenger. Switching. 'rota!. 

Bpston & Maine ..... _. .................. ~ ................................ . 465 305 203 973 
Boston & Albany ....................................................... . 
New York, New Haven & Rar.tford ·and Central.New England .............. . 
Ne\V Yqrk Central. .. · ..................................................... . 

147 1.43 61 351 
416 407. 344 1,167 
244 191 212 64.7 

Delaware & Hudson ..................................................... . 262' 34 18 314 
Ulster & Delaware ......................................... : ............. . 1.7 8 3 28 
New York, Ontario & Western ........................................... . 

~*\-~~-~- ~~:d~~~~~;_:_.·_.·:·:··:·:·:-:::::: :-::::::::::::::::::::::::::::::::::: 
77 39 8 1.24 
35 2 24 61 
40 5 3 48 

260 176 132 568 
Delaware, Lackawanna & Wosten,1 ..................... :: ... :: ........... . 

~~\~:.j.~.7~~~;;·;·:~:~~: :~: ~ ~ ~: ~ ~ ~: ~~::: ~::::: '::. ~: ~ ~:. ~ :::: ~: J 
PhilaJelphia & ~eading ........................ ~ ......................... . 
::~~~:~r!:f&rB~~~-: ~: ~: ~:::: :·::: :·::::::: :·:::::::::: i::::::::: :·::::::::::: 

312 128 130 570 
280 85 254 619 
253 155 177 585 
43 67 36 146 

674 593 568 1,835 
474 242 366 1, 082 
46 26 21 93 

106 63 141 310 . .. ' . 
4, 151 2,669 2, 701 9:521 
43. 6 28.0 28.~ 100 Per cent ............................................. ·.·.·.· ................. . 

TABLE 10.-Steam traffic mo·vement on class! railroads within superpower zon.e, 1919. 

Freight, Passenger Switching 
trailing load (thousands (thousands 
(thousands of of t.rain- of locomo-System. 

ton-miles). miles). tivo-miles). 

Boston & Maine ....................... : ................................. · . . . . . . . . 6, 660, 000 
Boston & Albany.............................................................. 3, 266,000 
New York, New Raven & Hartford and Central New England ........... _........... 8, 183,000 
New York Central. ............................................................. 10,914,000 
Delaware & Hudson ........... _ ................................ ·................ 5, 650,000 
Ulste1· & Delaware.............................................................. 85, 000 
New York, Ontario & Western ... _ ... _ ............... , .......... ~............... 915,000 

~~1.~~-~-~~~~~~~e~;:·:·:·:·:·::::: ::::::::::::-::::::::::::::::::::::::::::::::: 5, n~;ggg 
Delaware, Lackawanna & Western ..................... : . ...................... ·. 6, 200, 000 
Lehigh Valley ................................................. : . . . . . . . . . . . . . . . . 5, 093, 000 

~~~~:::;~~z .. ~ ~-~~:·~ ·:·:· :. ::: : : : : : :: ::::::::::: : : : : : : : : : : : : :: :::::::: : :: : :::::::: . 2:: ~: 5 
Philaclel)hia & Reading ................................................ _........ 10, 900, 000 

::l~l~~~r:&B~i~1 
... -_ -. :::::::: : : : : : :: :: : : : : : : ::: :: : : : : : : ·: : : : : :::::::::::: :::::: : 3, ~~~: ggg 

95, 629, ooo 1 

9,220 
3,640 

11,250 
10,400 

910 
240 
865 
30 

125 
4,600 
4, 100 
2,170 
3,810 
2,500 

23,426 
7,550 

240 
2,950 

88,026 

4,460 
2,330 
4,900 
5,086 
1, 143 

27 
300 
540 
80 

2,306 
3,200 
3,480 
3,000 
1,200 

14,024 
7,763 

120 
2,577 

56,536 
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TABLE 11.-Coal used by steam locomotives of class 1 railroads within the superpower zone, 1919; in short tons .. 

System. Freight. Passenger. Switcher. Total. 

Boston & Maine ...................................... : ...... 642,500 485,000 '193, 500 1,321,000 
Boston & Albany ......... .-..................... ~ ............ 397,000 246,000 83,000 726,000 
New York, New Haven & Hartford and Central New England .. 800,000 705,000 279,000 1,784,000 
New York Central. ........................................... 724,000 609,500 272,500 1,606,000 
Delaware & Hudson ........................................... 622,000 62,000 81,000 765,000 
Ulster & Delaware ............................................ 18,700 14,000 1,300 34,000 
New York, Ontario & Western .............. · ........... ; ... ; .. 108,300 35,000 16,000 159,300 
Lehigh & New En1land ................. " .•................... 63,100 2,800 27,500 93,400 
Lehigh & Hudson iver ..................................... 58,000 7,600 5,300 -70,900 
Erie ....................................... ··.··············· 575,500 356,900 161,000 1,093,400 
Delaware, Lackawanna & Western ............................ 900,000 300,000 200,000 1,400,000 
Lehigh Valley ............................ ~ .................. 676,000 187,000 240,000 1,103,000 
Central'of New Jer!3ey ......................................... 505,700 260,400 195,400. 961,500 

84,200 141,200 48,100 273,500 ~~~;.:~::i~ .· : · .. ~: : : ~ : ~ : : : : : : : : : : : : : : : : : ~ : : : ~ : : : : : : : : : : : : : : : 1,731,200 1,413,000 750,800 3,895,000 
Phila el)fia & Reading ..................................... 1,505,100 495,100 404,500 2,404,700 
Western aryland ........................................... 48,000 , 16, 700 9,600 74,300 
Baltimore & Ohio ............................................ 312,500 187,800 140,000 640,300 

9,771,800 5;525,000 3;108,500 18,405,300 
Per cent .................................................... 53. 1 30.0 16.9 

TABLE 12.-Summary of principal data for class 1 railroads within the superpower zone for 1919. 

Road ......................................................... --:.· ............ miles· .. 13, 396 

. Main track .................................................................... do .... · 21,021 
Yards and sidings .... ~ ... ~ ....... , .......................................... do. . . . 12, 233 

----
All tracks .................................................................... do.... 33; 254 

Freight locomotives ................................ : .. : ........................... . 
Passenger locomotives ............................................................ . 
Switcher locomotives .................. ~ ........................................... . 

All locomotives ................................................................... . 

4,151 
2,669 
2, 701 

9,521 

Freight trailing lo.ad ......................................... ~thousands of ~on-miles .. 95, 629,000 
Passenger service ................ ; ......... ~ .............................. train-miles .. 88, 026, 000 · 
Switcher service .................................................. locomotive-miles ... 56, 536,000 

Coal burned: 
Freight service ..................................................... short tons.. 9, 771,800 
Passenger service ......................................................... do.... 5, 525,000 
Switcher service ........................... · .............................. do.... 3, 108,500 

All services ............................................ " ................. do .... 18, 405, 300 

100.0 

In addition to the data from the railroads two large electric companies, the General Elec
tric and the Westinghouse, were asked to prepare estimates of cost of substation equipment, of 
electric locomotives, of catenary construction, and of other electric facilities-all as of the year 
1919. Similar data were also asked of the Ohio Brass Co. and one or two other companies. 
All made prompt and full response. After a provisional analysis of certain of these data the 
opinions· of engineers of electric railways were sought, and their criticisms were considered in 

. making up final·estimates of cost of construction and of operation. 
The locomotive-mile and the ton-mile were selected as bases for 'the electric comparisons, 

principally for the reason that locomotive maintenance is always reported "per locomotive
mile," both for steam and electric locomotives. The statistics of electric service for energy 
used can easily be put into any units. Form C was standardized, and the replies from the 
operating roads were all tabulated in this form, as shown on the following page. 
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Form C. 

Comparison of steam and electric operation,o M. & N. system, R. division. 

Freight. Passenger. Switcher. All services. 

Unit value. Total. Unit value. Total. Unit val~e.l Total. Unit value. Total. 

1. Miles of road operated .. .................. 293 .............. 293 ................ ................. ................... 293 
2: Miles of track operated .. ............... 505 ............... 505 .............. 221 ................ 726 

Stearn. 

3. Average number of as-
signed locomotives .... .............. 96 .............. 89 ............ 60 .............. 245 

4. Weight on dri.vers.tons .. (' 100 9,600 64 5,700 81 4,860 82.3. 20,160 
5. Locomotive-miles, 

.......... thousands .. ................. 1, 728 .. ............. 4, 150 .. ............... 1,654 ::.. .. .... 7, 532 
6. Trailing ton-miles. do .... ................. 2,433,000 ............. ................ ................ ................. ::::::::::!:::::::::: 7. Car-miles ......... do .... ............... ................ ................. 28, 130 .. .............. ................. 
8. Coal b urn.ed ...... tons .. ................ 221,000 ................ 225,000 ................. 68,500 ............. 514,500 
9. Coal per locomotive-

mile ........ pounds .. ................. 225 ................ 108 --------- 83 . .............. 137 

Electric. 

10. Kilowatt-hours (M-ton-
mile basis). thousands .. 30 73,000 ................. ................... . .............. ............ .................. .. ............... 

11. IG.lowatt-hours (locomo-. 
tive-mile basis, -.......... thousands .. 42.3 73,000 20 83;000 15 24,800 24 180,800 

12. Equivalent coal. .. tons .. ................ 73,000 .. ............. '83, 000 ................. 24,800 ................. 180,800 
13 .. Coal saved, per cent and 

tons ................... 67 148,000 63 142,000 64 43,700 65 333,700 

Unit and total cost. 
. 

14. Cost of coal and water a . . $5.00 $1,105,000 ............... $1,125,000 . ............. $342,500 .. ............... $2,572,500 
15. Cost of electric energy .. . 01 730,000 ........... 830,000 .. ............... 248,000 .............. 1,808,000 

16. Excess cost of steam ..... .................... 
17. Locomotive main te-

375,000 .............. 295,000 .. ........... - - 94,500 . ........... 764,500 

nance, steam b . ....... . 63 1,087,000 $0.366 
18. Locomotive main te-

1,519,000 $0.366 605,000 $0.426 3,211,000 

nance, electric b . . .... . 0823 142,200 . 0823 341,500 . 0823 136, 100 . 0823 619,800 
19a. Maintenance of distri-

bution. system ......... 600.00 84,000 ............... 218,000 400.00 300,000 ............ 602,000 
19b. Substation operation 

and maintena]lce ..... . 0007 51,000 . 0007 58, 100 . 0007 17,400 . 0007 126,600 

20. Total cost, steam opera-
·2, 192,000 tion ................... .............. .. .. . . .. . . .. .. 2,644,000 . ........ 947,500 .......... 5,783,500 

21. Total cost, electric oper-
ation ................. .................. 1,0()7,300 .. .. -...... 1,447,600 ............. 701,500 . ........... 3,156,400 

-----
22. Excess cost, steam oper-

ation ................. 2, 346. 1, 184, 700 2,369 1,196,400 1, 113 246,000 3,619 2,627,100 

a Includes cost of fuel and water stations. b Includes engine-house expense. 

ANALYSIS OF DATA. 

The first nine items of Form 0 are taken from the replies of the railroads .to the questions 
of Form A. Items 10 and 11 cover the kilowatt-hours used. 

The view here taken is that the steam locomotive is a machine doing useful work, which 
in freight service is represented by the gross weight of cars and contents multiplied by the 
distance moved-that is, the" trailing ton-miles." In this service variations in speed are of 
little consequence .. The total tonnage movement is here referred to as ''total ton-miles" or 
as" trailing ton-miles plus locomotive ton-miles." 

The same procedure is followed in estimating the electric requirements-the electriC 
locomotive is regarded as a machine substituted for the" steam locomotive to do the· same 
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work. , This procedure, however, does not lead to a direct statement of the saving in tonnage 
movement due to the smaller total weight of the electric locomotive as compared with that 
of the steam locomotive and tender. .This differepce, inclu9-ing for freight servic~ the weight 
of the loaded tender and the part of the ·weight of the. steam locomotive that is not on 
drivers,can be e~timated separately; it is appro:ximately 8 to 13 percent of the trailing ton-miles. 
This difference is considerable, but it is not of so great consequence as is sometimes assumed. 

In passenger service the work done is that of moving the loaded cars over a certain distance 
at a certain speed, and in this service the speed-the time consumed-is important. 

ENERGY·REQUIRED FOR ELECTRIC TRACTION. 

The electric energy required for the railroad$ is determined from the records of lines already 
electrified, with proper allowance for variations in the conditions of operation, and from calcu
lations based on the profile and the alinement of the roads considered and the efficiency "of their 
locomotive and· distribution systems. . 

The most extensive data available for lines already electrified are those of the New Haven 
road, which has installed wattmeters on its locomotives, keeps records of their individual per
formance, and classifies these records for the several kinds of service performed. This company 
also keeps daily records of the energy generated at its Coscob station and of that which it buys 
from the United Electric Light & Power Co. and the New York Central Railroad Co. Tables 
have been prepared by the New Haven company showing the energy used in slow-freight, 
local-freight, fast-freight, passenger, and multiple-unit service. 

Table 13 is a summary of the average operating results of the New Haven system for 1919, 
showing the input to the locomotive in kilowatt-hours per locomotive-mile, train-mile, trailing 
ton-mile, total ton-mile (including locomotive), and car-mile for fast, slow, local, and all freight 
service; for express, local, and all passenger service;o and for multiple-unit service. These 
figures can be used with confidence for railroads operating under conditions similar to those of 
the New Haven, which do not differ ~aterially from those of a number of the other roads in 
the ~uperpower zone, particularly along the coast. In fixing the units of energy for the different 
operating divisions much weight is given to the results of the New Haven service, modified as 
required by the profile and aJinement under examination. 

TABLE 13.-Electric energy used by New Haven locomotives in 1919, in kilowatt-hours of locomotive input. 

Per 1,000 ton-miles. 
Perl~~otive- Per train-mile. 1------;---o --1 

Trailing. Train. 
Per car-mile. 

·Freight service: 
Fast........................................ 26. 0 27.0 24. 5 22. 2 o.ss 
Slow......................................... 34.0 42. 7 24. 9 23. 1 . 93 
Local...................................... 36. 1 36. 5 42. 5 38. 2 1.52 

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33. 6 40.0 26. 6 24. 5 . 98 
I 

24. 6 44.3 32. 6 2. 96 
26. 1 76.5 51. 4 3.93 

Passenger service: 
Express ................................... ·. 13. 7 
Local...................................... 17. 5 

Average.................................. 14.7 25. 1 51.4 37.0 3.21 
1=========1========1=========1=========1========== 

17. 4 62.2 62. 2 4. 2 
-·---------- ...................... ........................ ------------~~~i~~-t~~i~~~~~~~~:_·_· _· ~:::::::::::::::::::::::: ...... ·.i2.· 4. 

Other records of electric energy for locomotive-drawn trains, both freight and passengerr 
are given in Table 14. The figures for ~he New Haven system in this table are referred to the 
substation output, an efficiency of 90 per cent being used for the distribution system. Those 
for the Chicago, Milwaukee & St. l?aul are given on the authority of the electrical engineer of 
that road for the energy delivered to the substation, multiplied by 83 per cent as average 
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substation efficiency; those for the New York Central Railroad were presented by the chief 
engineer of electric traction at the joint meeting of the American Institute of Electrical 
Engineers and the American Association of Mechanical Engineers October 22, 1920; those for 
the Pennsylvania Terminal are given in reports made to the superpower survey. All are 
reduced in Table 14 to the same point of reference-the substation output. 

\ 

TABLB 14.-Electric energy used for locornotive-drawn freight and passenger trains, in kilowatt-hours of substation output. 

Frei(l'ht service: 
Per train-mile ...................................................... . 

, Per locomotive-mile ......................... : ....... · ................ . 
Per thousand ton-miles (trailing) ......................••.•............ 
Per thousand ton-miles (total) ... : .................................... . 

Passenger service: 
Per train-mile ...................................................... . 
Per locomotive-mile ................................................. . 
Per thousand ton-miles (trailing) ..................................... . 
Per thousand ton-miles (total) ........................................ . 

n Energy o.t locomotive 1.17. b Substation input 0.83. 

New 11~~c:~ee New York 
Haven.a & St. Paul.b Central. 

Pennsyl
vania 

Terminal. 

44 .......................... . 
37 
29 
27 

33 ................. . 
29 ................. . 

28 . . . . . . . . . 30 ........ . 
16 . . . . . . . . . . . . . . . . . . 32 

57 
41 

c Average. 

47 { c 40 } 
d 26 55 

33 ................. . 

dMinimum. 

The second method of determining electric energy required consists in calculating, from 
profile and alinement, the work due to normal train resistance and adding to this the net 
work done against gravity, plus the work due to curvature, plus the work due to accelera
tion. For example, on the profile shoWn in 

0.3% 0.0% 0.6~ 
figure 13, for. eastbound movement· it is ,.~~~o/o ~-west bound'l ~ 

d h . . d d d w.·. _..).;-- 1 , - £ast bound _ ___L_le-. assume t at no power 1s requrre to escen 
the 0.6 per cent grade, but no credit is taken FIGURE 13·-Typical railroad proflle. 

for use of the kinetic energy accumulated at the bottom of this grade in ascen<ling the next grade; 
for westbound movement it is assumed that no power is required on the 0.3 per cent grade for 
freight service, but that the difference between 0.3 and 0.5 per cent is used for passenger service. 
'The lifting work is taken as the sum of the separate lifts; the work against curvature is the sum 
of the products of degrees of curvature taken from the alinement charts, multiplied by length of 
curve, and the unit resistance is taken at 0.8 pound per ton per degree. In freight service an 
acceleration from :r·est to 25 miles an hour and another from 10 to 25 miles an hour is assumed for 
each 10 miles. The sum of these elements gives the total work !equired at the ra.il to move a ton 
over the division considered. Thi~ process is carried through for movement in both directions, ~nd 
the average of the two results is taken for the work required. This average divided by the 
efficiency from rail to substation input gives the watt-hours per ton-mile measured at the sub
sta.tion. For divisions on which the traffic is greatly unbalanced separate estimates were made 
for the eastbound and westbound movements. 

Calculations made for a number of the operating divisions w1.thin the zone that differ most 
widely in grade and alinement show that the adde~ resistance in freight service due to grade, 
curvature, and acceleration ranges-from 0.5 to lOpounds per ton. The maximum figure is that 
for the Jefferson division of the Erie, which includes a straight climb over a divide in both direc
tions. 

SWITCHER SERVICE. 

The data of coal burned or energy required in switcher service are meager, consisting 
mainly of the results of a few test~ recently made by the General Electric Co., of tests made by 
the Chicago Smoke Abatement Commission, and of tests made on the New Haven road. These 
tests show conclusively that the waste of coal in switcher service is great and that the actuaJ 
work done by a switcher locomotive is small. 
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The tests in Chicago were made at a number of busy yards, in heavy service, chosen as 
typical of the conditions there.· The average results are as follows: 

Work done per locomotive-hour: 
Trailing .......... ~ .........................................•..••.••.•••... ton-miles. . 1, 000 
TotaL ..... · ................................................•................... do .... 1, 400 

Coa.l used per locomotive-hour .....................................•......•..•.•. pounds.. 824 
Mileage per locomotive-hour ...................... · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 26 
Trailing load .......................................................... · ............ tons. . 306 
Coal per trailing ton-mile ........................................................ pounds .. 0. 824 · 
Coal per locomotive-mile, actuaL .................................................... do.... 255 
Coal per locomotive-mile, 6-mile basis 1 ••••••••••••••••••••••••••••••••••••. • •••••••• do. . . . 138 
Time in motion, per movement ..... ~ ............ .' ....... · ..•..................... seconds.. 80 
Time of stop, per movement ....................................................... do~... 53 
Total time, per movement .......................................................... do.... 133 
Length of run, per movement ......................... : ............................• feet. . 640 

From these data the following deductions are made: 
Average speed when moving .............................................. miles per hour .. 
Maximum speed (say) ................................... · ........................... do ... . 

· d · f . {watt-hours per ton ...... . 
Energy requue at rail or acceleration per movement ............. watt-hours per ton-mile .. 

Energy required at rail for train resistance .......................................... do ..•. 
Total energy at raiL ................................................................ do ... . 
Total energy per locomotive-hour .............. ~ ........... · ................. kilowatt-hours .. 
Coal burned per kilowatt-hour of work at raiL .................................... pounds .. · 
Efficiency assumed, rail to substation ............................. ~ .............. per cent .. 
Energy required for substation input, per locomotive-hour .................. kilowatt-hours .. 

5.45 
10 

2.5 
21 
16 
37 
52 
16 
63 
83 

The tests made at Erie by the General. Electric Co. with a storage-battery locomotive 
weighing 43 tons on drivers gave an average of 50 watt-hours per ton-mile of to~al train weight 
(in chiding locomotive); the range from the six days' tests was from 4 7.8 to 55.7 watt-hours. 
Similar tests with a steam switcher weighing 40 tons on drivers gave 1.47 pounds of coal per. 
total ton-mile. That is, in similar service the coal equivalent of 1 kilowatt-hour input to motors 
was 29 pounds, and that of 1 kilowatt-hour at rails was 34 pounds. The corresponding figure 
for road service, given below, is 7.5 pounds. Switcher service involves a great waste of coal 
due to large stand-by losses. 

This 50 watt-hours per ton-mile is measured on the locomotive; referred to substation 
input it becomes 65 watt-hours per total ton-mile and 87 watt-hours per trailing ton-mile where 
25 per cent of the total· train weight is in the locomotive. This is practically the same as the 
83 watt-hours per trailing ton-mile (83 kilowatt-hours per locomotive-hour) deduced above 
from the Chicago tests. . · 

The above figures are all in general accord with such data as have been published; some 
results, however, have indicated much lower figures-as low ·as 30 to 50 kilowatt-hours at the 
substation per locomotive-hour. · 

COAL SAVED. 

The quantity of coal burned in a steam locomotive equivalent in work done to 1 kilowatt
hour delivered to an electric locomotive is estimated by the electrical engineer of the Baltimore 
& Ohio Railroad at 7.5 pounds and by the electrical engineer of the Chicago, Milwaukee & 
St. Paul Railway at 8.4 pounds. A committee of the American Electrical Railway Association 
has published data for a modern Mallet locomotive, with ~uperheater, which makes the equivalent 
coal per kilowatt-hour with stand-by losses 7.5 pounds.. The same authority elsewhere gives 
6.5 pounds as the eq~valent of 1 kilowatt-hour at the power station, equal to 8.1 pounds per 
kilowatt-hour at the locomotive. Other electrical authorities give materially larger figures
some as much as 12 pounds. The weight of expert opinion is, then, that not less than 7.5 pounds 
of coal is required to do the work of ·1 kilowatt-hour at the locomotive. 

The approximate uniformity shown on the operating sheets (Form C) in the percentages 
of coal saved in the three services on the several ~oads by electric operation tends to confirm 
the validity of the figures taken for kilowatt-hovrs used (items 10 and 11, Form C); on the 

A standard method ofexpressing switching units is at 6 miles per locomotive-hour. 
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assumption that all the roads in the territory are fairly well operated there should be approxi
mately the same percentage of saving of coal on each road in freight, passenger, and switcher 
service, respectively ... The performance of individual steam locomotives of course differs 
materially, but that of groups only slightly. The operating sheets show that the coal saved in 
freight service is from 50 to 70 per cent. For passenger service the saving is from 65 to 75 
per cent, in general somewhat higher than for freight service, as would be expected, inasmuch 
as the freight locomotives are more closely proportioned to their work than passenger loco
nlotives. Similarly the saving in switcher service is from 70 to 85 per cent, and this also is 
consistent, inasmuch as the switchers operate under the worst conditions. 

EFFICIENCY. 

The power and the losses in the several parts of the direct-current system from substation 
input to rail for average load are taken as- · 

Per cent. 
Substation input ............................... " ........................................ 100 
Substation output........................................................................ 85 
Distribution efficiency........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90' 
Input to locomotive ................................. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76. 5 
Efficiency of locomotive .. ~ ............................... ~............................... 82. 5 
Output of locomotive ........................ :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 

Under these conditions a freight train with·a resistance of 6 pounds per ton would require 
19 watt-hours per ton-mile, and a passenger train· at 10 pounds per ton· would require. 32 
watt-hours per ton-mile. . 

EQUIVALENT COAL. 

Item 12 on Form C, "equivalent coal," is uniformly ~aken at 2 pounds per kilowatt-hour 
for energy delivered at the substation. All ·losses of energy in transmission and conversion 
from the power station to the substation are included in this fj.gure. If 1.5 pounds per kilo
watt-hour is the average for coal used in superpower stations,. then the assumption of 2 pounds 
per kilowatt-hour at the substation means an efficiency of only 75 per cent from substation 
input to power house. 'This is low---:80 to 85 per cent is more nearly correct. The "equivalent"· 
coal is given only to show the perc·entage of coal·that would be saved under electric operation; 
_it does not enter into the comparative costs. · · 

COST OF COAL. 

Item 14 covers the total estimated cost of coal at the railroad's fuel stations, including 
freigh~ on home lines, plus the estimated cost of operating and maintaining the fuel and water 
stations, prorated per ton to the total 9oal used. 

Only one or two of the replies from the railroads included freight on home lines. In this 
analysis the cost of delivering coal to points in the superpower zone has been determined from 
a base mine cost of $2.90 a ton for 1919.. The cost of the coal delivered as thus determined is 
substantially the same as the cost reported by the railroad companies, after allowance for 
freight on home lines. In order to make the costs justly comparable throughout a unit price 
was adopted for railroad coal for each section; the cost per ton as thus fixed for the several 
sections of the zone is $5, $5.50, and $6 for the south, 'central, and north sections, respectively. 
These costs include the prorated cost of fuel and water stations. The uniform base mine price 
used affords a truer comparison of steam and electric operation than the variable figures of the 
railroad companies. · 

COST OF ELE~TRIC ENERGY. 

It is assumed that the railroads will purchase energy delivered at high pressure a-t sub
stations on or near the .railroad right of way, at the flat rate of 1 cent per kilowatt-hou:r. This 
price includes the total cost of generating and transforming electric energy and transmitting it 
to the railroad substations, with profit to the supplier. 

No estimate is made of the maximum power required for the service, except in so far as 
it is involved in the determination of the. substation capacity and the feeder capacity, for as 

63361°-21--5 . 
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the cost of. energy is figured at a flat rate per kilowatt-hour the maxima to be provided do not 
enter in to this i tern. 

Similarly, no definite ratio h~s been assigned to the eastbound and -westbound traffic; in 
general this ratio is similar for most of the roads in the zone. Where ·the profiles indicate that 
greater work is required in one direction than in the other this difference has been tak~n into 
consideration in the allocation of energy. All estimated figures here given are assumed averages 
and would of course have to be modified for each division by detailed study. 

The load factor of the several divisions will be between 40 and 60 per cent-, and 50 to 53 
per cent may be taken as the average for unified operation. 

MAINTENANCE OF STEAM LOCOMOTIVES. 

Item 17 of Form G is the cost of steam.:.locomotive mainteli.i\-nce as reported by the railroads, 
plus engine-house expense, prorated to the locomotive-mile. This item is the one affected most 
by electrification. The saving in maintenance by the electric locomotive is from two to -five 
times the saving in coal; and this difference accounts for 50 to 100 per cent of the net saving 
made by electric traction. 

Table 15 gives the cost of steam-locomotive maintenance for the principal systems in the 
superpower zone for 1919; the amounts included are Interstate Commerce Commission accounts 
No. 308, locomotive repairs, and Nos. 388 and 400, engine-house expenses for yard and train 
locorn."otives. These costs- are reduced to the cost per locomotive-mile by taking as divisor the 
total mileage. From·this result and the average weight of locomotive on drivers the sum of the 
cost of repairs and engine-house expense is prorated to the cost per locomotive-mile for 100 tons 
on drivers. · · 

, T~nLE 15.-Cost of n:aintenance of steam locomotives for 1919. 

.. l· 

System 

A_verage 
weight 

on 
:drivers 

(~ons). 

Boston & Maine ........... · 80.9 
New .York, New Haven&~ .. 

Hartford ...... ~ . . . . . . . . 63. 9 
Central New England..... 68. 6 
New'York CentraL .... ~-_." . 86.5 
D.elaware & Hudson....... 89.2 
Lehigh & New England.·.~ 74.2 
Lehigh & Hudson River.--:. 76~ 3 

Distance 
traveled 

(thousands 
. ofloco
motive
miles). 

24,592 

23,071 
1,844 

91,313 
11,015 
1,212 

767· 
~6,07~ Erie....................... 90.4 

Delaware, Lackawanna & · 
-Western .............. :·. 77:9 : .19;263 

Leh_igh. Valley. . . . . . . . . . . . 85. 6 17, 88~ 
Central of New Jersey" ... :. · 72. 9 12, 289 
Pennsylvania ...... : ... : .. · 83: 53 112, 595 
Philadelphia & Reading.. . 78. 3 22, .164 

8o. 76 3"64,·os6 

Repairs (No. 308) .. 

Per loco- Per loco
m;:_~e- motive-
(cents). year. 

25. 33 $5, 562 

29. 9 
31. 23 
21.15 
32.6 
27.8 
27.8 
45.6 

26.9 
40. 6 
29.2 

"38.6 
32. 6 

31. 8 

6,110 
7,57'0 
5,·203. 
7,319 
5,521 
4,267 
9,790 

6,836 
7,126 
6,210 
9,216 
6,853 

7,246 

Interstate Commerce Commission accounts. 

· Engine-house 
expense (Nos. 388 

and 400). 

Per loco
motive

mile 
(cents). 

Per loco
motive

year. 

8. 66 $1,904 

11.02 2, 253 
10.37 2, 540 
8. 55 2,103 

12.22 1, 832 
1. 82 I 1, 554 
8. 77 1, 345 
9. 65 _2, 070 

9.-45 2, 401 
8. 75 1, 537 
6. 24 1, 328 

. 6. 85 1, 634 
8. 93 1, 879 

. 8. 39 1, 911 

Total cost . 

Actual. 

Per loco
motive

mile 
(cents). 

Per loco
motive

year. 

33. 99 $7' 466 

40.92 8, 363 
41. 60 10, 118 
29.70 7,306 
44.82 9,151 
35.62 7, 075 
36.57 5, 612 
55. 25 11, 860 

46.35 9, 237 
99.35 8, 663 
41.60 7, 538 
45. 45 10, 850 
31. 53 -8, 732 

40. 19 9,157 

Prorated to 100 tons 
on drivers. 

Per loco
motive

mile 
(cents). 

Per loco
motive

year. 

55. 63 $12, 263 

64.05 
60. 65 
34. 28 
50.20 
48.05 
47.94 
61.19 

46.62 
57.62 
48. 55 
54. 60 
53.00 

49.80 

13,210 
14,755 
8,433 

10,269 
9,545 
7,362 

13,126 

11,855 
10,115 
10,339 
12,983 
11,152 

11,310 

Table 16 gives similar data for the New York Central,' Pennsylvania, Reading, New 
Haven, and Erie·.systems for 1911 to 1919.· The-weighted average is given for the years 1911 
to 1915, inClusive,·· a period during which there was practically no variation in these unit costs. 

It is difficult to.find a satisfactory_ explanation of the great variations in these figures among 
the different systems; the division of total cost between repairs and engine-house expense differs 
somewhat, certain roads· throwing more of the work on the engine house; but the sum of the two 
items is still widely divergent. There is no difference in the kind of service to which the loco
motives are put that will account f?r these marked va~iations. 
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TABLE i6:~Cost of maintenance of steam locomotivesfor 1911-1919. 

\ Interstate Commerce Commission accounts. 

Total cost. 
Distance Engine-house Average traveled Repairs (No. 308). expense (Nos. 388 weight (thou- and 400). Prorated to 100 tons System. Oil sands of Actual. on drivers. drivers locomo-

(tons). tive- -
miles). 

Per loco- Per loco- Per loco- Per loco-
motive- Per loco- motive- Per loco- motive- Per loco- motive- Per loco-

mile motive- mile motive- mile motive- mile motive-
(cents). year. (cents). year. (cents). year. (cents). year. 

-----.-------
New York Central: 

1911-1915 ....... ~ .... 75.36 66,356 9.04 $2,460 . 3.1 $849 12. 14 $3,309 16. 11 $4,391 
1916 ................. 82. 24 108,626 7.6 2,421 3.06 972 10. 66 3,393 12. 96 4, 126 
1917 ................. 83. 60 106,403 10.0 3;051· . 4'. 07 1;241 14.07 4,292 16.83 5,134 
1918 ................. 85.60 100,576 17.59 4,689 7.30 1,947 24.89 6,636 29.08 7,752 
1919 ......... · ........ 86.50 91,313 21. 15 5,_195 8.54 2, 100 29 .. 69 7,295 34.32 8,434 

Pennsylvania: 
5, 183 1911-1915 ............ 75.85 94:, 142. -12.7 3,221 2.8 710 15. 50 3,931 20.44 

1916 ................. 83.4 105,522 i3. 1 3,478 2. 6 687 15. 70 4, 165 18.82 4,994 
1917 ................. . 87.6 108, 638 17. '5 4,620 3.4 899 20.90 . 5, 519 23.86 6,300 
1918 ................. 90.4 122, 965 32.88 8,960 3. 7 1,784 36. 58 10,744 40.46 11,885 
1919 ................. 91.0 112,595 38.62 9, 175 6.8 1,627 45.42 10,802 49.91 11,870 

Philadelphia & Reading: 
2,886 750 14. 73 3,636 23.41 5,779 1911-1915 ............ 62. 92 24,631' 11. 69 3.04 

1916 ................. 70.83 27,422 12.28 3,397 3: 19 883 15.47 4,280 21.84 6,043 
1917 .......... · ....... 73.20 28, 126 17. 85 4,993 4. 14 1, 156 21.99 6, 149 30.04 8,400 
1918 ................. 75.4 27,080 28. 17 ,7,423 7.50 1,975 35.67 9,398 47.31 12,464-
1919 ................. 78.3 22, 164 32.6 6,853 8.93 . ,1, 879 41.53 s, 732 1 53.04 11, 152 

New Yor~ New Haven & 

2, 8531 
Hartfor : 

1911-1915 ............ 50.7 27,027 9.6 2, 171 3.00 681 12. 60 24.85 5,625 
1916 .......... ' ...... 55.6 27,495 9.98 . 2, 272 3.61 822 13. 59 3,094 I 24.44 . 5, 565 
1917 ................. 57.5 26,099 14.0 3, 160 4. 77 1,078 18. 77 4,238 32.64 7,370 
1918 •................ 61.4 24, 784 30.85 6,400 8.99 1,861 39.84 8,261 64.88 13,454 
1919 ••............... 63.9 23,071 29.9 6,110 

Erie: 
11.04 2, 253. 40.94 8,363 64.07 13,088 

. 1911-1915 ............ 74:1 '28,768 11.21 2,430 3.45 749 ' 14.66 3, 179 19. 78 '4, 290 
1916 ................. 82.3 31,621 .15. 65 3,765 3.90 936 19. 55. 4,701 23;75 5, 712 
1917 ................. 87. 6 29, 903 24. 20 5,400 6.11 1,,360 30. 31 6,760 34.60 7,717 
191.8 ................. 90.0 29,316 45.3 9,950 11. 75 2,582 '57. 05 1.2,532 63.39 13,924 
1919 ................. 90.2 26,078 45'. 6 9, 790 9.65 2,070 55.25 11,860 61.25 3,_1481 

MAINTENA~CE OF ELECTRIC LOCOMOTIVES. 

Item 18 of Form C, cost of maintenance of direct-current locomotives, is taken uniformly 
at 10 cents per locomotive-mile per 100·tons on drivers. Actual costs are shown in Table 17 for· 
al~ direct-current railroads in .the -United States for 1919, and in Table 18 for all grouped, with 
the weighted average, for 1913-1919. The base cost, as stated above, is applied for each road·· 
to the same average weight on drivers as that of the steam locomotives of the road. 

TADLE-1~.-Cost of maintenance of direct-current electric locomotives, 1919. 

Cost. 

Number of Average Distance Actual. Prorated to 100 tons 

System. locomo- weight on traveled on drivers. 

tives. drivers · (locomotive-
(tons). miles). 

Per Per · Per. I Per . locomotive-Total. mile locomotive- loco~otlve- locomotive-.. · year. mlle 1 

(cents). (cents). I year. 

Baltimore & Ohio ............. 8 88 214,400 $24,600 ·11. 47 $3,076 · 13.02 I $3,491 
Butte, Anaconda& Pacific ..... 28 81 565,600 36,700 6.49 1.;312 8.01 1,619 
Chicago, Mil waukee & St. Paul 46 225 2,181,200 340,200 15. 59 7,394 6.93 ,3,286 
Michifon Central ... ~ .......... 10 108 245,500 34,600 14. 10 3,462 13.05 3,205 
New ork Central ............. 73 92 1,940,900 124,400 6.41 1, 704 7.00 1,862 
Pennsylvania Terminal ....... 31 103 1,348,000 225,300 16. 71 7,266 16. 30 7,088· 

196 124 6, 495,600 1 785,800 12. 10 4,009 9. 77 ~,238 
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TABLE 18.-Cost of maintenance of direct-current electric locomotives, 1918-1919. 

Year. 

1913 ................................................................................. . 
1914 ................................................................................. . 
1915 ........................ - ... - ......................... . -........... ---- ....................... - ................... - ... :-- ... -- .. - .. - ..... -- ...................... .. 
1916 .. ······ ......................................................................... . 
1917 ................................................................................. . 
1918 ................................................................................. . 
1919 ................................................................ -................ . 

DISTRffiUTION SYSTEM. 

Total distance 
traveled 

(locomotive
miles). 

2,422,800 
3, 678,200. 
3,808,800 
5,662,600 
6.797,000 
6,431,600 
6,495,700 

Cost .Per loco.. 
motiVe-mile 

per 1 00 tons on 
drivers (cents). 

5.83 
5.42 
5.44 
4.50 
5.89 
7.66 
9.77 

Item 19, Form C, maintenance of the eiectric distribution system, is taken at $600 per mile 
for main track and $400 per mile for yard track. These figures are based on the operating costs 
of certain electric roads and on a consideration of the usual maintenance costs of works of 
similar construction. Although $600 per mile of main track may seem low, it is probably not 
low if applied to a widespread system under unified control of both inspection and maintenance. 

MAINTENANCE QF SUBSTATIONS. 

Item· 19b, Form C, cost of operation and maintenance of substations, is based on $1.50 
per kilowatt per year of capacity, giving 0. 7 mill per kilowatt-hour for. a capacity factor of 25 
per cent. This is adequate for st~tions of the size required in a unified system for. the entire 
zone. 

SAVING IN WAGES OF TRAIN CREWS. 

Item 22 gives the excess cost for steam service as compared with el~ctric service without 
allowari:ce for saving in crew wages. Few data are available to show the amount of such saving, 
·but those that are available indicate that it will be considerable. In the Butte, Anaconda & 
P.acific freight service there has been a decrease in crew time·. of 29 per cent per ton-mile and a 
simultaneous increase In tonnage moved of 35 per cent, together equivalent. to a decrease of 47 
per cent in crew wages. On the Chicago, Milwaukee & St. Paul there has been an average 
decrease of 25 per cent in crew ti~e anfi an i~ci:~as~ qf 30 per ~.ent in _t<;mnage moved, together 
equivalent to a decrease of 42 per cent in crew wages. On the Norfolk & Western two electric 
locomotiv~s pull the same train as three Mallets at double the speed, making an output ,per 
locomotive-hour three times as great and a consequent saving in· crew wages of 67 per cent. 
The reason for this reduction in .ci:eW ·wages per ton-mile is ·clear: if a steam locomotive pulls a 
train 100 miles in 10 hours and an electric locomotive pulls it 100 miles in 8 hours, the use of the 
electric locomotive will save 33 per cent in crew wages (as 2 hours of the 10 would be paid for 
at double-time rates); and if the train pulled by the electric locomotive is 25 per cent heavier, 
the saVing in wages will be 46 per cent. Such a saving is easily made. · 

.. It is not yet possible to determine exactly the manner in which traffic within the superpower 
zone will be handled, but it is conservatively assumed that there will be an increase in ton
miles· per electric locomotive-hour of 33 per cent and a. consequent reduction in crew wages 
per ton-mile of 25 per cent. · · 

Table 19 shows for 1919 the crew wages in frmght service per thousand ton-miles for the 
principal systems in the zone, the tonnage moved, and the saving due t9 an increase of 33 per 

·cent in output; this saving averages 10 cents per thousand ton-miles. Applied at this rate the 
saving on the entire freight traffic of the zone in 1919 would have been $9,560,000. · .· 

For pas·senger service no data are at hand; a general consideration of the subject does not 
indicate a material saving in crew wages, and therefore none is assumed. · 

In switcher service the advantages of the electric locomotive in its quicker acceleration 
and quicker initial start are far-reaching. Tests made by the General Electric Co. at Erie 
show a movement per hour for the electric switcher of 1,000 trailing ton-miles as _~;tgainst 250 for 
a steam· switcher of the same· weight on drivers. The experience at the Oak Point yard of the 
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New Haven road proves that the relative output per locomotive-hour is more than 2 to 1. In 
view of these facts and of the characteristics of the machines, it is estimated that the electric 
switcher will do 50 per cent more work per hour than the steam switcher, and that consequently 
the wage account for the same total service will be reduced by 33 per cent. 

Table 19 shows that the average wages p_er switcher-mile in the superpower zone are $0.60. 
The saving will then be $0.20 per mile, and the total saving .in wages for the entire switcher 
traffic in the _zone in 1919 (56,536,000 miles) would have been $11,310,000; this is greater than 
the saving in freight sen-rice. 

TABLE 19.-Analysis of crew wagesfor freight and switcher service, 1919. 

-
Freight service. Switcher serv!ce. 

System. Train Saving in Train Saving in 
Wages per movement wages under Wages per movement wages w1der 
thousand (millions electric switcher- (th.:>usands electric 
ton-miles. of operation mile. of switcher- operation 

ton-miles). · (25 per cent). miles). (33 per cent). 

Boston & Maine ................................ $0.40 6,600 $660,000 ............... ................ ...................... 
Boston & Albany ........... · ...................... . 42 3,266 343,000 ................. ................. ....................... 
New York, New Haven & Hartford and Central 

New England ........ · ......................... . 55 8,183 1,130,000 $0.60 4,900 $980,000 
New Yo.rk Central. .............................. . 27 10,914 738,000 . 45 5,086 760,000 
Delaware & Hudson .............................. . 35 5,650 495,000 . 69 1,143 265,000 
Le!1igh & Hudson River .... _. ..................... . ................ ................ ..................... ................ .. ............... .. .................. 
Er1e ............ ." ..................... · · · .... ·- · . 29 5, 707 415,000 .................. ............... .. .................... 
Delaware, Lackawanna & 'Vestern ............... . 31 6,200 481,000 . 58 3,200 620,000 
Lehigh Valley .................................. . 50 5,093 635,000 

~ 
3,480 660,000 

Central of New J crsey ............................ . 50 4,400 550,000 3,000 570,000 
Penn~lvania .................................... . 38 22,545 2,140,000 14,024 2,850,000 
Phil a el phia & Reading .......................... . 49. 10,900 1,330,000 7,763 1,760,000 
Baltimore & Ohio ............... ·.· ................ . 42 3,380 355,000 ............... 1 ................... 

......... , 92,838 9,272,000 42,596 I 8,465,000 

Average wage saving per thousand ton-miles, 10 cents; per switcher-mile, 20 cents. 

CONSTRUCTION COSTS. 

Form D gives the cost of electric equipment necessary to make the savmgs shown on 
Form C. 

Form D. 

Cost of catenary system and electric equipment, M. & N. system, R. division. 

Miles. Cost. 

(1) Catenary system: 

!
a) Single track ... ~ ....... :........................................ 175 $2,013,000 
b) Double track.. . . . . .. .. .. . .. . .. . .. .. .. .. .. . . .. . . . .. . . . .. .. . . . . . . 68 ·1, 700, 000 

~) ~~~;~;~~k~-- ·. ·.·.·_·_ ·. ·. ~: ~: ~ : : : : :: : ~ ~ ~: : ~:: :.: : : : : : : : : : ::::: : : :: :: ~ ~ ~ 4~ 1, ~~~: ggg 
(e) Yards and sidings. . . .. .. .. . .. .. .. . . . .. .. . . . . . .. .. . . .. .. . . . . . . . . 221 l, 658,000 

(2) Total ............................................................................... $7,287,000 
Capacity. 

(3) Substations ................................................. kilowatts.. 82,100 . .. . .. .. .. . 4, 926,000 
(4) Locomotives: · ·· Number. 

1~? E:~~.-.-·.-·_.-_.-_.-_::: :_:_:_:_:::::::::::::::::::::::::::::::::::::::::: i~ H~H88 
(5) Total. ........... ·............................................. 139 ........... 10, 673, OQO 

~
6l Sum of specified items ................................................ · ................ 22,886,000 
7 Allowance for unspecified items, 10 per cent pf (6)............. . . .. .. .. . . .. . . . . . . . . . .. . . . .. .. . .. .. · 2, 288, 600 
8 Overhead, 20 per cent of (6) ................................................................... : 4, 577,200 

(9) Total gross cost ...................................................................... 29,751,800 
Total tonnage. 

(10) Credit for released steam locomotives .......... : ............... ,......... 30, 300 ........... a 6, 060, 000 
(11) Net cost.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 691, 800 

a Present value. 
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COST OF CATENARY SYSTEM. 

The estimates of cost of the overhead structure assume the use of cross-catenary construc
tion, with guyed tubular steel poles, main and secondary steel-strand messengers, two 4/0 
copper contact wires, concrete foundatipns for all. poles, and high-strength steel strand. Rails 
to be single-bonded with 300,000 circular mil bond; a 4/0 copper ground wire to be carried on 
the pole top. Poles all to carry tops and two cross arms, each with two pins. 

The estimates of cost for this structure, based on prices in 1919, are derived from detailed 
estimates submitted by the General Electric Co., the Westinghouse Electric & Manufacturing 
Co., and the Ohio Brass Co. These estimates were for single, two, three, and four track line; 
for tangent, 2°, 4°, 6°, and 8° curvature; for yard track; and for branch lines. The estimates 
of the Ohio Brass Co. in particular give the quantities and prices of all items in complete detail. 

These estimates have been carefully analyzed and checked up by comparison with the 
estimates of the Chicago Smoke Abatement Commission's report; they; have also been submitted 
for criticism to engineers particularly versed in work of this class. 

The estimates show good general agreement. Those of the Westinghouse Co. were slightly 
lower than those of the General Electric Co.; those of the Ohio Brass Co. were the highest. 
The costs given in the Chicago report, extended to the prices in 1919, are about the same as 
those of the General Electric Co. 

The final costs determined for the 3,000-volt syste~ are given in Table· 20, which includes 
all costs of labor and material for the circuit outside of the substation for an average assumed 
alinement. The cost of the feeders is shown separately, the figures being tak~n from Table 
24 below. Table 21 gives unit prices and quantities. 

TABLE 20.-Estimated cost of cross-catenary construction, with guyed steel poles, for 3,000-volt direct-current system. 

Per mile of ro~d. 

Size of feeder I 
Cost. 

(circular mils). Catenary 
structure. Feeder. Total. 

Number of tracks. 

One .................................................................. . 500,000 $9,300 $2,200 $11,500 
Two ................................................................. . 1,000,000 20,900 4,100 25,000 
Three ................................................................ . 1,250,000 27,000 5,300 32,300 

1,500,000 32,500 6,200 38,700 
1,500,000 38,000 6,200 44,200 

Four ................................................................. . 
Five ................................................................ . 

Per track mile. 

Yard tracks ............. ' .............................................. -I· .......... ·I $7,500 I· ....... -I. $7,500 

6 

TABLE 21.-Quantities and unit prices for double-track 3,000-volt direct-current cross-catenary tangent, 300-foot span. 

Per mile ofline. 

Item. Unit prices. 
Quantity. Cost. 

Steel poles, guys, etc ................................. 7 cents per pound ....... 30 tons................. $4,200 
Concrete ............................................. $20 per yard ............. 130 yards............... 2, 600 
Excavation.......................................... $2 per yard.............. 500 yards............... 1, 000 
Contact wires ...................... ·. . . . . . . . . . . . . . . . . . . 23 cents per pound. . . . . 13, 500 pounds.......... . 3. 110 
Cross span, complete .................................. $71 per span ............. 17.6 sp~::.1s.............. 1; 250 
Messenger span, complete ............................ $55 per span ........... 35.2 spans............. 1, 940 
Work train, crew expenses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 
Labor for erection ( exce-vt bond). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 400 
Bonds, labor and materHt)............................................................................ 1, 400 
Steel strand, i-inch..... . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 8 cents per foot ......................................... . 
Steel strand, }-inch ......................... , . . . . . . . . 3 cents per foot .... ~ .................................... . 
Labor: 

Foremen ........................................ $8.00 per day.· .......................................... . 
Linemen................. . . . . . . . . . . . . . . . . . . . . . . . . $6.00 per day ........................................... . 
Helpers ......................................... $4.50 per day ............................ : .............. . 
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The figures given in these tables are-probably high, for when construction of this magni
tude is undertaken all materials will be furnished at wholesale prices and the work will be 
systematized as a· large-scale job. Moreover, there is no doubt that a simpler design can be 
made, which will save weight and. cost through the use of higher-grade materials for certain 
parts of the structure. · 

COST OF SUBSTATIONS. 

It being impracticable to lay out load curves for the several operating divisions, the sub
station capacity necessary (see item 3, Form D) has been based on an analysis of existing in
stallations. The "capacity factor "-that is, the ratio of average annual output to total equip
ment capacity in present railroad substations-is used as the basis for determining the capa
city of the proposed railroad substations within the zone. 

Table 22, compiled from data of nearly all the electrified heavy-traction roads, shows that 
for a total use of 486,000,000 kilowatt-hours per year on eight roads there is a total substation 
capacity of 248,500 kilowatts, giving a ratio of .average load to rated capacity of 22 per cent. 
For all the roads except the Long Island this ratio is singularly uniform, being within the 
limits of 21 to 26 per cen.t. 

TABLE 22.-Average energy output of heavy-traction substations per kilowatt of capacity. 

System. 

Output Total Kilowatt-
(millions sub- hours per 

of station kilowatt 
kilowatt- capacity of 
hours). (kilowatts). capacity . 

. New York Central .................................................................. . 97 45,000 2,150 
76 56,000 1,360 
85 40,000 2,130 
24 12,000 . 2,000 
24 12,000 2,000 

66 29,000 2,270 
60 30,500 1,970 
54 24,000 2,250 

~~~~~~!:::::: :.·. ·.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
West Jersey & Seashore ............................................................ . 
Pennsylvania (Philadelphia-Paoli line) ........................................... . 
Chicago, Mil wauke~ & ~t_. :Paul: . 

~~~iu~dy~:~~-~1~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Pennsylvania Terminal. ........ : ............................ ~ . ' ...... ' ............ . 

486 248,500 Av. 1, 960 

Plant capacity factor, 22 per cent. 

Some of these roads have a lower traffic density than those of the superpower zone, par
ticularly than those in the vicinity of the large cities, where yard.service is heavy. To make 
some allowance for this condition a ratio of 25 per cent is taken as applying to the entire zone. 
The total substation capacity for any division is then obtained by dividing the estimated kilo
watt-hours required for the service by 2,200. Pea;k loads will be taken care of. by the overload 
capacity of 50 per cent for two hours and 200 per cent for five minutes. · 

The load factor of the individual substations will range from 15 to 60 per cent; neverthe
less, owing to the variation of traffic throughout the year and the diversity between the various 
substation loads, the capacity should be based on a factor of 25 per cent. 

· ·A consideration of the power required for maximum trains and feeder capacity for the 
3,000-volt direct-current system indicates an average spacing of substations of about 20 miles. 
This distance will vary for the different divisions, but this factor does not influence the esti
mates of cost for the substation, as they are based on a unit price. 

The items that make up the unit price used in the estimate are given in Table 23. This 
price is based on large substations, having from three to ten motor-generator sets of 2,500 
kilowatts or greater. The figures are derived from estimates ·submitted by the General Electric 
Co. and the Westinghouse Co. 

TABLE 23.~Estimated cost per kilowatt of 3,000-volt direct-current substation. 

Motor-generator sets, including exciters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $30 
Transformers (110-k:ilovolt)............................................................... 8 
Switchboards (two 110-k:ilovolt incoming lines) ......................................... '.... 10 
Building................................................................................. 8 
Freight and installation.................................................................. 4 

--oo 
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COST OF 3,000-VOLT DIRECT-CURRENT FEEDERS. 

The size of the direct-current feeders is based on a maxinmm pressure "drop of 20 per cent, 
equal .to 600 volts, for a train requiring 4,800 kilowatts halfway between substations, drawing 
1,000 amperes from each substation. The following assumptions are made: Running rails,·lOO 
pounds, with 300,000 circular mil bonds; resistance per n1ile of track, 0.03 ohm-; two 4/0 
copper trolley wires. 

These data give the basis for the following table, which shows the feeder capacity required 
under average conditions and the cost per mile for the feeders er~cted. 

TABLE 24.-Capacity and cost of feeders. 

~~~;!~kc_~·-· ~: ·. ·.· .·: ~::::::::::::::::::::::::::::::::::::::: ~:::::: ~:: ~ ~ ~:::::::: ~ ~:::::: 
Three-track ............................................................................ . 
Four-track .......... · .......... ~ ................................... ~ .................... . 

COST OF ELECTRIC .LOCOMOTIVES.· 

Capacity Cost per 
(circular mils). mile. 

500.000 
1,ooo;ooo 
1,250,000 
1,500,000 

$2,200 
4, 100 
5,300 
6,200 

Item 4, Form D, gives the number and cost of electric locomotives required. The number 
called for is based on an annual mileage of 40,000 for freight, 75,000 for passenger, and 40,000 
for switcher locomotives. The cost of the, electric locomotives is based on estimates made by 
the General Electric Co. and the Westinghouse Co. for freight, passenger, and switcher service 
in 1919. These estimates are stated in cost per pound for the three classes; they are substan
tially the same for both companies for locomotives of the same kind. The unit costs used are 
40 cents per pound of total weight for freight locomotives and switchers and 4_5 cents for pas
senger locomotives, equivalent to $800 per ton on drivers for freight locomotives and switchers 
and $1,300 per ton on drivers for passenger locomotives.. The total weight on drivers of the 
electric locomotives is the product of their number by the average weight on drivers of the 
steam locomotives on the division . 

. NUMBER OF ELECTRIC LOCOMOTIVES REQUmED. 

The electric service covered by the estimates is the power-equivalent of the present steam 
service in the zone. The year 1919 is taken for comparison, as it is the latest complete calen.dar 
year before the beginning of this investigation. The number of electric locomotives required 
for the service should in the final analysis be determined by a study of train movements on each 
division. This study was impracticable in· the present investigation, and therefore a shorter 
method had to be U:sed. The plan followed was to determine the average number of miles per 
year· per electric locomotive required for freight, passenger, and sw-itcher service: This 
average mileage was determined by comparing the mileage reco!ds of the electric locomotives 
in certain ·operating electric systems in the United States with the mileage records of the steam 
locomotives in the zone .. To show why the electric locomotive-gives the greater mileage, a dis
tribution of locomotive-hours for elec.tric service was deduced from that of the present steam 
service by modifying it to accord with the proved fact of the greater availability of the electric 
locomotive. This procedure fixed the same number of miles per year in each class of service for 
the entire zqne; conditions of unified operation are thus implied. · This leads to some irregu
larities in the propo~tional number of steam and electric locomotives on certain of the smaller 
roads, but the figures are intended as averages, not to apply exactly to each operating divisiou.. 
These smaller roads will represent less than 10 per cent of the traffic. 

The assignment of the same locomotive mileage to the single-track rqads with low traffic 
density as to the divisions having denser traffic is not strictly correct; the great variation in 
annual mileage of the steam locomotives of these divisions reflects the differences in traffic con
ditions. In order to make some allowance for the light-traffic divisions the minllp.um number 
of electric locomotives for each division is fixed at 50 per cent. of the corresponding number of 
steam locomotives, even if the number based on mileage is less than 50 per cent. -
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MILEAGE. 

Table 25 gives the stemn mileage for 1919 of the freight and passenger service on the prin
cipal systems. Table 26 gives the available statistics on a.nnual milea.ge of electric locomotives; 
the a.verage for freight service is approximately 40,000 miles. The oniy extensive system tha.t 
keeps records separa.tely for pa.ssenger service is the New Haven, with a. mileage of 73,000; this 
mileage can be increased with complete electric operation. The New York Centrq,l and the 
Pennsylva.nia Tunnel & Termina.l a.re operating·a short-haul service which gives no opportunity 
to 1nake great mileage. 

TABLE 25.-Average steam-locomotive mileage of principal systems in superpower zone, 1919. 

[Based on total number oflocomotivcs owned.] 

System. 

Ne\V Haven ............................................................................... . 
Ne\V York Central ......................................................................... . 
Delaware & lludson .. ~ ........................................................ : ........... . 
Lehigh.& Hudson River ........................................................ : ........... . 
Erie ......................................................... · ............................. . 
Delaware, Lackawanna & Western ......................................................... . 

~:~~~~1 ~f~ ~~ j ~r~~;;. ·. ~ ~ ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : : : : : : : : : : : : : : : : : : : : : : : : ~ : : : : : : ~ : : : : : : : : : : 

~~E~~~~a~:~~~~~~~~~~~---.--~::: :::::::::::::::::::::::::.::::::::::::::::::::::::::::-::::::: 
Average ................ ·.: .......................................................... . 

TABLE 26.-Average annual mileage of electric locomotives. 

[Based on total number oflocomotives owned.] 

Freight. 

15,200 
17,300 
20,600 
]3,400 
]8,900 
22,800 
14,700 
16,600 
19,900 
21,800 
16,600 
18,000 

System. Freight. Passe~ger. 

New Haven. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33,500 73,000 
New York Central.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34, 500 
Pennsylvania (New York Terminal) .......... :...................................... . . . . . . . . . 39,300 
Norfolk & Western................................................................. 49,000 ........ . 
Butte, Anaconda & Pacific ......... , .............................................. 

1 

43, 500 ........ . 
Chicago, ~1il waukee & S ~- Paul ...................................................................... . 

LOCOMOTIVE-HOURS. 

I 
Passenger. 

30;500 
34,500 
30,500 
24,100 
30,000 
39,000 
30,500 
26,200 
42,500 
33,500 
38,000 
32,700 

All. 

55,000 
34,500 
39,300 
49,000 
43,500 
49,000 

Records of. the distribution of locomotive-hours for a number of the roads. within the 
superpower zone are available, particularly those of'the Penn~ylvania, of which eight operating 
divisions are included within the zone; they reflect the ·entire range of service, from the heaviest 
traffic on theN ew York division to the light traffic of the West Jersey & Seashore and Sunbury 
divisions. The Pennsylvania is taken as an example of the best average operating results. 

The statistics of the operations of the Pennsylvania system for 1919 within the superpower 
zone are given in Table 27, which sets forth the proportion of the time of all serviceable loco
motives and of all assigned locomotives, in accordance with the schedule of tim~ specified by 
the United States Railroad Adn1inistration in its "Operating statistics sheets." Iten1 1 of 
the table includes items 1 and 2 of the operating statistics sheets and represents the total time 
that locomotives are in "hands of crew," including time between termini, time waiting at 
tennini, and tin1e to and fron1 engine house. From 90 to 95 per cent of this is productive 
ti1ne-that is, time between termini. Item 2a represents time required for cleaning fires, 
washing boilers, ash-pit work, inspection, running repairs, etc. Item 2b represents time spent 
in waiting at engine house for call to service after maintenance forces have delivered locomotive 
to transportation forces. All this is wasted tin1e. Item 3 giyes the total time "in the ·engine 
house, the sum of 2a and 2b. Item 4 ("stored hours") represents surplus ·equipment for which 
there is no call. Item 5 shows the total serviceable.hours taken both as 100 per cent and as a 
percentage of total' assigned locomotive hours. The differences between 100 pel'' cent and 71, 
69, and 80 per cent give for the three services respectively the proportion of total time in the 
shops under general rep.airs or awaiting sueh rep~irs. 
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TABLE 27.-Average distribution of locomotive-hours in 1919 on all divisions of the Pennsylvania system 'Within the super
power zone, in per cent. 

- Serviceable locomotive-hours. Total locomotive-hours. 

Item. 
Freight. Passenger. Switcher. Freight. Passenger. Switcher. 

1. Crew-hours ......................................... 47 39 61 33 27 49 
2. Engine house: - · 

(a) Mechanical department ........ ; ............. 31 37 18 22 26 14 
(b) Transportation department .................. 17 22 18 12 15 15 -- -- -- -- -- --

3. Total engine-house time (2a+2b) .................... 48 59 36 34 41 29 
4. Stored hours ..... -........................... -....... 5 2 10~ I 4 1 2 
5. Total serviceable hours .............................. 100 100 71 69 so 

The average utilization of the locomotives in the zone as a whole is not as good as on the 
Pennsylvania. Table 28 gives the ratio of "crew-hours" to total serviceable hours (item 1 of 
Table 27) for eight of the systems within the zone, with the total number of assigned 
locomotives. For the weighted average of all these systems the ratio of crew-hours to total 
serviceable hours is 37, 30, and 50 per cent fo~ freight, passenger, and switcher locomotives, 
respectively, as compared with 47, 39, and 61 per cent for the Pennsylvania. 

TABLE 28.-Average distribution of locomoti·ve-hours of representative railroads within the_ superpower zone, 1919. 

Total 
number of 

Ratio of crew-hours to total 
serviceable hours (per cent). 

System. 
locom~ 1-----~------~-----

Pennsylvania ............................................................ . 
Philadelphia & Reading .................................................. . 
Central of New Jersey .............. ; ................. ~ ..................... . 
Delaware, Lackawanna & Western ..................................... , ... . 
Erie .................................................................... . 
New York CentraL ...................................................... . 

tives. 

1,800 
1,000 

600 
750 

1,450 
3,500 
1,000 

500 

Freight.- Passenger. Switcher. 

47 39 61 
49 34 52 
39 40 54 
39 28 51 
32 25 43 
33 29 53 
27 25 38 
33 24 49 ~~f!~~;; a2~ ~d~~~-- ·.: : ~ ~ ~ ~ ~ ~ ~ ~- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~- ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ : : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

1-------1-------1--------~-------
30 I , Total or weighted average.......................................... 10, 600 

Equivalent number of crew-hours per year ............ :.· ..................... .._ ... : . . 
37 50 

3,250 2,630 4,380 

A direct comparison of time is afforded by the New Haven system. Table 29 sets forth 
the :figurl3s for both steam and electric operation on that-system for:five months of 1919. 

TABLE 29.-Ratio of crew-hours to total serviceable hours under steam and electric operation of the New Haven system, 1919. 

Freight. Passenger. Switcher. 
Month. 

Electric. . Steam. Electric. Steam. Electric.- Steam. 

March................................................ 43 27 45 29 6.7 48 
45 28 68 47 
47 29 81 54 
50 28 81 56 

ApriL................................................. 50 26 
September.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 40 
October ............. .-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 39 

42 27 87 '53 
46 28 77 52 

November ...... .-......... .-........................... ·1 ____ 4_9_1------3_9_1--------I------1-------I-----
A. verage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 34 

Ratio of number of serviceable electric locomotives required to do the same work: 
Freight, 34+54=63 per cent. 
Passenger, 28+46=61 per cent. 
Switcher, 52+77=68 per cent. 

What can be done with motive power in proportion to· the service required is shown in 
Table 30, which gives the distribution of serviceable locomotive-hours on theN orfolk & Western. 
Here the locomotives are in road service 74 per cent of the total time and the crew-hours are 
76 per cent. This is to be compared with 33 per cent as the average for freight service on the 
Pennsylvania and 28 per cent for all the roads in the zone--that is, one electric locomotive in 
the Norfolk & Western freight seryice does as much work as is done in the rest of the zone by 
2.65 steam locomotives. 
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TABLE 30.-Dis_tribution of electric locomotive-hours in freight service on Norfolk & Western Railway, in per cent. 

In road service. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4. 0 
'l'erminal delay in hands of crew. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . 2. 3 
Engine house: 

Inspection and repairs (motive-power deP,artment) ................................. 14. 8 
Waiting (transportation department) .. ."........................................... 8. 9 

23. 7 
Total serviceable hotirs .................................................. -................. ~ 
Recapitulation by departments: 

Transportation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85. 2 
Motive power ............................ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14. 8 
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From Table 27 the figures in Table 31 are deduced, showing the estimated average distribution · 
of locomotive-hours of electric locomotives. In this table the crew-hours for freight service are 
taken at 77 per cent of the corresponding figure for steam service of the Pennsylvania. This 
assumes that on the average an electric locomotive will yield 30 per cent more trailing ton-miles 
per crew-hour than the average steam locomotive-an assumption based on data of operation 
of several electl'ic roads. This result is attained partly by higher speed. and heavier trains, or 
both; in minor part by the elimination of the loaded tender and nondriver weight of the steam 
locomotives; and largely by standardization of locqmotive types and pooling .of locomotives. 

In passenger service the electric crew-hour is taken as 11 per cent more productive than 
the steam; this result will be attained in great measure by the widespread use of ~ultiple-unit 
cars for the short runs in the extensive suburban service of the zone and by better-sustained 
average speed for other passenger trains. The average speed of passenger trains on the Penn
sylvania system is only 17.5 miles per crew-hour; a miiform increase of 11 per cent would mean 
an average of less than 20 miles per hour, a speed that is now exceeded by a number of steam 
divisions. For switcher service the electric crew-hour is ·taken at 1.50 times as productive as 
the steam. The service on the New Haven line and the General Electric Co.'s tests at· Erie 
and $chenectady give higher ratios. 

Item 2a, Table 31, showing time in engiile house for repairs, etc., is taken at about one
third of the steam time. Vor item 2b, time awaiting call, the ratio to crew-hours is taken at 
approximately the same as in steam service. This estimate is moderate or perhaps l'ow, for 
with half as many locomotives in service the waits must necessarily be shorter, and :moreover 
the use of classes of uniform locomotives will save much of this delay. The ratio of serviceable 
to total electric locomotive-hours i~ pretty well established at about 90 per cent. With these 

p assumptions, all of which tend to minimize the savings of unified electric opera~ion, the Penn
sylvania system could be operated electrically in 61, 66, and 54 per cent of the serviceable 
hours, or 48.5, 51, and 48 per cent of the total hours now required for the steam operation of 
the freight, passenger', and switcher services, respectively. 

TABLE 31.-Estimated distribut1:on of electric locomotive-hours, in percentages of time required for stearn operation of the 
· Pennsylvania system. 

Item. 

Crew-hours ............................................. 
Engine house: 

a. Mechanical department .......................... 
b. Transportation ........... · ........................ 

Total engine house (2a+2b) ...................... 
Stored ................................................ 

Total serviceable hours .......................... 
Ratio of serviceable to total hours ....................... 
Total hours of assigned locomotives ...................... 

Relative number of electric locomotives required: 
Freight, 68+141=48.5 per cent. 
Passenger, 74+144=51.0 per cent. 
Switcher, 67+125=53.5 per cent . .,. 

Freight. 

Steam. I Electric. 

47 36 

31 10' 
17 13 

- -
48 23 
5 2 

100 61 
7l 90 

141 68 

Passenger. Switcher. 

Steam. Electric. Steam. Electric. 

39 35 61 41 

37 12 18 6 
22 18 18. 12 

- - - -
59 30 36 18 
2 1 3 1 

100 66 100 60 
69 90 80 90 

144 74 125 67 
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Table 32, taken from Table 31, su1ns up the estimated schedule for electricoperation. The 
crew-hours amount to 59, 53, and 76 per .cent of the serviceable hours. These figures are low, 
in the opinion of several electric operating men, who claim that ·crew-hours should be taken 
at 70 per cent of total hours, equivalent to 78 per cent of serviceable hours. · 

TABLE 32.-Distribution of electric locomotive hours. 

Item. Freight. Passenger. Switcher. 

Crew-hours ...................................................... "'· ................. . 59 53 76 

17 18 11 
21 27 11 

Engine house: . . · 
(a) Mechanical department ..................................................... . 
(b) Transportation department ................................................. . 

Total engine house ........................................................... . 38 45 22 
Stored ..................................................................... : ..... . 3 2 2 

Total serviceable hours ............. : ......................................... . 100 100 100 

From a direct comparison of the mileage of Tables 25 and 26 and the above analysis of 
locomotive-hours· the annual mileage of electric locomotives is taken at 40,000 for freight 
locomotives, 75,000 for passenger locomotives, and 40,000 for switchers. 

TOTAL COST. 

Item 5 of Form D, the sum of items 2, 3, and 4, gives the total estimated cost of the specified 
items and accounts for 90 to 95 per cent of the total cost of the wo.rk. Table 33; giving the 
itemized costs of the Chicago terminal electrification, shows that the other items amount to 
less than 8 per cent. These unspecified items are principally changes in signal system, provi
sion against electrolysis, and certain minor items. Item 7 of Form D is an allowance of 10 
per cent for these unspecified costs. 

·TABLE 33.-Cost of items of construction and equipment involved in the electrification of Chicago terminals, exclusive of 
. . power station and transmission system. · . · 

Item. 
2,400-vo t direct-current. rent. 1 

1

11,000-volt altcrnating-cur-

Total. Per cent. 

Substations...................................................... $5, 660, 000 4. 0 
Switching stations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 522; 000 1.1 
Overhead contact system......................................... 33,895, 000 23.8 
Bridge warnings ..................................... ~ . . . . . . . . . . . . 1, 072, 000 ........ . 
Return circuit .............................................. ~.... 6, 070, OOQ 4. 3 
Prevention of inductive effects and electrolysis ......................................... . 
Telephone system ................................................ ·. 272, 000 ........ . 
Electric locomotives, multiple-unit equipment, work and· inspection 

equipment .. · .. : ............................................... . 
Spare pa~ts ..................................................... . 
Changes m overhead structures .................. ~ ............... . 
Changes in wire lines ................................... · .......... . 
Changes in signal system ............... · ..... · ..................... . 

Summary: . 

84,004,000 
503,000 
834,000 

2,028,000 
6,694,000 

142,554,000 

Specified items .......................................................... . 
Unspecified items ......................................... _..· ............. . 

59.0 

100.0 

92.2 
7.8 

100.0 

Total. Percent. l 

$2,025,000 1.5 
573,000 .4 

28,142,000 20.3 
1,072,000 .................... 
4,446,000 3.2 

997,000 ................. 
272,000 ............... 

91,704,000 66.0 
485,000 ............... 
834.000 ................ 

2,o28;ooo .................. 
6,111,000 .................. 

138,689,000 100.0 

........................ 91.4 

.......................... 8.6 

........................ 100.0 
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ENGINEERING, CONTINGENCIES, AND INTEREST. 

Item 8 of Form D covers overhead allowance of 20 per cent for engineering, contingencies, 
and interest. This construction will be essentially work of duplication; the units will be 
identical both for substation equipment and for locomotives. The estirP.ate assumes not 
spQcial production but quantity production, which will. reduce the percentage required for 
engineering and for contingencies. Similarly, the allowance for interest should not be as 
great as for construction work undertaken by a single company, as the work would be done 
on the general credit of the combined railroad systems; money will be obtained as needed," 
and the construction period, during which interest must be carried, will be minimize~; in fact, 
much of the cost represents equipment, payments for which can fairly be assumed to be made 
toward the end of the period of construction. 

RELEASED LOCOMOTIVES. 

Item 9 of Form D gives the total gross cost of electrificatiop., which is reduced by ·the 
credit for released s~eam locomotives, given by item 10. This credit is based on the assumptio~ 
nhat all steam locomotives released within the superpowe! zone can be used. Electrification 
will be progressive, and it is a reasonable assumption that locomotives as released from one 
division will be transferred either to another division or to another road. The amount of 
the credit is determined by S:ss~ming that the average condition of the locomotives is 50 per 
cent new, probably an underestimate in view of the fact that much of the equipment has been 
bought within the last ten years. The value of a new locomotive· in 1919 is ·taken at 18 cents 
per pound of total weight, and the salvage value at 2 cents per pound. The~e figures are based 
on the elaborate estimates of the equipment committee of the President's Conference Com
mittee of Steam Railroad Companies, whose reports embody the. fullest examination yet made 
of the value a:t:!d cost of stea~· locomotives and of their reproduction cost. From these 
assumptions is obtained ·a net value of 10 cents per pound of total weight as the amount to be 
credited. The ;average ratio of total weight 'to weight on drivers is found to be 1.5 for freight, 
passenger, and switcher locomotives, in the proportions ·that now prevail in the zone; this 
fixes the value per pound on drivers of the released steam locomotives at 15 cents. . 

Deduction of item 10 gives t:P,e net cost of electrification; the percentage that the saving 
from electric operation bears' to -this total cost determines whether any division is susceptible 
of economical electrificatiOn. · · · · · 

. CONCI .. USIONS. · 

The study described above has been mad~ for all the class 1 railroad systems within the 
superpower zone except the illster & Delaware, the New .York, Ontario & Western, and the 
Western Maryland.· The first two were omitted, after a· preliminary examination, because their 
traffic was too light to warrant electrification. The Western Maryland ~as omitted because 
only a small part of its trackage is within the zone; the preliminary examination, however, 
indicates that the Western Maryland traffic would justify electrification. There remained, 
then, 13 railroad systems 1 in the zone that were studied in accordance with Forms C and D 
(pp. 59, 67). In this study it was not possible to adhere stric~ly to the limits of every operating 
division reported by the railroads, and some divisions were ther.efore consolidated into routes. 
Th~ number of divisions or routes ranged from one .on the Bo~ton & Maine to nine on the 
Pennsylvania and aggregated 40 for the 13 roads. · 

The results of the study are given in figures 14. and 15.,. which show for each of the 40 divisions 
the annual saving, .in percentage of the net cost of electrification, plotted against the energy 
required, in kilowatt-hours per year, together with the accumulated average percentage of saving 
for the divisions as grouped. Figure 14 shows the saving exclusive of the saving in crew wages, 
and the divisions are arranged in the order of percentages. With these results as the criterion 
of economical electrification the "selected divisions'' are assumed to be all that show a saving 

l The Boston & Albany was included with the New York Central, and the Long Island with the Pennsylvania. 
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of 9 per cent or more. The group of divisions thus selected shows an average saving of 11.4 
percent. It includes 30 of the 40 divisions examined, comprised in 11 of the 13 systems shown· 
in Plate VI. Figure 15 shows the saving including the wage saving for the 40 divisions 
arranged in the same order as in figure 14. For the "selected divisions" these savings range 
from 10.6 to 19. per cent and average 14.2 per cent. The total energy required annually for 
these 30 divisions will be 4,400 million kilowatt-hours, and the maximum demand approxi-
mately 850,000 kilowatts. , 
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FIGURE 14.-Saving effected by elect~ification of heav.y-tract;ion railroads, in percentage of construction cost, not including saving in wages. Each 
column represents a railroad division or route. 1; New York and New Jersey division, Erie; 2, Northern division, Erie; 3, Greenwood Lake 
division,Erie;4,Je1ferson division, Erie; 5, Schuylkill division, Pennsylvania; 6, Springfield division, N.Y., N.H. & H.; 7, Maybrook division, 
N.Y., N.H. & H.: 8, Philadelphia division, P. & R.; 9, New York, Susquehanna, and Western division, Erie; 10, Cumberland Valley division, 
Pennsylvania; 111 Atlantic City division, P. & ·R. ;-12, Wilmington and Colu:inbia division, P. · & R.; 13, Sunbury division, Pennsylvania; 14, 
New Jersey and Seashore division, fennsyJv,a~ia; 15, ~ehigh &. ~udson River R. R. Other divisions are indicated on the diagram. 

The low percentage. of saving shown by the divisions not included in the selected group, 
except those of ·the New York Central, is due ·-to light traffic. On the New· York Central "the 
train cost of transportation, the cost -of maintaining steam locomotives, and the cost of coal per 
mile are lower than on any other system,owing in part to the fact that this is a water-level toad 
with a large amount of through traffic; these are favorable conditions for economical steam 
operation and therefore afford less opportunity for saving by electrification.· 

The importance of the 30 selected divisions as compared with all the divisions of class 1 
railroads within the zone is shown in Table 34. 
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TAm,E 34.-Datajor all divisions and.selected divisions of class 1 railroads in the superpower zone. 

Selected divisions. 

All divisions. 
Quantity. Percent. 

~~~ ~~ i},i(_-:_:::; ::":":":":":":":":":":":":":" :· :· :·: :· :" :· ~ :" ~ :· :· :· ~ :·:· :· :· :·:· :·:·:·:·:·:·:·:·:·~~~~ ~ 
Ji'reight service ......................................... millions of ton-miles .. 
Passenger service .................................... thousands of trajn-miles .. 
Switcher service ............................... thousands of locomotive-miles .. 
All locomotives ........................................... thousands of miles .. 
Coal used on locomotives ............................................... tons .. 
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FiounE 15.-Saving effected by electrification of heavy-traction railroads, in percentage of construction cost, ln~luding saving in wages. Each 
column represents a railroad division or route. For explanation of numbers see figure 14. 

Table 35 summarizes for the 11 systems that include the 30 selected divisions the net 
estimated cost of construction and electric equipment a:nd the net savings from operation;both 
Including and. excluding saving in wages. The net cost of electrification of all the selected 
divisions is $570,000,000, and the annual net saving in operation, including the saving in wages, 
is $81,000,000, equal to an average of 14.2 per cent for the entire group, ranging from 10.6 per 
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cent for the New York, Susquehanna, and Western division of the Erie to 19 per cent for the 
New Haven-Boston route of the New Haven. 

TABLE 35.-Summary of electric operation on select£d divisions. 

Net reduction in annual cost of operation. 

Net cost of 
construction. 

Including crew wages. Excluding crew wages. 
System and division. 

Amount. 

Boston & Maine ............................. ~ ......... $28,862,500 $4,431,200 
Boston & Albany: -

Boston.......................................... 18,237,700 2, 071, 200 

Percentage 
of cost of 
construc

tion. 

15.35 

11.36 

Amount. 

$3,411,200 

1,672,700 

Percentage 
of cost of 
construc

tion. 

11.82 

9.17 
1=========1=========1=======1========1======== 

New York, New Haven & Hartford and Central New 
England: 

Boston .............. ~ .......................... . 
.Springfield ...................................... . 
Maybrook .................... : .................. . 

Delaware & Hudson: 
Susquehanna ................................... . 
Pennsylvania .................................... . 

20,300,500 
5,279,300 

10,812,100 

3,852,500 
700,000 

1,465,200 

36,391,900 6,017,700 

1'7,885,700 
12,719,900 

2,223,300 
1,600,500 

18.98 
13.26 
13.55 

3,235,000 
627,000 

1,165,200 

16.54 5,027,200 

12.43 
12.58 

1,742,700 
1,287,500 

15.93 
11.88 

·10.78 

13.81 

9.75 
10.10 

----------·l----------1--------l----------------
30,605,600 3,823,800 12.49 3,030,200 9.90 

Erie: 
·New York (main) .......................... ·....... 19, 597, 100 3, 655, 600 18.65 3, 119, 100 15.92 
Greenwood Lake.................................. 3, 268,600 466,060 14.26 459,800 14.07 
Northern ......................................... 1,891,000 285,000 15.07 284,000 15.02 
·NewYorkandNewJersey........................ 1,856,400 304,675 16."42 303,800 16.37 
Delaware and Wyoming ...... .". . . . . . . . . . . . . . . . . . . 16, 295, 700 1, 926, 200 11. 82 1, 582, 500 9. 72 
Jefferson ...................... ~----··············· 2,987,900 441,300 14.77 400,400 13.40 
New York, Susque~anna, and Western.~---···-.---- 7,372,300 784,900 10.65 682,200 9.25 

l----------l----------l-~----l------~--l:-------
. 53, 269, 000 7, 863, 735 

Delaware, Lackawanna & Western...... . . . . . . . . . . . . . . . . 50, 780, 700 
Lehigh Valley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45,~884, 800 

6,654,500 
6,310,700 
4,711,300 

14.76 6,831,800 

13.10 
13.75 
14.72 

5,394,500 
5,105,200 
3,651,300 

12.82 

10.62 
11.13 
11.41 Central of New Jez;sey ........................ ~ ........ : 31, 997, 800 

1~=======1==========1========1===========1======== 
Pennsy 1 vania: 

·New York ......................... · ..... ~ ....... . 
Trenton ......... : .......... ~ .. ~ · ...... : . . · ........ . 

$!~~~:~:::::::::::::::::::::::·:::::::::::: 
Baltimore ....................................... . 

Philadelphia & Reading: 

46, 494, 100. 
14,734,300 
45,597,800 
6,097,500 

23,691,800 
23,673,900 

6,207,300 
1,780,300 
5,562,400 

883,400 
3,201,200 
3,953,300 

160, 289,_ 400 21, 587, 900 

13.35 
12.08 
12.20 
14.49 
13.51 
16.70 

4,677,700 
1,425,300 
4,074,000 

790,300. 
2,627,100 
3,.364, 900 

13.47 16,959,300 

10.06 
9.67 
8.93 

12.96 
11.09 
14.21 

10.58 

New York .................... ~ ..... · ........... _._ 16,913,100 2, 407,500 14.23 2, 118,800 12.53 
Philadelphia .. · .................... ·................ 7, 682, 000. 1, 299, 800 16. 92 814. 800. 10. 61 
,Reading. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 540, 200 3, 640, 100 12. 32 2, 756, 100 9. 33 
Shamokin.: .. ·.~.: ............................... 15,-981,900 2,734,700 17.11 2,322,700 14.53 
Harrisburg.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 151, 500 2, 194, 400 14.48 1, 690, 400 11. 16 

l----------l----------l-------l----------l-------

Baltimore & Ohio: 
Philadelphia .................................... . 
Baltimore .............. ~ ........................ . 

85,268,700 12,276,500 

18,821,100 
9,675,800 

3,579,000 
1,553,400 

28, 496, 900 5, 132, 400 

Grand totaL: ............... · ... : . .. ~- •..• : . ! . • • • 570, 085, 000. · 80, 880, 935 

14.40 9,702,800 

19.01 
16.05 

2,979,700 
1,299,400 

18.01 4,279,100 

14.19 65, 065, 300 

11.38 

13.43 
15.83 

15.02 

11!41 
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The data of roadbed, equipment', and operation, both for steam 'and for electricity, of the 
selected divisions are summarized in Tables 36 to 42. 

TABLE 36.-Track mileage of selected divisions. 

System. Road. Main. Yard. Total. 

Boston & Maine ...................... ~ ................................. . 278 504: 295 799 
201 368 228 596 
329 720 495 1,215 

Boston & Albany ............................................. · .......... . 
New York, New Haven & Hartford ...................................... . 
Delaware & Hudson ...................................................... . 377 666 337' 1,003 
Erie .................................................................... . 715 1,146 725 1,871 
Delaware, J_,ackawanna & Western ....................................... . 551 1,030 682 1, 712 

544 985 751 1,736 
315 597 658 1,255 

1,503 2, 733 2,107 4,840 
1,231 1,927 1,246 3,173 

351 620 307 927 

~Ei!.~~~~?.j~~~: :-:-::::::::::::::::::::::::::::::::::::::::::::::::: 
Philadelphia & Reading ................................................ . 
Baltimore & Ohio .................................................. · ..... . 

6,395 11,296 7,831 19,127 

TABLE 37.-Data of steam operation on selected divisions. 

Total. Per mile of road. 

System. Traffic 
·coal 

Traffic (locomotive-miles). 

LocO: (thousands Loco-
motives. of loco- (thousands motives. motive- of tons). Freight. Passenger. Sum. Total. a miles). 

Boston & Maine .... · ................ 363 9,250 630 l. 31 16,730 5, 750 22,480 33,270 
Boston & Albany ................... 192 5,550 365' . 95 7,110 13,830 20,945 27,610 
New York, New Haven & Hartford ... 456 11,295 825 1.39 12,770 13,900 26,680 34,340 
Delaware & Hudson ................. 314 6,940 765 . 83 12,900 2,470 15,380 18,410 
Erie .. -- ···-·····t.···--····· · ····-- 568 11,346 1,093 . 79 6,140 6,510 12,650 15,870 
Delaware,J.,ackawanna& Western ... 570 13,900 1,400 l. 03 11,250 8,170 19,420 25,230 
J,ehigh Valley ...................... 619 10,550 1,103 1.14 8,470 4,520 13,000 19,390 
Central of New Jersey .............. 535 10,000 860 l. 70. 12,700 9,520 22,220 31,750 
Pennsylvania ...................... 1,655 48,039 3,433 1.10 ·3, 360 14,750 23,110 31,960 
Philadelphia & Reading ............ 960 22,·353 2,200 . 78 7,380 4,270 12,460 18,160 
Baltimore & Ohio ................... .. 310 8,122 640 . 88 7,170 8,620 15,800 23,140 

'rotal or weigh ted average ..... 6,542 156,345 13,3131 l. 023 9, 150 8,590 . 17,740 24,450 

Per mile of road. Per mile of all.track. 

Road loco- Switcher 
Gross motive- loco-

System. freight Total miles per motive-
traffic miles per Coal traffic Loco- (loco- Coal mile of mile of (tons). (thousands motives. motive- (tons). main track. yard track. of ton- miles).a miles). 

Boston & Maine .................... .' ......... ·2,266 15,100 0.455 11, 580· 789 12,400 10,170 
Boston & Albany .............................. 1,816 6,490 . 322 9,310 612 11,430 5,.880 
New York, New Haven & Hartford ............ 2,507 14,800 . 375 9,300 679 12,190 5,090 
Delaware & Hudson ......................... 2,030 15,000 . 313 6, 920 762 8, 710 3,390 
Erie ........................................ 1,530 8,000 . 303 6,060 584 7,890 3,180 
Delaware, Lackawanna & Western ............. 2,540 11,300 . 332 8,120 818 10,400 4,690 
J_,ehigh Valley .............................. 2,030 9,400 . 356 6,080 635 7,180 4,630 
Central of New Jersey ........................ 2,730 14,600 . 426 7,970 685 11, 720 4,560 
Penn1clvania ................................ 2,284 13,090 . 342 9, 920 709 10,430 6,310 
Phila elphia & Reading ...................... 1,790 9,500 . 302 7,050 693 7,960 5,630 
Baltimore & O~io: .......................... 1,820 9,600 . 334 8, 760 691 8,940 8,390 

Total or weighted average ............... 2,082 11,320 . 342 8,170 1 696 10,040 5,480 

a IncludP.s switcher locomotive-miles. 

63361°-21-6 
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TABLE 38.-Data of electric operation on selected divisions . . 

Total. Per mile of road. Per mile of all track. 

Substations. Substations. Substations. 
"' 
System. 

Number Energy Number Energy Number Energy 
of loco- Capacity required of loco'- required 

ofloc~ required 
motives. (thousands annually motives. Capacity . annually motives. Capacity ·annually 

of (millions (kilowatts). (thousands (kilowatts). (thousands 
kilowatts). of of of 

kilowatt- kilowatt- kilowatt-
~ hours). hours). hours). 

Boston & Maine ........... 212 102 224 0.763 367 806 0.265 128. 280 
Boston & Albany .......... 
New York, New Haven & 

107 59 129 . 532 294 642 .180. 99 216 

Hartford ................. 233 120 297 .708 366 903 .192 99 245 
Delaware & Hudson ....... 163 125 276 . 432 333 731 .163 125 275 
Erie ....................... 313 156 340 .438 218 475 .167 8~ '182 
Delaware, Lackawanna & 

Western ................. 295 197 433 .535 358 785 .172 115 253 
Lehigh Valley ............. 236 168 367 .434 - 307 674 .136 96 211 
Central of New Jersey ..... 215 130 289 . 683 414 917 .171 104 230 
Pennsylvania ............. 959 561 1,232 . 638 373 820 .198 116 255 
Philadelphia & 'Reading ... 488 289 635 . 396 235 516 .153 91 200 
Baltimore & Ohio .......... 172 91 201 .490 260 571 .186 99 216 

Total or weighted 
average .......... 3,393 1,998 4,423 .531 312 692 .177 104.4 231 

TABLE 39.-Coal saved by electric operation on sele_cted divisibni. 

Quantity (thousands of tons). Percentage of steam locomotive coal. 

System. 
Freight. Passenger. Switcher. All. Freight. Passenger. Switcher. All . 

.. 

Boston & Maine ...... ~ ............. 253 48 105 406 63.3 60.0 70.0 64.4 
Boston & Albany ................... 93 105 38 236 60.8 65.5 73.7 . 64.7 
New York, New Haven & Hartford .. '247 176 105 528 61.3 62.8 73.6 64.0 
Delaware & Hudson ................. 382 43 64 489 61.4 70.0 78.9 64.0 
Erie .............. ~ ................. 363 258 133 754 62.9 72.4 82.7 63.9 
Delaware, Lackawanna & Western .. : 590 225 152 967 '65.6 75.0 76.0 69.1 
Lehigh Valley ...................... 422 126 188 736 62.4 67.5 78.3 66.7 
Central of New Jersey.· ............... 276 140 155 571 60.0 70.0 77.5 66.4 
Pennsylvania ........................ 887 804 509 2,200 60.0 64.5 71.8 64.1 
Philadelphia & Reading ............ 1,035 264 265 1,564 71.6 67.9 72.7 71.1 
Baltimore & Ohio ................... 211 128 101 440 67.6 67.8 72.4 68.7 

Perc·~J~;:~ -~r- ~~~~~-t~-~ ~~e_r~~~-- _·_·~:I 4,758 2,317 1,815 8,890 64.1 I 67.2 
.... 7~~4·1·· .. 6~~~ 54 26 20 100 ........................... 

I 

TABLE 40.-Energy required for electric operation on selected divisions, in thousands of kilowatt-hours. 

SysteJP. Freight. Passenger. Switcher. All. 

147,000 32,000 
60,000 55,600 

155,500 103,800 
240,000 18,600 
213,400 98,600 
310,000 75~ 000 
254,000 60,600 
184,000 60,000 
590,200 443,200 
410,900 125, wo 
101,400 60,500 

Boston & Maine .............................................. . 
Boston & Albany ............................................. . 
New York, New Haven & Hartford ........................... ~ 
Delaware & Hudson .................................... ; .... . 
Erie ............................. ~ .......................... . 

·Delaware, Lackawanna & Western ............................. . 
Lehigh Valley .............................................. . 
Central of New Jersey ........................................ . 
Pennsylvania ................................................. . 
Philadelphia & Reading ...................................... . 
Baltimore & Ohio ........................................... . 

45,000 224,000 
13,400 129,000 
37,800 ' 297,100 
17, 100 275, 700 
27,800 339,800 
48,·ooo 433,000 
52,200 366,800 
45,000 289,000 

199,600 1,233,000 
99,300 635,300 
38, 700 200,600 

2,666,400 1,133,000 
60.30 25.'60 Percentage .................................................. . 

623,900 4,423,300 
14. 10 100.00 
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TABrLE 41.-Cost of electric trackfaeilities and equipment of selected divisions, in thousands of dollars. 

Mileage. Specified items. 

System. Track Sub- Loco-Road. All track. distribution Sum. 
system. stations. motives. 

I 

Boston & Maine ........................................ 278 799 8,397 6, 120 14,208 28, 725 
Boston & Albany ....................................... 201 596 5,917 3,540 7,972 17,429 
New York, New Haven & Hartford ...................... 329 1,215 12,352 7,218 16, 233 35,803 
Delaware & Hudson ................................... 377 1,003 10,451 7,524 12, 737 30,712 
Erie ............................. ~ ........ · .... ········ 715 1,871 19,032 9,360 23,338 51, 730 
Delaware, Lackawanna & Western ....................... 551 I, 712 17, 131 11,820 20,388 49,339 
Lehigh Valley .......................................... 544 1,736 17,002 10,020 20,074 . 47,096 
Central of New Jersey .................................. 315 1,255 11,834 7,824 14,048 33,706 
Penn~lvania .......................................... 1,503 4,840 46,551) 33,612 75,871 156,0.38 
Phila elphia & Heading ................................ I, 231 3,173 31,870 17,340 34,489 83,699 
Baltimore & Ohio ..................................... 351 927 9,695 5,484 12,634 27,813 

Percentage ............................... · ............. 
6,395 19,127 190, 236 119,862 251,992 562,090 

............ ................... 26.0 16.4 34.5 76.~ 

Unspecified Overhead Total gross Credit for 
System. items released steam Net cost. 

(10 per cent). (20 per cent). cost. locomotives. 

Boston & .Maine .................................. 2,872 5,745 37,342 8,480 28,862 
Boston & Albany ................................. 1, 743 3,486 22,658 4,420 18,238 
New York, New Haven & Hartford ................ 3,580 7,161 46,544 10,152 36,392 
Delaware & Hudson ............................... 3,071 6,142 39,925 9,320 30,605 
Erie.~ .......................................... 5, 173 10, 346 67, 249 13, 980 53,269 
Delaware, Lackawanna & Western ................. 4,934 9,868 . 64, 1~:1 13, 360· 50, 781 
Lehigh Valley .................................... 4,710 9,419 61,225 15,340 45,885 
Central of New Jersey .......... :~ ...... : ..... : ... 3, 371 . 6, 741 43,818 11,820 31,998 
Pennsylvania ................ · ......... : ............ 15,604 31,208 202,850 42,560 160,290 
Philadelphia & Reading .......................... 8,370 16, 740 108,809 23,540 85,269 
Baltimore & Ohio,. ................................ 2, 781 5, 563 36, 157 7, 660 28,497 

Percentage ................. , .......... · ............ 
56,209 112,419 730, 718 160,632 570,086 

7. 7 15.4 100.0 22.0 78.0 

TABLB 42.-Comparative_ cost of steam and electric operation on selected divisions, in thousands of dollars. 

Cost of steam Cost of electric operation. Saving by elftCtric operation. 
Net cost 

operation. 

of olectric 
System. construe- .. 

Ratio, to tion and Locomo- Locomo- Distri-
equip- tive tive bution Wage cost of 
ment. Coal. mainte- Energy. mairite- and sub- saving. Total. construe-

nance. nance. stations. tion ()er 
cent. 

Boston & Maine ........... 28,862 3, 780 3,170 2,240 721 578 1,020 4,431 15.4 
Boston & Albany .......... 18,238 2,190 1,601 1,290 426 402 399 2,072 11.4 
New York, New Haven 

& Hartford ............. 36,392 4,949 4,737 2,971 849 838 991 6,019 16.5 
Delaware & Hudson ....... · 30,605 4,208 2,984 2,757 677 727 795 3,826 12.5 
Erie ....................... 53,269 5,467. 6,913 3,398 936 1,216 1,032 7,862 14.8 
Delaware, Lackawanna ~ 

5;004 Western ................. 50,781 7,000 4,330 1,086 1,194 1,260 6,654 13.1 
Lehigh Valley ............. 45,885 5,514 5,170 3,668 869. 1,041 1,205 6,311 13.8 
Central of New Jersey ..... 31,998 4,300 ; 3,800 2,890 735 824 1,060 4, 711 14. 7 
Pennsylvania ............. 160,290 17,162 19,797 12,330 4,125 3,547 4,628 21,585 13. 5· 
Philadelphia & Reading ... 85,269 10,998. 8,976 6,353 1,819 2,099 2,574· 12,277 14.4 
Baltimore & Ohio .......... .28, 497 3,202 4,386 2,006 667 635 853 5,133 ~8.0 

570,086 68, 770 66,5381 44,233 12,910 13,101 15,817 80,881 14.2 

Table 43 gives the comparative data for' steam and electric operation, in accordance with 
Form C, for all the selected divisions within the zone, aggregated into one operating system. 
This table summarizes briefly the entire results of the investigation; it does not include wage 
saving. 
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'TABLE-~43 . ....:_Comparison of steam (md·electric operationjor'all 'seleCtea divisions (combined). 
.. 

I [ Freight. Passenger. Switcher. All services. 

Unit value~ Total. Unit value. Total. Unit value. Total. Unit value. Total. 

Miles of road operated .. ................ 6,395 .. .......... 6,395 ................ ............. . .......... 6,395 
Miles of track ... , ....... .,..,1.,.,..,..,.,..,..; 11,296 ...... · ........ 11,296 ............... 7,831 . ........ 19,127 

Stearn. 

Average number of as-
6,542 signed locomotives ... __ ., ______ 2,927 ........... 1,620 .. ........ 1,995 ......... 

Weight on drivers. tons .. 97 283,171 65 104,655 74 147,058 82 ·534, 884 
Locomotive- miles, 

156,345 ........... thousands .. ................. 58,517 . ........... 54,946 . ........ 42,882 ......... 
Trailing ton- miles, 

. _ ......... millions .. ................. 723,896 .. ............... ................ ........... ................... ......... ............... 
Car-miles ... thousands .. ............... ........................ .. .............. ................. ............. . ..................... .............. .................... 
Coal burned ...... tons .. ............... 7,424,500 ................ 3,450,400 .. .............. 2,438,600 ........... 13,313,500 
Coal per locomotive-

mile ........ pounds .. ................. 254 . .............. 126 . .............. 114 ................ 170 
. 

Electric. 

Kilowatt- hours (thou-
sand-ton-mile basis) 
......... thousands .. 36.8 2,666,400 ................ ................... .. . . .. . . .. . ~ .. .................... ................ .. .................... 

Kil~watt- hours (ioco-
motive-mile basis) 
......... thousands .. 

Equivalent coal, pounds 
45.6 2,666,400 20.6 1,133,000 14.6 623,900 28.3 4,423,300 

and tons ............. 2.0 2,666,400 2.0 1,133,000 2.0 623,900 2.0 4,423,300 
Coal saved, per cent 

and tons ............. 64.1 4,758,100 67. 2 2,317,400 74.4 1,814, 700 66.8 8,890,200 

Unit and total cost. 

Cost of coal and water .... $5. 17 $38,350,800 .............. $17,822,800 ... ............. $12,596,600 $5. 17 $68,770,200 
Cost of electric energy ... .01 26,664,000 ............. 11,330,000 ................. 6,239,000 .............. 44,233,000 

Excess cost of steam .... ............ 11,686,800 .. ........... 
Locomotive mainte-

6,492,800 ................. 6,357,600 ... ............ 24,537,200 

nance, steam a • ...... .49 28,649,500 $0.396 
Locomotive mainte-

21,766,900 $0.376 16,121,200 . 426 66,537,600 

nance, electric a . .... . 0826 4,831,800 .......... 4, 537,.000 .......... 3,540,800 .0826' 12,909,600 
Maintenance of dist.ri-

bution system ........ 600.00 3,545,800 ........... 3,325,900 400.00 3,132,400 . ............. 10,004,100 
Substation operation 

and maintenance ..... · .0007 1,866,600 ............. 793,100 .......... 436,800 .0007 3,096,500 

Totai cost, steam oper-
ation ............ ' .... ............... 67,000,300 ........... 39,589,700 ........... 28,717,800 . ......... 135,307,800 

Total cost, electric op-
eration .............. ................ 36,908,200 .............. 19,986,000 ............ 13,349,000 .............. 70,243,200 

Excess cost, ~team op-
eration ................ 2, 664,·00 30,092,100 1, 735.00 19,603,700 1,963.00 15,368,800 3,402.00 65,064,600 

a Includes engine-house expense. 

Figure 16 shows the growth of traffic, both freight and passenger, of track, and of tractive 
power for the class 1 ra~lroads in the superpower zone from 1900 ·to 1919. The annual rate 
of growth has been 5.3 per cent in passenger-miles, 4.5 per cent in ton-miles, 0.75 per cent in 
all track, and 6.6 per cent in tractive power of locomotives. 

The amount of _money required for electrification is indicated in Table 42 as $570,000,000. 
This figure is based on costs prevailing in 1919, but at present costs (June, 1921) it would be 
reduced by 18 per cent, to approximately $467,000,000, and before this construction can be 
undertaken there will be further material reductions. Probably five years from now the entire 
work outlined could be done for not more than $400,000,000. This is comparatively a moderate 
sum. Gopd railroad authorities have stated repeatedly that more than $1,000,000,000 a year 
is needed by the railroads of the United States for extensions and betterments. The part of. 
this total to be allocated to the superpower zone, as determined by the ·number of locomotives., 
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would be $150,000,000. The amount required for normal extensions and betterments for three 
years would therefore be sufficient to electrify the 30 selected divisions of the railroads in 
this territory, with an annual saving of more than !'4 per cent. T?-e most valuable feature of 
the change, however, is not the amount saved but the great increase in maximum capacity 
of existing trackage and the general advantages of electric operation. 
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FlOUR~<; 1(3.-Growth of steam railroacls in the superpower zone in 190(}-1919. Annual rate of growth compounded, 190(}-1918: Passenger-miles, 
5.3 per cent; ton-miles, 4.5 per cent; all track, 0.75 per cent; tractive power, 6.6 per cent. 

These figures indicate that with a return of normal financial conditions all these lines 
should be electrified before further great expenditures have been incurred to increase in a 
minor degree the capacity of the existing tracks and yards.· Steam operation can not satis
factorily meet the conditions of the crowded terminal herein described as the superpower zone; 
electric operation can easily do it. · 





APPENDIX D. 

INDUSTRY IN THE SUPERPOWER ZONE. 

· · By H. W. BuTLER, H. GooDWIN, JR., and others of the engineering staff. 

CONCLUSIONS. 

A survey of the industrial establishments in the superpower zone in 1919 shows that the 
maximum economical use of purchased power in that year would have saved 13,qQ2,100 tons 
of coal. This estimate assumes a consumption equivalent to 2 pounds of coal per kilowatt
hour at the motor leads in the industrial. establishments.· In order to save this coal, however, 
the industries would have had to purchase 5,623,800,000 kilowatt-hours more than they did. 

The energy developed by prime movers in the industries was equivalent to 9,311,440,000 
kilowatt-hours. The energy purchased from central electric ~tations to supply electric motors 
in the industries was 3,338,800,000 kilowatt-hours. 

INDUSTRIES CONSIDERED. 

"Industries" as used in this report means privately·owned.manufacturing establishments, 
laundries, mines and quarries,. ftnd Government in.stitutions. The establishments considered 
include only those whose annual product has a value greater than .$500. Table 48 gives the 
statistics for 53 industries, which have been arranged in 1:7 major groups adopted by the Bureau 
of the Census, to permit convenient·comparison of the information here given with other in
fortnation gathered by the Census Bureau regarding these indristri~s. 

FUNDAMENTAL INFORMATION RECEIVED 'FROM BUREAU OF THE CENSUS. 

THE TABLES IN GENER.AL. 

The only source of general figures showing power and fuel. used proved to be the Bureau 
of the Census. The census of manufactures covering the calendar year 1919 was in· process 
of compilation, and the Census Bureau arrange~ to coopera'te with the superpower survey by 
supplying advance information in special tabular form for analysis. The titles of the tables 
follow: ·. : · · 

Table ·#.-Mechanical power-suppiy eqtrlpment and fuel used by all industries, by size of plant. 
Table 45.-Mechanical power-supply equipment and fuel used by all industries, by character of power supply. 
Table 46.-Mechanica;l power-supply equipment and fuel used by all industries, by industry subgroups and char-

·acter of power supply. . ,. · 
Table 47.-Mecha:trical pow~r7supply.equipment and fuel used by all industries, by counties and size of plant. 
Table 48.-Summary and analysis of industrial power and fuel, by industry groups. (The summary consists of 

Census data; the analysis was made by the superpower survey.) ; 

The column headings are practic~lly. the same.in all tables. They follow the Census stan-
du,rd headings except as noted. . . 

"Power-supply equipment" .is used instead of .the old Census term "primary power." 
"Prime movers". is used instead of ''owned" power. 
"Operated by purchased energy" is used instead of" rented" power. 
"Aggregate ·horsepower" of "power-supply equipment" (column 6). is the sum .of the 

"total horsepower" of "prime movers" (column. 7) a~d the "total horsepower" "operated 
.by purchased energy" (column 16) .. . . · 

"Total horsrpower" of "prime movers" (column 7) js the sum of columns 9, 11, 13, and 
15. Prime. movers are included whether they are directly con~ected to machinery, such as 

. pumps, air compressors~ or electriQa_l generators, or used to driye shafting. Boiler-room and 
engine-room auxiliaries are not included. 

85 



86 A SUPERPOWER SYSTEM FOR THE. REGION BETWEEN BOSTON AND WASHINGTON. 

"Internal-combustion engines" (columns 12 and 13) include gas, gasoline, and oil engines, 
whether run on special fuel or waste gases. 

"Water wheels" (columns 14 and 15) include hydraulic turbines and an insignificant 
number of small water motors r.un from city water mains. 

"Electric motors" "opera ted by purchased energy" (columns 17 and 18) consist chiefly of 
motors operated. from the circuits of central stations but include also some that are operated 
hy energy purchased from ·isolated plaiits. ., · · · · · . 

"Other horsepower" "operated by purchased energy" (column 19) is chiefly power 
received through belting or shafting from the power plant of some other industrial estab
lishment. 

"Total number"· of "electric motors" (column 20) is the sum of those "operated by 
·purchased 'energy'' (column 17) and those "run by curre~t generated in establish~ent" 
(column 22). Similarly "Total horsepow~r" (column 21) is ·the sum- of columns 18 and 23. 
A comparison of colUmn 21 with column 6 gives an idea of the application of electricity in any 
industry. · · · 

"Fuel used" is expressed in "long tons" (2 ,240 pounds) for anthracite and "short tons~' 
(2,000 pounds) for bituminous coal and coke. Column 26 ("Total equivalent bituminous 
c~al ") is derived from columns 24 and 25 and is presented to permit a comparison of items that 
show various proportions of anthracite and bituminous coal. A careful investigation of the 
quality of coal used by the industries si?.owed that one long ton of anthracite was equivalent, 
on the average, to about nine-tenths of a short 'ton of bituminous coal in producing power. 
The "total equivalent bitum~nous coal" is therefore de~ermined by multiplying the "anthra
cite" tons by 0.9 and adding the resuh to the "bituminous" tons. As comparativelylittle coke 
is used for. producillg power in the superpower zone, this item is not included in the "total 
equivalent bituminous coal." ' 

Statistics on the use of oil and manufactur.ed gas in the indus·tries are also. compiled by the 
Bu~eau of the Census, but the data for 1919 were not ready in time for use. The amount of oil 
used for producing power is very small in comp~rison with the amount of coal used! and a.s the 
oil reserves are scant it must remain small. · 

LIMITATIONS OF STATISTICS. 

It is difficult to show the present complicated conditioiJ..s in industry, with its interrelated 
power and fuel supply; in a few uniform tables. The tota~s given are tindoubtedly very 
accurate, but as the divisions become finer and finer they must be used with increasing care 
and knowledge of the rules used in compilation. For instance: (a.) Many plants, particularly 
the larger ones, that are normally operated by water power have complete steam plants in 
reserve for their operation durin.g periods of low water. Both· fonils of power are reported, 
and in a small group either may apparently show a disproportionately large amount of power. 
(b) Some plants have discontinued regular operation of direct prime movers and purchase 
power from a central station but must also report the old prime movers held- in re~erve. This 
again ,leads to a duplication. (c). Other plants are electrically driven throughout. and purchase 
power part of the time and generate it another part. At some times the central station con
nection is only "reserve," and at other times the prime movers are only "reserve," so tha.t to 
avoid .duplication and to make the total as nearly correct as possible, it is necessary to report 
the motors as" run by current generated in establishment reporting." If the prime movers are 
used only occasionally, the report obviously does not give the central station any credit for 
what it supplies. (d) Still other plants abandoned the use of prime movers near the end of 
1919 and purchased all energy. Thus the statistics show that the motors· were operated by 
purchased energy on December 31, 1919, but that the fuel ~sed during the. year was almost 
enough to operate a steam plant instead of .the small amount that might be needed with pur
chased power.. Th~s condition happened to be particularly true of ice plants, many of which 
changed to central-station· service in .1919. 
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INPVSTR.Y IN l'HE SUPERPOWER ZONE. 87 

THE TABLES IN DETAIL. 

Table 44 shows the total mechanical power-supply equipment and fuel used by all industries 
in the zone, by size of plant. First is shown the fuel used by. establishments reporting "no 
power." On the following lines are given the power and fuel used by est~blishments reporting 
an aggregate ·of 1 to 200 horsepower, 201 to 500 horsepower, and 501 horsepower or more. The 
average size is interesting. The figures for the larger plants i:r:tdicate that 2,732 establishments 
use 6,689,751 h~rsepower-that is, 3.6 per cent of the establishments reporting power are 
larger than 500 horsepower and use 73.8 per cent of the grand total horsepower. 

Table 45 shows the total mechanical power-supply equipment and fuel, by character of power 
supply, with each group subdivided by size of plant. This subdivision is made particularly 
for analysis. Therefore two clear-cut groups have been selected-establishments reporting 
"steam power only" and establishments reporting "purchased electric power only." The 
ratio of fuel used to power is in these establishments obviously simple, and the amount of coal 
used per horsepower has a definite significance. All combinations of steam power with pur
chased power and all other forms of power exhibit more complicated relations and have been 
thrown together under the heading "All other power." The relations in this group may usually 
be analyzed by means. of the factors derived from the previous groups by making proper allow-

' ance for the considerations noted above under "Limitations of statistics." 
Table 46 presents data for each industrial subgroup similar to those presented for all in

dustries in Table 45. The to.tals of each group in Table 46 are carried forward to Table 48. 
Remarks in regard to Table 45 apply to Table 46 with additional force. This table shows 
clearly for each group of industries the character of power supply and the fuel used, from which 
can be determined the relation of fuel used to character of power supply. 

Table 47 gives the mechanical power-supply equipment reported in each county, by size 
of plant, as explained for Table 44.· This table is of interest as showing the distribution of 
plants of various sizes and the extent to which electric power is purchased in different counties. 

Plate VII shows the distribution by counties of isolated-plant power, e~ch dot representirig 
1.0,000 horsepower of steam, oil, or gasoline engines. 
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Aver-
N urn- age size Atgregate 
ber. (horse- orse- · Total 
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. TABLE 44.-Mechanical power-supply equipment and 

!Data from census of 

Power-supply equipment. 

Prime movers. 

Steam engin~. Steam turbines. 

Num- Horse- Num- Horse-
bar. power. ber. powe~. 

8 9 10 11 

Internal-eombus
tion engines. 

Num- Horse-
bar. power. 

12 13 

Water wheels. 

Num- Horse-
bar. power. 

14 15 

~ No power ........... 19,757 .................................................. • ..................................................... . 
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All power: 
1-200 ............ 
201-500 .......... 
501 and above .... 

To.tal p()wer ... 

Grand total .... 

i-
p., 
p., 

~ 
~ 
~ Size of plant 0 
A (horsepower) . 
'0 
~ 

~ 
a· 
.d 
0 

2 3 

No,power ........... . 

Steam power only: 
1-200 ........... ~ 
201-500 ......... . 
501 and above .. . 

Purchased electric 
power only: 

1-200 ............ 
201-500 .......... 
501 and above ... 

All other power: 
1-200 ............ 
201-500 .......... 
501 and above ... 

Total power ... 

Grand total.. .. 

70,654 21 1,485,664 .692,047 11,022 535,505 276 10,135 5,511 73,408 2,333 72,999 
2,841 '315 894,056 569,154 4,618 488,880 174 19,514 294 11,662 627 49,098 
2, 732 2,.450, 6,~89, 751 4,985,801 17,739 3,231,483 1,665 1,141,412 441 193,970 1, 748 418,936 

.76,227 119 9,069,471 6,247,002 33,379 4,255,868 2,115 1,171,061 6,246 279,040 4, 708,541,033 

95,984 ........ ,9,069,471 6,247,002 33,379 4,255,8681 2,115 1,171,061 6,2461 2791040. 4~ 708,541,033 

TABLE 45.-Mechanical power-supply equipment and 

[Data from census of 

Estabpshments. Power-supply equipment. 

Prime movers. 

-: 
Aver-

At~~~~te Internal-eombus-Num- age size Steam engines. Steam turbines. tion engines. Water wheels. 
ber. (horse- Total 

· ·POWe!). power. 
horse-
power. Num- Horse- Num- Horse- Num- Horse- Num- .

1 
Horse-

ber. power. ber. power. ber . power. her. power. 

4 5 6 7 8 9 10 11 12 13 14 15 

19,757 = .· .......... ··········· ········ ··········· ............................................. ~!== 
6,4461 61 395,0291 395,029 7,886 388,054 174 6,975 ••······ ........... ········ ........ . 

949 322 305,909 305,909 2, 380 291,745 118 14,164 .................................... . 
912 2,210 2,017,858 2,017,858 7,357 1,437,942 790 579,916 .......... ········· ····· ... ····· ... . 

8,307 327 2, 718,796 

53,~~~ 13 680,456 
303 206,611 

2,718,796. 17,623 2,117,741 1,082 601,055 ........ ··········· ········ ········· 
=======:====1=======1=====1=======1=====1 

............ ! ........ ··········· ········ ........... ········ ··········· ........ ~ ........ . 
367 1,620 596,240 

55,016 27 1, 483,307 ............................................................................................................................................. 
====I=====\=====:\======== I 

10,240 40 410,179 297,018 3,136 147,451 102 3,160 5,511 73,408 2,333 72,999 
1,211 314 381,536 263,245 2,238 197, 13,') 56 5,350 294 11,662 627 49,098 
1,453 ~ 4,075,653 2,967,943 10,382 1, 793,541 875 561,496 441 193,970 1, 748 418,936 

---. 
12,904 377 4,867,368 3,528,206 15,756 2, 138,127 1,033 570,006 6,246 279,040 4, 708 541,033 

76,227 119 9,069,471 6,247,002 33,379 4,255,868 2,115' 1,171,061 6,2461 279,040 4, 708 541,033 

95,984 9,069,471 6,247,00213;3,379 4,255,868 2,115 1,171,061 6,246, 279,040 - 4, 708,541,033 
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fuel used by aU industries, by size of plant. 

manufactures, 1919.] 

Power-supply equipment-Continued. 

Operated by purchased energy. 

Electric motors. 

Total. R~~t~a f::r!:rattt:~: 
Electric motors. - ment. 

Total Other 
horsepower. (horse-

Number. Horse- power). Horse- Horse-power. Number. power. Number. power. 
~ 

16 17 18 19 20 21 22 23 

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

793,617 208,962 763,163 30,454 221,738 837,261 12,776 U,098 
324,902 35,593 321,592 3,310 58,228 481,523 22,635 159,931 

1,703,950 117,406 1,685,960 17,990 280,941 4,017,843 163,535 2,331,883 

2,822,469 361,961 2, 770,715 51,754 560,907 5,336,627 198,946 2,565,912 

Anthracite 
(long tons). 

24 

234,010 

2,528,361 
1,265,149 

16,882,346 

20,675,855 

2,822,469 361,961 1 2, 770,7151 51,7541 560,907 5,336,6271 198,946 2,565,912,20, 909,865 

fuel ~tsed by all indi.tstries, by character of power supply. 

manufactures, 1919.) 

Power-supply equipment-Continued. 
\ 

Electric motors. 

I 

Operated by purchased energy. I Run b.l' euttont goo· 
Total. erate in establish-

'Electric motors. ment. 

~rota! 
Other Anthracite 

horsepower. (horse- (long tons). power). 
Number. Horse- Number. Horse- Number. Horse-

power. power. power. 

16 17 18 19 20 21 22 23 24 

............ ............... ................... .......... ! ............ .. ................. . ................ .. .................. 234,010 

............... ............... .................... .. ........... 8,633 52,326 8,633 52,326 855, 337 

............ .... · ........ . .............. ............ 17, 179 115, 860 17, 179 115,860 657,603 

............... ........... ............... ............ 88,382 1, 143,666 88,382 1, 143,666 7,0~0, 078 

................. ............. ............ , .......... 114, 194 .1, 311,852 114, 194 1,311,852 8, 583,018 

68~45·1 196,275 686,45:1 ........... 196,275 680,4561 ...................... 1, 091,594 
206,611 23,709 206,611 .......... 23,709 206,611 - .. --.----- _,_---- .. --- .. 123, 109 
596, 24o I 38,790 596,2110 .............. 38,790 596,240 1- ........... 1 •••••••••••• 197, 520 

1,483,307 258,774 1, 483,307 ............ 258,774 1, 483, 307 1-- .. ------- -I-.- .. -.--.- .. 1, 412,223 

113, 161 12,687 82,707 30,454 16,830 104,479 4,143 21,772 581,430 
118,291 11,884 114,981 3, 310 17,340 159,052 5, 456 44,071 484,437 

1, 107,710 78,616 1, 089,720 17, 990 153,769 2, 277,937 75, 153 1, 188,217 9, 614, 748 

1, 339, Hi2 103, 187 1, 287,408 51,754 187,939 2, 541,468 84,752 1, 254,060 10,680,615 

2, 822, •J69 361, 961 2, 770,715 51,754 560,907 5, 336,6271 198,946 2, 565,912 20,675,855 

2, 822,469 361,961 2, 770,715 51,754 560,9071 5, 336,627 198,946 2, 565,912 20,909,865 

89 

Fuel used. 

Coal. 

Total 
Coke 
(short 

Bitunu- e~ft~~~l~t tons). 
nous (short 

tons). nous (short 
tons). 

25 26 27 

381,727 591,884 25,860 

3,887,872 6,158,375 566 778 
3,899,249 5,037,683 3o8;2ss 

26,498,476 41,675,571 4,760,102 

34,287,597 52,871,629 5,635,168 

34,669,324 53,463,513 5,661,028 

Fuel used. 

Coal. 

Total 
Coke 
(short 

Bituminous ebuivalent tons). 
(short .iti.lmi-
tons). nous (short 

tons). 

25 26 27 

381,727 891,884 25,860 

1, 886,507 2,651;, 4851 149,745 
1, 889,242 2, 480,059 131,501 

12,139,926 18,500,448 2, 286,003 

15,915,675 '23, 635, 992 2, 567,249 

965,127 1, 943,805 338,435 
57.5, 813 685,748 44,734 

2, 542,126 2, 719, 861· 100,182 

4, 083,066 5, 349,414 483,351 

1, 036,238 1, 559,085 78,598 
1, 436, 194 1, 871,876 132,053 

11,816,424 20,455,262 2, 373,917 

14,288,856 23,886,223 2, 584,568 

34,287,597 52,871,629 5, 635,168 

34,669,324 53,463,513 5, 661,028 
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TABLE 46._:_.JlechaJ?-ical pow,er-supply.equipment r.mdfuel 

[Data from census. Qf 

Power-supply equipment .. 

Prime movers. 

Internal-combml-Steam engines. Steam turbines. Water wheels. tion engines. 

'Num- Horse- Nuin- Horse- Num- Horse- Num- Horse-
ber. power. ber. power. ber. power. ber . power. 

----- ------
8 9 10 11 12 13 14 15 

No power ... ·--·-.--·-, 171 ........ , ............ ·---~-. --·,·-- ---·- ......................................................... -~ 
Steam power only: · · 

1-200............ 68 48 3, 191 3, 191 92 3, 129 3 62 .................................. .. 
201-500.......... 14 330 4,682 4,682 52 4,682 0 0 ................................... . 
501andabovc... 14 1,020 14,270 14,270. 72 13,173 9 1,097 ................................... . 

96 230 22,143 22,143 216 20,984 12 1,159 .................................. .. 
=====1=======1=====1=======1=====1===== 

Purchased electric 
power only: 

1-200.. .......... 343 21 7,228 
201-500... ....... 5 281 1,406 .................................................................................... . 

----1·---1-----1------1 
348 ==2=5=!===8~, o=·3=4o:l=· ·=·=--=·=--=·=·=·I ................... ______ .. __ ............................................ . 

All other power: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

87 32 2,755 1,626 53 1546 3 80 0 0 0 0 
14 295 4, 114 2, 158 32 z: 013 2 145 0 0 0 0 
1 1,8os 12,654 7,423 31 5,83o 8 1,593 o· o o o 

1o8J 1,soo 19,523 11,201 116 9,389 p I,s1s o· o o o 
Total power . . . 5521 91 50,300 33, ·350 332 30, 373 25 2, 977 0 0 0 0 

Grand total.... 723 ......... 50,300 33,350 332 30,373 25 2,977 0 0 0 ___ o_ 

Nopower_. .......... --41 .... , .............. ! ............................................... ~.1 ................... ---~-.- ... 1= 
Steam power only: I ·1 ·1 . I : 

~oi~goo:::::::::: 112~ 2~5 6,~~g 6,~~g 10~5 6,~~~ ~ 11g :::::::: ::::::::::: :::::::: ::::::::: 
501 and above... 700 1, 400 1, 400 1, 400 0 0 .................................. .. 

-llil 10 · s, 055 1 s, o55 114 1 1, 940 3 115 ........ =~ ~r:·~-~-:-~= . 

p~t~~~':':':~;:: ~~ . ,:: ::::::::::::::::-::1::::::::::: ::::::: :::::::::::!:::::::: :::::::::::::::::::::::::::: 
50g 1~. 239 .5,431 1,017 26,152 

All other powe!': 
. 1-200 ........... . 

201-500, ........ . 
501 and above .. . 

S47 
7 
2 

856' 

43 
310 
690 

47 

36 351 
2,173 
1,380 

39,904 

34,498 
1, 705 

. 1,330 

37,533 

57 
1 
3 

61 

2,865 
150 
650 

1 
0 
0 

1 40 14 1, 515. 
0 ·0 14 680 

3,665 ----l----50-1 240 5,471 1,045 ~ 
=====:======1=====:=======:==== 

Total power... 1, 217 48 58,115 I· 45,588 175 I 11,605 4 I 165 j 240 j 5, 471 1, 045 23, 3H 

Grand total.... 1,221 58,115\ 45,588 175\ 11,605 41 1651 240 I 5,471 1,045j 28,347 

Nopower ........... =2,9=49l= .= ..... = .. i1= .. = ..... = .... 1 .. · ......... - ........ !_. .................. 1· ........... 1 ........ 1 ................... /~---····· 

I ::~~~~I:::d.: !! '·f:! ,!:~ J~ ==f=~=·==· =1=!=:!=!=!=1===!=:1==·=~=:~=:=!=::::::::: :::::::::::::::::::::::::::: 
po1~~Jo~~~~:....... 5,35~ 

1

1 6 30,693 .•......•.....•.... 1 ................................................................. . 

;g~-~~~-above.':: _5,_3_68_ 11_ --~~-~_ 1 __ 3_!:...: :-!-!-~.:....:: :-: :...:.~-::=-:--: ...:.: :.~=:..:..: .:....:: :..:..: ·:..:..:~: J :::::::::: ::::::::,::::::::::: :::::::: ::::: :·::::: :::::::: ~ 
All other power: 

1-200 .. ·. ·••··· .. . 
201-500 ......... . 
501 and above .. . 

2,535 40 1,507 3 11 139 995 8 22 
1,047 14 1,047 0 0 0 0 0 0 
1,030 5 630 1 400 0 0 ~ 0 0 

182 23 4,190 
6 264 1,582 
3 2, 570 7, 712 

191 70 13, 484 4,612 59 3,184 4 411 139 995 8 --2-2 

1s, 556 1 140 15,053 11 2,4861 1391 995 Sl 22 1 

1s, 556 1 '14o 1 15,053 11 2,4861 139 1 995 Si 221 

Total power... 5, 5981 11 I 62, 377 
Grand total.. .. !=8=, 5=47=!=_=_ .=. =_ .== .. =:1: ==62=, 3=7=7=.1!= =======:===:== 



INDUSTRY IN THE SUPERPOWER ZONE. 
·_, 91'· 

used by industry subgroups, by character of power supply. 

manufactures, 1919.) 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total 
horsepower. 

Electric motors. 

Number. Horse
power. 

Total. R~:~t~cl ~~!:~~\11:~: 1--'-------------l 
men~. Total 

Other . Bitumi- eq~val~nt 
(horse- 1---------1------,------1 Anthraette nons (short bltmm-
power). (long tons). tons). nous (short · 

Horse- Number. Horse- tons). 
power. power. Number. 

Coke 
(short 
tons). · 

1-----1-------------1-----l-----l·----1----l----l----1----·1-__:_--

:1.() :1.7 :1.8 :1.9 20 2:1. 22 23 24 25 26 27 

~ . . . . . .. . . .. . . . . .. . .. . .. . .. . . .......... -. . .. . .. .. .. . . .. .. .. .. . .. . . .. . . .. .. .. .. .. .. . .. .. .. .. .. .. . .. . .. .. .. .. .. . . .. .. . . . . .. ........ - ...... .. 548 978 .: 0 
I 

:::::::::::: :::::::::: ::::::::::: :J-: : ___ : .-.-: .-.-·1 _· ---~-!-1---::-!-:-1----:-!-!-1---:-: -~-!-1--1-!-~-!-~-1--.-!-!-~-~-!-1
1

---~-!-~ :-·:-:-1---:--: ~-~ 
7, 228 
1, 406 

805 
96 

961 

7, 228 865 7, 228 -. -- ...... -- ....... -- . -- 4, 372 7, 380 11, 310 126 
1' 400 96 1' 406 . -- -- .. -- . -- -- -- -- -- -- -- 96 2, 398 2, 485 0 

-----1-------l--------1--------l----l-------l------l-----11-------
8, 634 961 8, 634 ----.--.---- -----.------ 4, 468 9, 778. 13, 795 126 

=====1======1=~===1=======1=======1=======1:======~==~=1========: 

1, 129 93 987 142 98 1, 001 5 14 5, 333 12,375 17, 175 
1,956 187 1,956 0 227 2,303 40 347 14,049 14,656 27,256 

106 

5, 231 447 5, 231 0 561 6, 517 114 1, 286 89, 131 26,949 106,949 
-------l-----~------1-------l-------l--------l--------l--------l-------l-------·l-------

8,316 727 8,174 142 886 9,821 159 1,647 108,513 53,980 151,380 
.:::===1========:1=======1=========1=======1=======1========1=======1=======1=======1======= 

105 

1(),950 1,688 16,808 142 2,704 28,050 1,016 11,242 224,201 216,306 417,873 7,637 
1==:====1=======:1=======1=========1========1=======1=======1======1=======1=========1====== 

16,950 1, 688 16, 808 142 2, 704 28, 050 1, 016 11,242 224, 668 216, 854 418, 851 7) 637 
==~:1===~=1======1==~==1==::==:=1===~=1======:======1====='== 

····-······· .................................................................................................... .. 0 o\ .o 0 

2 11 2 11 8, 896 1G', 1551 18, 145 (I 
0 0 0 0 . 0 1,050 1,050 0 

. - ............ -- .... -- -- .... ------ --------.. 13 128 13 128 7, 500 4, 080 10, 830 0 

......... _______________________ • _ :--:-:--:-:--:-:.

1 ::::::=1-5:.:::::::1:3=9-=·ll=~-=-=-=-=-=-1=5~:::::::13:9:1

1::::1:6,:3:96:,;~:::1:5:, 2:ss:~;~-====3-o:.:o25::
1

1::::::::o 
9,431 710 9,411 ----------1· 710 9,431 ··•••••••••· ••.••••••.•• 670 "'i'l' 

725 31 725 ---------- 31 725 ------------ ------------ 0 
'1,205 

0 
4 
0 

1--------1-------1--------1 
10,156 ===74=1=1===10:::;;'=1=5(=1! 1----------1 741 10,156 ............ ------------ 670 602\ 

1,~, 
50 

2,371 

107 
40 

1 

148 

1, 205 

l, 775 78 123 1, 996 16 221 7, 988 3, 998730 '11, 173 8) 
468 0 79 968 39 500 49 914 , 
50 0 1 50 0 0 0 362 '363 , 

2, 293 78 203 3, 014 55 721 8, 037 5, 225 12,450 ' fH 
'===========1===~=1======1=======1======1======1======1=====: 

12, 527 889 12,4491 78 1 959 13,309 10 1===8=6o=l===2=s'=, 1=o=3 =l==2=1:::::. =11=2=i====4'3:::;;'=6so==l====s=' 

12,527 889 12,449 1 78 1 959 13,309 70 1 860 25, 103 21, n2j 43,680 81 

...................... ! ........... J ........ J ........... ------------ ........... .!. ........... / 90,662 8,1371 89,637. Hi.511 

--.......... -- .... ---- ........ --. J __ ..... --I so 355 50 3551 2, 335 13,040 is, 140 :> 

~::::::::::: :::::::::: ::::::::::::11
::::::::: :I 1, ~~~ ;; ~~ 1, M~ ;; ~~ 

1 
___ !~....:.:_~.:_6_, ___ ~_;~::_r_c~_, ___ ~....:~..:...:_~~...:.g-1----3-· 4--=-~~ 

..... -- ........... ---- ---- ... -...... ------.. 1, 438 8, 727 1, 438 8, 727 64,249 40,848 98,748 4, 743 

30,698 
2,375 
1, 881 

34, 949 

10,296 30,603 10,296 30,693 .. .. .. . .. .. . .. .. .. .. .. . . 261,464 
425 2,375 425 2,375 ............ ............ 8,086 
317 1,881 317 1,881 ---·----·--- ------------ 5, 715 

11,038 34,949 11,038 l--::3:-4'-=, 9:-49=-l·_-_-.. -.-__ -_-_ .-.--j~----. -__ -_-__ -_ -__ -_l--2::-:::7:-:-'5,-'2-::-fJ5::-! 

38,4691 273,469 5:!,984 
2,0771 9,337' 1,168 

473 5,623. 0 
41; 019 --2--8-'8.-'4-29_, ___ 5_2_, 1--,.52 

:===:==:=.'===:== 
1,~~ 3~~ 1,~1~ 1~ i~~ 2,~: 111 I ~~~ g;g~~ 1~Jg~ ~gJgg 1,693, 

1 ____ (1..:..' 6_.8_2 277 6, 682 o -----::-41::-:4:-l---::-::'7,~3729::-+---:-1:-:::g-=-~-:---::--:-:M:-:-7-I--:-13-:!-'-::5::-:65::- ___ 8....:.,_3z_o_1 ___ 2_o:...., 5_2o_1 ____ 1.:...., 8---=-58 
8,872 697 8,855 17 995 10,286 298/ 1,431 4:l,675 24,105 62,505 _3,557 

1========1======'===:===:======1======1====1:==:===:=====::======1=====:'==:====1======= 
43,82_1 11,735/ 43,80'4/ 11 13,471 53,962 1,736\ 1q,15sj 382,189 105,972/ 449;682 60,452 

a,8nl 11,7351 ~804/~::::1:7~1::::~~.4:7:1~j:::=o=-3:,=9=6:2:::::1:,=7=3:6:1:::=1do;,=1=5:8:1:::4=7=2;,=8=5:1:1:;:1=1=4:,=1=o:9:/:::5=3=9~,=3=1:9:::::=7=6~,9:63 



92 A SUPERPOWER SYSTEM FOR TH~ REGION BETWEEN BOSTON AND WASHINGTON. 

1 2 

Establishments. 

Size of plant Aver-
(horsepower). Num- age size Atgregate 

ber. (horse- . orse
power). power. 

3 4 5 6 

Total 
horse
power. 

7 

TABLE 46 .-Mechanical power-supply equipment and fuel used 

Power-supply equipment. 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
ber. power. ber. power. 

8 9 10 11 

Internal-combus
tion engines. 

Nuni- Horse-
ber. power. 

12 13 

Water wheels. 

Num- Horse-
ber. power. 

14 15 

!
Steam .power only: 

501 and above..... 13 2, 700 35,041 35,041 229 23,678 22 11,363 ................................... . 
Total power ... --13- 2, 700 35,041 35,041 229 23,678 22 j 11,363 ................................... . 

Nopower ... .'........ 806 ... : .... .................................................. ,.=·······'········ ................. ~./ ........ . 
Steam power only: 

1-200... .. .. .. .. . 687 32 
328 
906 

21,836 21,836 854 21,611 19 225 
110 
810 

201-500..... .. .. . 31 10, ~11 10,211 93 10, 101 3 
501 and above. . . 15 13,638 13,638 73 12,828 ___ 4_1-~---1········ ........................... . 

Purchased electric 
power only: 

1-200 ........... . 
201-500 ......... . 
501 and above ... . 

--m· 62 45,685 45,685 1, 020 44,540 26 1,145 ................................... . 
=====1======1========1========1======1========1=====1=~ 

2,474 
40 
7 

2,521 

15 36,219 
299 11,947 

__ 804-:2-:l·l--53_5..:..:-~:-~-l-:-:.-·:-:-::-:-:-::l :::::::: ::::::::::: :::::::: ::::::::::: :::::::: ::::::::::: :::::::: ::::::::: 
All other power:. ====11=====1====1 I 

1-200.. .......... 765 30 23,305 17,412 275 9,552 10 276 602 6,108 66 1,476 
201-500.. ........ 36 300 10,831 6,281 18140 256,,31306~ 131 226 17 670 151 322507 
501andabove.... 30 1,524 45,733 30,171 990 31 2,548 

--sa=-· -,-1·t---,9=-=6-t---79-',-8-69-t---53-, 86-4 1 469 40, 993 24 1, 492 --64-o-t---9-',-3-26_, ___ 8_2 I 2, 053 
=====l======l=======l========l=~~====t========t=====l=======l======l=======l======:===== 

Totalpower... 4,085 ·44 179,351 99,549 1,489 85,533 50 2,637 640 9,326 821 2,053 

Grand total.... 4,891 179,351 99,549 1,489 85,533 50 2,637 640 9,326 821 2,053 

Nopower ........... . 

Steam power only: 
1-200 ............ . 
201-500 ......... . 
501 and above ... . 

13 . ······· ................ · ............................................... ····· ................... j ........ . 

48 
22 
72 

142 

1:;!3 
345 

2,395 

5,937 
7,593 

172,596 

5,937 
7,593 

172,596 __ 1::-g-~-1--14_~.:...: t_~_g_\ ___ 2_~-1--2_7.:..., ~-~-~-\:::::::: ::::::::::: ::::::: :b:::::: 
1,310 186;126 186,126 261 158,969 29 27,157 ........ ··········· ........ ,: ....... . 

1======1=====1========1======1 =====1======1 -----

. I 
Purchased electric 

power .only: 
1-200 ........... . 
201-500 ......... . 
501 and above ... . 

All other power: 
1-200 ........... . 
201-500 ......... . 
501 and aqove .. . 

193 
14 
19 

51 
320 

2, 760 
295 

J:t1 :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::: 
66,924 ................... ··········· ...... -:. ··········· ········ ··········· ~~~ 

=====1=====1======!======1 
95 57 5,436 3,630 23 1,411 0 0 22 509 31 1, 710 
30 347 10,425 9,386 36 5, 405 0 0 0 0 39 3, 981 

183 3,-420 626,602 514,737 452 252,998 92 124,393 10 1,465 592 135,881 
308 2, 080 642,463 527,753 511 259,814 92 124,393 --3-2-l---1-',-9-74_, ___ 66_2 141,572 

=====1~====1=======1=======1=====1=======1=====1=======1=====1=======1=====:===== 
Total power... 676 1,320 895,513 713,879 772 418,783 ==12=1=I==1=51='=55=0=I====3=2 1,974 6621141,572 

Grand totaL.. 689 895,513 713,879 772 418,783 121 151,550 32 I, 974 662 141,573 
=====I======= I=~== 

Purchased electric 
power only: 

1-200 ........... . 
201-500 ......... . 
501 and above .. . 

949 
9 
4 

96!.! 

········· ............................................................ ········ ··········· ........ , ........ . 

15 14,401 
278 2, 497 

1,071 4,285 ........... ········ ......... : ................................................ •·•······ 
_.:__2,...,2-l---21-"

1
-l-83-\·.-.-.. -.-. -.. -.-.. 1 ......................................................................... . 

All other power: 
1-200............ 152 49 7, 450 4, 765 68 3, 336 1 35 24 235 33 1, 159 
201-500....... .. . 40· 310 12,394 8, 535 40 6,275 2 110 0 0 30 2,150 
501 and above. . . 21 1, 330 27,981 19,671 52 13,672 2 1, 750 0 0 28 41 249 

--,2,_1-3-l--'-2-24-l--4-7"",-825-l--3.,-2,-:9-:-7-l·l--l:-::6-::-0 l--2::-3-'-, ::-283:-:-l 5 l1 895 ---.,2,_4-l----:-23::-5-l---91.,.... 7';558 
=====1======1,=====1=======1=====:===== 

Total power... 1, 322 68 89, 439 53, 402 331 39, 795 15 5; 814 24 235 91 I 7, 558 
1========1======·====== 

Grand total.... 1, 3831........ 89, 439 53, 402 ==3=3=1'"1===3=9==, 7==9=5::'===1=5 5, 814 24 235 91 I 7, 558 

l 



INDUSTRY l:N. TE:E SUPERPOWER ZONE. 

by industry subgroups, by character of power.supply-Contitmed. 

Power-supply equipment-Continued. · · 'Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. R~:~t~a ~~r~:~~~llf:h: l----...,.-----..,..----
Electric motors. ment. 

!l'otal 
Other A th 't Bitumi- equivalent 
(horse- 1----...,...-----1-----:--"''----1 n ram e nous (short bitumi-
power). ·Number. Horse" .. Horse- (long tons).- tons). nous (short 

power. Number. power. tons). 

Total 
horsepower. Number. Horse-

• 1. power. 

16. 17 18 19 20 21 22 23 24 26 

................................... / .......... / ....... : .......... · ................... · .......... . 4.,330 

3, 6219 
11,947 
5,631 

53,797 

7, 910 
1,420 

708 
10,038 

36,219 
11,947 
5,631 

53,797 

7,910 
1,420 

708 
10,038 

36,219 
11,947 
5,631 

5?, 797 

.... : ....... ! ........... . 43,464 
9,553 
I, 914 

54, 93I 

50,252 
19,746 
4,957 

74, 955J 

89,365 
28,345 
6,679 

I24, 389 

5, 893 1, I38. 5, 387 506 I, 228 . 6, 014 90 627 23, 631 . 61, 596 82, 854 
4 550 515 4,190 360 802 5, 482 287 I, 292 I2, 957 4I, 334 53,000 

I5: 562 1, 812 15, 562 0 3, 457 31, 487 1, 645 I5, 925 I68, 572 I24, 850 276, 563 

26,005 3,465, 25,139 866 5,487 42,983 2,022 17,844 205,150 227,780 412,417 

. 93 

Coke 
(short 
tons). 

27 

43I 

1, 739 
1,457 

0 

3,196 

115 
16 
64 

I95 

79, 802 ==13='=50=3=1===7=8=, 9=3=6=1===86=6=1===1=8=, =12=7=1==I=1=4,=6=0=2 =1===4='=62=4=1::==3=5=, 6=6=6=1==3=8=2,=6=26=1===4=72='=72=5=1==8=1=7,=1=00=1====5=, 0=83= 
79,802 13, 503 1==7=8=, 9=3=6·=1 866 I8, 127 114,602 4, 624 35,666 386,956 '185, 502 833, 774 5, 514 

............................................................................................................................... .0 1,648 1,64~ 0 

I33 787 I33 787 14, 355 23, 777 36, 377 350 
181 1, 749 I81 1, 749 7, 732 28,036 34, 096 0 

············ .......... ············ ·········· . 3,347 46,366 . 3,347 46,366 99,563 410,178 499,678 I3,982 
.................................. -.. -.-.. -.-.-.. -.l---::a-=-:,6~671·l---:-48;:;,-::oo::::2::-I----:3~,:::66::-:I-I--~4:-::8:....,, 9:-::0-::-2·I---:I-::2~I,-=6::-5o:c-I·--:-46::-:I:-=-,:::99::-:1-I--5:::7:-:-1,-=-:3:-::5-:-1-I---:-14~,:::33::::2 

9, 839 2, 227 9, 839 2, 227 9, 839 .•••••• - .•..•.•••••••• -. 3, 90I 12, 108 15, 608 399 
4, 506 865 4, 506 865 4, 506 . • . . . • . . . . . . . . . . • • • • . • • • ·I, 794 7, 163 8, 783 0 

--.,.52~,-::5.,-79~ 1 __ ~3,~6:-:-2~9 1 __ 5_2~,5-7_9_ 1 _____ 
1 
__ -::3~,6~2-9_ 1 __ -=5~2,-=5-::79~ 1 _._._ •• _._ •• _._._ •• _.

1
_._ •• _._ •• _._ •• _._._.1 _~4~,~8-91_·_ 1 ___ ~I4:-=-,~5o~1- 1 ___ I~8~,9:-::o~I- 1 ___ -::-=o 

66). 924 6, 721 66, 924 6, 721 66, 924 ...................... ·.. 10, 586 33, 772 43, 292 399 
======1==========1=====1=======1=========1========1======1~======1===~===:1===~=1======= 

. ~~ ~ ~~ I ba~ 1
' o~. 2~~ ?J~~ 1~~ 1, ~I~ ~; ~b~ M: ~g~ !g; ~g~ ~ 

111;865 10,250 111;470 395 20,259 267,788 10,009 I56,3I8 I66,061 1,137,722 1,278,722 1,694 
ll4, 710 10,392 113,232 1, 478. 20,594 270,942 .. 10,202 157, 710 175, 544 1, 186,253 1, 335,,774 1, 695 

=====1=======1=======1========1======1=======1=======1======;1====== 
181,634 17,113 180,156 1,478 30,976 386,768 13,863 206,612 307,780 1,682,016 1;950,417 16,426 

=====1========1=====1===~==1=======1====~=1===~=1=======1==~===1====~=1===~= 
1====18=1='=63=4=1===17='=11=3=1====18=0=,1=5=6=1===1='=47==81====3=0~,9=7=6=1;==3=86='=7=6=8=1====13='=86=3=1::===206~,6=1=2=1===3=0=7,=7=80=1===1,=6=83=,=66=4~1==1=,=95=2=,06==5~1=====16=,=42=6 
................................................................................................................................... 

. 642 
555 

. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 814 

.................................. -. -.. -. -.. -.-.. -.l---2-, 0_1_1_ 1 

2,937 
1,576 
4, 747 
9,260 

642 
555 
814 

2,011 

2,937 
1,576 
4;747 
9,260 

193 

22,773 
IO, 163 
17,694 
50,630 

201 

42,714 
10,446 
20,390 
73,550 

374 

63,114 
19,546 
36,290 

118,950 1 

14,401 3,885 14,401 3,885 I4,401 ···•••·••••· ......... ::. 16,698 40,666 55,666 
2, 41)7 526 ~ 497 526 . 2, 497 . . . . . . . • . . . . . . . . . . . . . . . . 900 2, 892 3, 702 
4,285 338 4,285 338 4,285 ············ ············ 0 7,696 7,696 

0 

43 
0 

74 
117 

41 
0 
0 

41 21,183 4,749 21,183 ·········· 4,749 21,183 ............ ............ 17,598 51,254 67,064 
======1:=======1=====1=======1=======11========1=======~=========1========1========:======= 

2 685 337 1, 422 1, 263 496 2, 346 159 92411 6, 024 19,743 2.5,143 0 
3:859 274 3,084 775 413 4,665 139 1,581 9,034 44,448 52,548 0 

:~====I,...,:::=~~!;:~=I_==_=~1:,:!~:~~~~~:::::1=:.,.:=:...,.!~,...,~=~~::::2:,:oa:~-~:1=-= -= -=...,.=~:::::::;::::~:~::::5:,;:::::::~~:::::::::!::~:3::=:1,::::2-s=o::!:~-
2

~,'1=--=-:::-=1::::::-~:::!:;~:::~~:6::-:=::!:;'::::::::~ 
36, 037 6,180 33,999 2, 038 I 8, 763 I 48,998 2, 583 14,999 I 88,808 272,968 352,636 158 

======:==============1=======1:==============1===~====1=====~1======~ 
36,037 6, 180 33, 999 i::::::=2='=03=8=,1= ==8=, 7:::6=3=!'==4=8~, 9=9=8='====2='=5=83=1===1=4=, 9=9=9=.1==8=9=, 00=1 ='==2=73='=1=69='====353='=01=2='====1=58 



94 A SUPERPOWER SYSTEM FOR THE .. REGION BETWEEN .. BOSTON AND WASHINGTON. 

1 2 

Size of plant 
(horsepo~er). 

3 

Establishments. 

Aver- A 
Num- age size tg;;::-to 
· ber: (horse- power. 

power). 

4 5 6 

i 

Total 
horse

power.-

7 

TABLE 46.-Mechanical power.:.supply' equipment and fuel used 

'Power-supply equipmonL 

Prime movers. ' 

Steam engines. Steam turbines. In tarnal-com bus
tion engines. 

Num- Horse- Num- Horse- Num- Horse-
her. power. ber. power. ber. power. 

Water wheels. 

Nnm- Horse-
her. power. 

----1---1----1---1---- ------
8 !) lO' 11 12 13 14 15 

No power .......... . 32, _____ - ---_ -------- --· -- ---· ..... - .... ·-- ......•.... ·······. ·······:.:..:..:. ........................... ~.-.· ..... . 

Steam power only: 
1-200.---- ...... -
201-500.---- .... -
SOland above .. . 

Purchased electric' 
power only: 

1-200.---- ..... -.. 
201-500 ..... - - - .. 
501 and above ... 

All other power: 
1-200 ........... . 
201-500.: ....... . 
501 and above .. . 

I 
82 111 
41 298 
11 1, 280 

134 264 

9, 069 
12,273 
14, 131 

35,473 

687 30 20, 908 
25 270 6, 749 
7 749 5, 243 

9, 069 
12,273 
14, 131 

35, 4?3 

95 
55 
35 

185 

8, 719 
11,068 

7, 781 

27,568 

3 
9 

10 

22 

3-50 
1, 205 
6,350 

7, 905 

-----1----1------l-----l----l-----l------------l-------·l------l------
719 -46 32,900 .......................................................................................................................................... 

247 38 9, 371 4, 771 49 3, 318 2 87 
26 315 . 8, 210 5, 731 40 5, 394 0 0 
32 1, 655 53, 107 34, 077 105 23, 491 10 4, 167 

1----1 
305 232 70, 688 44, 579 194 32, 203 12 4, 2-54 

37 
1 
3 

41 

680 
12 

635 

1, 327 

16 
2 

38 

56 

686 
325 

5, 784 

6, 795 
i======l=======l=====l'=======~l 

Total power... 1, 158 120 139, 061 80, 052 379 59, 771 34 12, 159 
======1=====1========1========1===== 1=======1 

41 1, 327 56 6, 795 

Grand total.... 1, 190 139, 061 80, 052 379 59, 771 34 12, 159 
======1=====1========1========1=====1======1===== 

41 1, 327 56 6, 795 

Nopower ........... . 13 ......... - ..... - .................. -...... -.- .... - - ... --.- ........ --. - ...... - ... -.- ....... -........ . 

Steam power only: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

Purchased electric 

72 
40 
42 

154 

130 
333 

2, 030 

700 

9, 445 9, 445 77 9, 210 2 235 
13, 331 13, 331 59 12, 781 2 550 
85, 531 85, 531 96 52, 147 30 33,384 

------1---------1------1------
108, 307 108, 307 232 74, 138 34 34, 169 .. ---- .. -.. -- .. - .. - .. - .... - . --- .. ---

======1=====1=======1=======1=====1======1====1======1====1:======1====:1==== 
power only: 

1-200.. .......... 82 85 6, 989 
201-500.. ... .. .. . 24 319 7, 663 
501 and above... 8 

114 -

1

;..,' :::-::~:-:-:-·~--~::-::::-'..;:-:-~~::-::::-l-:-:-::-:-::-:-:-::·1_-· :-:-::-:-:: ::::~:::::: :::::::: ::::::::::: :::::::: ::::::::::: :::::::: ::::::::: 
All other power: 

1-200 ........... - 121 104 12,657 8, 804 
291-500.......... 126 333 41,945 31,975 
501 and above. . . 108 1, 770. 191, 194 168, 151 

------1------1--------1--------1 
355 692 245, 796 208, 930 

Total power ... 
=====1=====1========1=======1 

610 380,229 623 . 317, 237 

Grand totaL .. 636 380,229 317,237 

51 
135 
276 

467 

694 

694 

4, 492 
19, no 
72,881 

96,483 

170,621 

170,621 

1 
2 

. 42 

45 

79 

15 
480 

66,270 

9 
3 
3 

278 
130 
554 

77 4, 019 
157 12,255 
193 28,446 

66,765 
1=====1=======1=====1===== 

15 962 427 44,720 

100, 934 15 962 427 44, 720 
====I===== I 

79 100, 934 15 1 962 427 44, 120 

No power ...•........ ====~·-- -1- ·•· ··-~·-·-= __ =_=_= __ =_=_;I=_= __ =_=_=_ .=.= __ =_,I=_=_=_ == __ =_= __ =I=-__ ""·:= .. =-~===~== .. · ...... 

~oi~~o:::::::::: 1~ ~~! ~:~5~ ~:~j~ 1g k~~~ ~ 1~ :::::::: ::::::::::: :::::::: ::::::::: 
501 and above. .. 4 1, 770 7, 080 7, 080 20 6, 380 1 700 .................................. .. 

Steam poweronly: ~ 

--24-~· 11,163 1063 44 10,388 2 775 .................................. .. 

Purchased electric 

p~~200~1~~~~------- 9 59 533 ................................................. ~-------1----------- ............... .. 
~gl-:~abo~e-.-:: ~ 1, ~~~ 3,~~ ::::::::::: :::::::: ::::::::::: :::::::: ::::::::::: :::::::: ::::::::::: :::::::: ::::::::: 

--12- 351 4, 215 ~ .. . .. .. . .. .. . .. .. . . .. .. .. . .. .. .. . . .. .. . .. .. .. . .. . .. .. .. . .. .. .. .. .. .. .. . .. .. .. . .. .. .. .. -.. . .. .. .. . . .. .. .. .. .. .. .. . .. .. -.. . .. .. .. .. . ............. .. 
All other power: 

1-200.. .......... 15 32 476 255 3 170 0 0 2 
201-500. • .. . .. .. . 7 296 2, 0_75 1, 157 7 857 0 0 0 
501 and above. . . 7 2, 010 14, 070 13, 129 18 9, 167 4 2, 975 0 

85 
0 
0 

0 
1 
6 

0 
300 
987 

-----,J----I--------I--------I-----I-------I-----I--------I------1-------.. -------
29 570 16, 621 14, 541 28 10, 194 4 2, 975 2 85 1, 287 

1====1 
Total power_ .. ==6=5=I===49=0=I===3=1,=9=9=9 "l==2=5.,=· 7==0=4=l:====7=2=!c::===20==\=5==82=l,==6=!=-==3=, 7=5=0=t===2=l====·8=5=l:===l==1='=2=87= 
Grand totaL... 70 31,999 25, 704 12j' 40,582 6 3, 750 2 85 · 1, 287 



INDUSTRY IN TH-E SUPERPOWER ZONE. 95 

by industry subgroups, by character of power supply.:_Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Opomtod by purchased energy. Coal. 

Total. 
Run by current gen-

orated in establish-
Electric motors. mont. 

Total 
Coke 
(short 

Totnl Other Anthracite Bitumi- e~~~:~t tons). 
horsepower. I 

(horse- (long tons): nons (short 
Horse- power). 

Number. Horse- Number. Horse- tons). nons (short 
Number., power. power. power . tons). 

. 
16 17 18 19 20 21 22 23 24 25 26 27 

I ................. ............. ................ .............. .................. ................... .................. ................. ................. .................... .. ............... . ................ 

............. ............... ................ ............... 473 1,803 473 1,~1 32,182 21,020 49,820 260 -- ............... ................ ............... ............... 1, 741 3,199 I, 741 3,199 46,048 13,799 55,099 0 
--·········· ............... ................ ............. 4,880 10,263 4,880 10,263 27,226 17,244 41,644 0 

................ ............... ............... ................ 7,094 15,265 7,094 15,265 I 105,456 52,063 146,563 260 

20,908 7,348 20,908 ............... 7,348 20,909 ................ . .... , ............. 23,446. 7,672 28,672 27 
6, 749 2,1()9 6, 749 ............... 2,11i9 6, 749 . ............... .................. 7, 212 2,434 8,934 0 
5,243 1, 214 5,243 ................. 1,214 5,243 . .................. .................. 2, 708 5,584 8,014 0 

32,900 10,731 32,900 ............... 10,731 32,900 ................. .. .............. 33,366 15,690 45,620 27 

4,600 383 1,615 2,9sg 557 2,130 174 515 15,008 8,847 22,347 96 
2,479 569 2,479 812 3,008 243 "529 22,074 12,570 32,370 0 

19,030 5,311 19,030 0 6,437 28,912 1,126 9,882 82,636 99,148 173,648 0 

26,109 6,263 23,124 2,985 7,806 34,050 1,543 10,926 119,718 120,565 120,565 228.365 

59,009 16,994 56,024 2,98.'> 25,631 82,215 8,637 26, 191 258,MO 188,318 420,M8 383 
-

59,009 16,994 56. 02•1 2,985 25,631 82,215 8,637 26,191 258,569 188,958 421,214 383 

............ .............. ................. ................ .. ............... .. ............... .. ................. .. ................... 10 1,060 1,069 0 

............. .............. ::::::::::::1:::::::::: 94 521 94 521 7,930 '60,097 67,247 4.'> 

................. 439 2,435 439 2,435 21,367 69,234 88,434 0 

............... 2,589 51,771 2,589 51.771 64,154 268,567 326,267 0 

............ ,~ 
I 

3,1221 ............ 1·········· 54,727 ' 3,122 54,727 93,154 397,898 481,948 45 

6,989 912 ll,989 ................ 912 6,989 .................... .................. 1,689 14,250 15,770 2 
7,063 588 7,663 ............. 588 7,663 .............. ....................... 1, 768 14,171 15,761 877 

11,474 899 11,474 .............. 899 11,474 ............... .............. 550 23,851 24,301 0 
20,126 2,399 26, 126 ................ 2,399 26,126 ...................... ................. 4,007 52,212 1 55,832 879 

3,853 219 2,290 1,563 382 2,834 IG3 544 2,0M I 37,0831 38,933 550 
!!, 970 968 9,420 550 1,433 14,212 465 4, 792 12,327 168,116 179,216 4'34 

23,043 2,150 23,043 0 8,140 93,264 5,990 70,221 69,663 553,688 616,488 86 

36,806 3,337 34,753 2,113 9,955 110,310 1 0,618 75,557 84,0441 758,887 1 834,637 1,070 

(\2, 9!!21 5, 730 60,879 1 2,113 15,476 1 191,163 1 9, 740 13o, 284 1 181,5021 1,209,057 1 1, 372,417 1,994 

62,9921 5, 730 60,879 1 2,113 15,476 1 191, 163 1 9, 740 t3o, 284 1 181,512 1 1,21o,u7 1 1,373,486 1,994 

............ ! ...................... ! .......... ............ I ....... ~ .... I 
1781 7,0541 7,212 0 ................. ············! 

i I I - 37 ~'I 37 "'I 1, 759·1 !1,3121 12,892 0 

: ·:: :·:·: ·::::::'.::::.: .. : 1: .. :: ...... "1..::.:: .. : 
lo:l 524 103 524 5, 712 7,096 12,246 0 
388 3,494 388 3,494 19,610 1 23,841 41,441 0 

528 4,4441 528 4,444 1 21,os1 I 42,2491 66,579 0 
I 

.. " 

533 68 533 ........... 68 533 ............... .............. U9 5,424 5,531 0 
200 97 260 ............ 97 260 ............. ........... , . 0 497 497 0 

3,•122 212 3,422 ............ 212 3,422 ................. ................ 0 35,804 35,804 0 
4,215 377 '4,215 .......... 377 4, 215 ............. . ........... 1 U9l 41,725 1 41,832 1 0 

221 22 221 .0 22 221 0 0 1,3431 1,3041 2,5741 0 
018 218 918 0 223 993 5 75 1,140 9,828 10,858 30) 
941 30 941 0 1,266 8,958 1,,236 8,017 6,462 123,232 129,032 0 

2,080 270 2,080 0 1,511 10,172 1,241 8,092 8, 9451 134,424 1 142,464 1 aoo 

(),2951 0471 6,295 0 2,416 18,831 I, 769 12,536 36,145 218,3981 250,875 1 3)0 

==o,=29=' ! ,., 1 "· ,..j 0 '==2=, 4=1=0 :'1= ==18='=83=1=11:==1=, 7=69=1 ao, 3231 225,452 I 300 12,5361 258,087 1 

63361°-21-7 
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1 2 

Size of plant 
(horsepower). 

3 

Establishments. 

Aver-
Num- agesize Aggregate 

(horse- horse-
her. .power). power. 

4 5 6 

Total 
horse
power. 

7 

TABLE 46.-Mechanical power-supply equipment andj'liel u8ed 

Power-supply equipment. 

. Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
her. power. ber. power. 

8 9 10 11 

Internal-com bus
t ion engines. 

Nurh- Horse-
her: power. 

12 13 

Water wheels. 

Num- Horse-
her. power. 

14 15 

Nopower ........... . 50 ................... / .................. "····························································:·= 

Purchased electric 
power only: 

1'-200 .. ······'···· 
201-500 ...... · ... . 
501 and above .. . 

All o.ther power: 
. 1~200 ........... . 

201-500 ......... . 
501 and above .. . 

226 
10 
1 

237 

101 
33 
29 

163 

28 
278 

1,131 

45 

80 
318 

1, 780 

431 

6,344 
2, 784 
1,131 

10,259 

. 8,141 
'10 560 
51:673 

70,374 

6,.088 
7,501 

43,441 

139 
142 
443 

4,006 
6,441 

18,701 

8 
0 

31 

126 
0 

14,425 

Hi 
2 

HI 

311 
35 

1, 788 

10 
•12 
49 

1,645 
1,025 
8,527 

57,o3o 1 724 29,148 39 14,551 28 2,134 11,197 71 
1=====1======1======1=============1========1=====1=======1======11:=========1-==--·1-~--

Total power... 565 252 142,520 118,917 I 1, 755 74,498 75 31,088 28 2,134 71 11, 19.' 

. Grand total . .' .. _ 615 ~~ 142,520 118,9171 1, 755 74,498 '===7==5=l==3==1==,0==88=l===2==8=l=====2==,1==3==4=l=====7==l=l====1==1,==1=97= 

Nopower ........... . 
21 ............................. _,_ .-.... ~ ............ == __ =_= __ = __ =._·

1
=_= __ =_ = __ =_ -=:= __ =I-=_= __ =_= __ =_ .

1
=. = __ = __ =_= __ =_ = __ ' 1=_=~ _=_ = __ = __ ='=_=_ = __ :::::: __ =_=_. 

~! . 3i~. ~;gg~ tgg~ 1· ~~ ~;ggj ~ so8 .:::::::: ::::::::::: :::::::: ::::::::: 
H 1, 925 26, 988 26, 988 58 21, 696 13 5, 292 ................................... . 

Steam power only: 
l-200 ........... . 
201-500 ......... . 
501 and above .. . 

G9 545 37,545 37,5451 135 . 31,753 14 5, 792 .............................. ·•···. 

Purchased electric 
power only: 

~-200 ....... -:-... 113 23 2,625 
201-500 ...... :... 5 194: 971 

501andabove ... ~--7-::.,..+----':::._!...,..~~~~-:-:-::-:-:-::-:-:: 1 :::::::::::::::::::::::::::::::::::::::::::::: :::::::::::[:::::: ~ 
53 102 
28 297 
21 2,230 

All other power: . 
1-200 ........... . 
201-500 ... : ..... : 
501 and above .. . 

5,422 ·3,-84:4 33 2,895 0 0 7 69 13 880 
8,333 7,082 25 3, 710 0 0 2 170 30 3,202 

46,878 32,698 40 9,386 5 7,875 2 227 33 15,210 

102 595 60,633 43,624: --9-8-l--'-1-5,_99_1_
1 

7,875 11 466 761 19,292 
=====1======1=======1========: i=====l=======l=====:===== 

Totalpower ... 292· 356 104,078 81,169 233 47,744 19 13,667 11 466 76j 19,292 
=====1======1========1========1======1========1=======1=======11=======1======1======:====== 

Grand total.... 313 104,078 81,_169 233 47,744 ===1==9=l===1==3==,66=7=l===1==1=l===4=6==6=l====7=61 19,292 

No power............ 1, 614 ........................................................................... "· ....................•....... 

Steam power only: I I 
1-200. . . . . . . . . . . . 80 721 5, 783 5, 783 . 91 
201-500. . . . . . . . . . 22 307 6, 769 ·.6, 769 50 
501 and above. . . 3 515 1, 545 1, 545 11 

5,688 
6, 769 

. 1,535 

.13, 992 

~I 
:::1:0==1>-.=!_=_ ==-1=3==4:~:0~:::1:4:, 0:9:7~;1,:::1:4:, 0:9==7-J,--1-5-2 

Purchased electric I , 

95 ········ ........... ········ ········· 
0 

10 

105 

··~~~~~~~-::: "·i ~ •r:~~ ::::::::j:::::::: ::::: ::::: :::: ::: :::::::::::::::::::::::::: ::::::::::: ::::::::: 
12,610 4 s1,o1o -······-···1········ ........................................................... ~ 

201-500. . . . . . . . . . 11 321 3, 537 2, 856 25 2, 781 0 0 0 2 
501 and above. . . 7 1, 225 8, 578 _5, 375 13 2, 665 4 2, 150 0 7 

580 
75 

560 

All ~~~0-~~~-~r_::.... 291 23 6, 632 4., 2691 53 2, 071 I 1 10 179 1, 60g81 14 

------l-----l·-------l·-------------l-------------l--------l------l--------------1------
309 61 18,747 12,5001 91 7,5171 5 2,160 179 1,6081 ·23 1, 215 

=====1=======11=========1===============1==============1=========1=======1=================:====== 
Total power... 13, 024: 6 83, 914 26, 597 I 24:3 21, 509 I 8 2, 265 179 1, 608 I 23 I 1, 215 

====1======1========1============1==========1=======1=====1===========<====== 
Grand total.. .. 14,638 83,914 26,597 I 243 21,509 1'====8=

1
====2==, 2==6==5='==1==7=9='=====1==, 6==0==8=.1==2==3=·',===1,==2==15= 



. INDUSTR,Y IN rHE . SUPERPOWER ZONE •. 

by indust-ry subgroups, by ch~:acter of power .supply-Continued. 

Power-supply equipment-Continued. Electric motors. . .. Fuel used. 

, Operated by purchased energy. Coal. 

Total 
horsepower. 

10 

Electric motors. 

Number. 

17 

Horse
power. -

18 

Total. R~~t~J r~~~r~bn~h= ~----..,-------,--~--~ 
mont. Tota(' 

Other :· Bitumi- equivalent 
(horse- 1----..,.-----1------.,.--,.---1 AnthraCite nous (short bitnmi-
power). Number. Horse- Number. Horse- (longtons). tons). nous(short 

power. power. tons). 

19 20 21 22 23 24 25 26 

................................................................................................................................ 653 6,.546 7,088 

Coke 
(short 
tons). 

27 

0 

. . .......... .......... ............ ·········· 233 1,541 233 1,541 37,950 83,395 117,395 g 

: ::::::::::: :::::::::: :::::::::::: :::::::::::::::::::::::::: ::~::::::::::::::~:~:,,l:~-=~~-:=:-=~-~=-1~:,:·:::==2~:-~=~~~~~:~~~-:=:-:::=:~:-:~~~~:=·-=:-::1=:-~=1-~=:~-,l~~-=-~=6-25=7_:='-:=:~2~;',~~~~~~-:=-== 
6,344 
2, 78•l 
I, 131 

10,259 

6,344 1,524 6,344 ············ ············ 21,16.5 41,451 60,351 
2, 784 355 2, 784 3,188 21,546 24 406 
1,131 62 1,131 :::::::::::: ::::::::::::1 30 8,980 9:007 

226 
0 
0 

226 1,941 10,259 1,941 10,259 ............ ············ 24,383 . 71,977 93,764 
1======1=====1=======1=======1=======1======1=======1========1=======1====== 

2 053 298 1,695 358 351 2,515 53 820 21,300 56,367 75,467 0 
a;o59 338 2,839 220 451 · 3,817 113 978 43,171 58,249 97,049 91 
8, 2:12 ___ 79_2_i ___ 8_,_23_2_

1 
____ 

1 
___ 2_, 29_7_

1 
___ 29_,_8_I9_

1 
___ 1_,_w_5_

1 
___ 2_I_, 5_8_7_

1 
__ ....:6_7,_53_s_

1 
___ 2_76_,_93_1_

1 
__ a_a_7_, 53_· _1_

1 
____ 19_5 

1:{,344 1,428 12,766 578 3,099 36,15! 1,671 23;385 132,006 391,547. 510.,047 286 
1=======1======1=======1=======~1======1=======:1=======1=======1=======1======= 

I=====23='=M=3=l~===3,=3=69=l====23=·=,0=25=f======57=8=:=~==8=,6=8=4=l====79=,=6=54=l=====5=,=31=5=l====5=6~,6=29=l====4=28:'=8=18=l====944=.=''=52=7=l==1=,3=2=9=,2=1=4=l=====l=,2=1=5 
23,603 3,369 23,025 578 8,684 79,654 5,315. 56,629 429,501 951,073 1,336,302 1,215 

=====1=======11=====1=======1=======1=======1=======1=======1========1=======1====== 
.................................................................................................................................. 1,078 0 970 6 

8 216 8 216 6, 003 1.5, 133 20, 53.5 7 
317 1,957 317 1,957 18,747 29,347 46,219 0 :::::::::::: ::::::::::1:::::::::::: :::::::::: 1,100 9,398 . 1,100 9,398 58,19~ 19,538 71,918 17,408 

............... · ....... j ............. _, ____ -.. -.-.. -.-.1 ---1,_4_2_5 ·I---11...,..,-57-I-I---~-. 4-2-:5-l---1-1,_5_71_1 .. --82-,-94_5_1 ___ 6_4_, o-i-8-:--~-3-8,-6-72-l---1-7-, 4:-1-5 

2,g?f 1!8 2,g?f ~~g 2,g~f :::::::::::: :::::::::::: 1,61g ~:~~~ 1g::~ 
2,30'1 104 1---'2,_30_4_1 104 2,304 ............ ............ 0 6,224 6,224 

844 
0 
0 

844 5,900 630 5,900 630 5,900 ............ ............ 1,613 17,669 I 19,120 
'=====1======1=====~1~====1=======1=======1=======1=======1======:===~=1======= 

1,.578. 
1 251 

14:180 

17,009 

181 
99 

559 

839 

1,315 263 234 1,463 53 148 9,084 21,795 29,967 237 
1,251 0 136 1,704 37 453 2,695 20,950 23,330 0 

H, 180 0 1,028 . 29,045 469 14,865 31,761 48,918 77,484 0 
------l---------l-------·l--------l--------l·-------·l---------l-------l·--------

16, 746 263 1,398 32,212 559 15,466 43,540 91,663 130,781 237 

22,909 1,469 22,646 263 3,453 49,683 .1,9841 27,037 128,098 173,350 1 288,573 18,496 

22,909 1,·169 22,646 263 3,453 49,683 1,9841 27,037 129,176 173,350 1 289,543 18,.502 

............ · ................................ ' ...... : ............................. != .. =_= .. =_ :::::: .. = .. =_=_
1 

===2=,=28=2=l====41=.5=il::::2:, =46~==5:::::::=1=5 
482 

I, 534 
294 

2,310 

2,023 
2,662 

868 

4821 
1,534 

294 

2, 023 17, 978 21, 368 37, 568 
2, 662 12, 463 20, 437 31, 537 

868 572 4, 670 5, 1·85 

0 
0 
0 

0 .. . . .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. . .. .. .. . 5, 553 2, 310 5, 553 31, 013 46, 475 74, 290, 
=====I=======I===========I=======I=======I=======I=======<========F===== 

49,332 
l,g~g 

51,070 

39,645 
60 
49 

39, 7M 

49,332 
1,060 

678 
51,070 

======I======= I======= 

39,645 
60 
49 

39,75-l 

49,332 
1,060 

678 
51,070 

232,269 
511 

0 

232,780 

20,474 
592 

0 

21,066 

228,474 
1,055 

229, 52.6 

2, 366831 506 1, 602 761 668 2, 133 162 531 6, 559 11, 449 17, 349 
1R9 681 0 426 1, 620 237 939 3, .505 15, 858 19, 008 

3, 203 655 3, 203 0 1, 231 6, 328 576 3, 12.5 3, 080 34, 883 37, 663 

6, 247 1, 350 5, 486 761 2, 325 10,081 975 4, 595 13,144 62, 190 74, 0~0 

8,964 
0 
0 

8,964 

369 
0 
0 

369 

s7, 317 41, 104 w, 556 1 761 44, 389 66, 704 3, 285 10, 148 276,937 129, 731 377, 836 1 9, 333 
1========1=======1======1========1=======1=======:======:======= 

57, 317 41, 1o·1 .56, 556 1 761 44,389 66, 704 3, 28s 10, 148 279, 219 13o, 146 1 380, 301 1 9, 348 
=====~========:=====i======l:=======l=======l=======l=======l=======:=======:======= 
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b.O 

t·: 
1>-. 

~ 
't:l 
r:l 
~ 

1 

TABLE 46.-Mechanical j>ower-suppl_y equipment andfuel usea 

p:, 
'a 

Establishments. Power-supply equipment. 

A 
;;; 
.... Prime movers. 
Q) 

~ 
0 
A -. o .·.""' 

·Q) 

13 

Size of plant. I' 

Aver-
A~~:S~te Internal-com bus-(hqrsepower). Num- 'age size Steam engines. Steam turbines. tion engines . Water wheels. 

ber~ (horse- Total 
i><>'we.r). 

power. 
horse-

"" a .c: 
0 

power. Num• Horse- Num: Horse- Num- Horse- Num- Horse-
ber. power. ber. power. ber. power. ber. power . 

'2 ··3 4 5 - 6 7 8 9 10 11 12 13 14 15 

No power ........... . 
Steam power- only: 

1-200 ........... . 
201-500 ....... ~. ~ 
501.and above .. , 

151 ~~---···· ......... :. ·····'····· ...........................•.......... ········ ··········· ········ ~ 
!. I 

3

~ 1,-g~~ ::~~i ::?~ __ :...;.~-1---::_f_~~-1---~-1---1-'~-~-g-1:::::::: ::::::::::: :::::::t:::::::: 
32~ 1. 14,548 14,548 86 12, 807 5 1, 741 ................................... . 

=====1=====:=======:1=======1=====1=======:=====1=======1=====1=======1=====1====== 
•l5 

Purchased electric 
power only: 

1-200 .......... .. 9 5,436 
201-500 ......... . 314 1,883 
501 and above .. :···· 

582 
6 
5 1,013 5,064 

All other power: 
1-200 ........... . 
201-500 ........ .. 
501 and above .. . 

60 
13 
6 

79 

. 21 1 

44 
385 

2,238 

266 

12,383 

2,612 2,046 12 
5,000 

13,426 
2,992 13 
3,952 71 

21,038 8,990 96 

745 0 0 32 636 16 665 
2,225 2 300 0 0 4 467 
3,950 0 0 1 2 0 0 

6,920 2 300 33 638 20 1,132 

67 47,969 23,538 
Total P.ower ... ==7=1=7=l=====l=====l=====l 

182 19; 7271 7 2,o41 1 331 638 20 1,132 

47,969 23,538 182 19,727 z,o41 1 aa 1 638 . 20 1, 132 

I 
Grand totaL.. . 868 

======1======1=========1========1 

Steam power only: 
1-:200 ............ . 
201-500 ........ .. 
501 and above .. _ 

3 90 275 275 7 275 0 
1 450 450 450 1 450 0 

14 5,340 74,814 74,814 189 54,694 7 

0 .................................. .. 
0 .................................. .. 

20,120 ................................... . 

All other power: . 
201-500 .......... . 
501 and above .. . 

-1-sl 4,200 75,539 75,539 197 55,4J9j 

1 1 460 460 410 3 410 1 0 
8 13,480 107 ,_834 107,446 55 . 30,015 3 

9112,030 108,294 107,856 58 30,425 1 3 

---1·----: 
20,120 j ................................... . 

=====I==== 

ol o/ o o/ o 2, 900 39 74,405 4 126 
---1·----

2, 9oo 1 39 1 74,405 4 1 126 
===i===== 

z11 6,soo I 183,8331 183,395 255 85,8441 101 Total (power) . ===:=~==:=====:=====II===I:====:====:==2=3,=0=20=I 39 I 74,405 4 I 126 

0 1 ........ 1'···· ········ ......... ···~···· Steam power only: 
1-200............. 110 110 2 110 1 1 
201-500...... . . .. . 870 870 15 870 
501 and above... 185,261 185,261 513 151,013 

3 290 

Purchased · elect ric 
power only: 

1-200 ............ . 
201-500 .......... . 
501 and above .. -. 

All other power: 
1-200 ............ . 
201-500 .......... . 

40 4,630 
----~·---1·----:·----1 

186,241 1 186,241 5ao 151,993 1 441 4,240 

10 1521 2 356 
6 2,040 

181 804 

3 110 
5 370 

1,524 
712 

12,245 

14,4si j ........... 

331 235 
1,841 1, 728 

=====1======: 

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

4 235 
16 1, 728 

0 
0 

44 

44 

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

0 
16 

501 and above .. . 42 8, 780 368,772 301,739 597 199,964 1 · 94 

50 7,418 370,944 303,703 617 201,927 I 94 

571,666 1 489,943 1,147 353, 92o 1 138 

0 .................................. .. 
34,248 1.: ...... , ........... ········ ........ . 
34,2481 ........ , ................... 1 ........ . 

.···········1········ . ............... ········I== 

1, 72g l 0 0 0 0 
0 0 0 0 

41,093 1 25 59,747 1 8 935 

41, o9a 1 25 59,7471 8 935 

75,341 1 251 5!}, 747 1 8 935 Total (power). ==1=1=2=:1,=5=, 1=0=0=I=====:=====I 

.nv, Steam power only: I 
~g 501 and above ... ~=1=,3=4=3=l=====i=====i==== 

,,.,.I 2,6851 

I 
........... ! ......... 2,685 12 0 0 1 ........ ............. 

S ~ All other power: I g;;:, 501 and above ... __ a __ z_z_,so_7_
1 

___ _ 

j ~ Total (power). 5 14, 221 
~ g =====l====li======'======J:=== 

68,421 I 19,900 40 14,400 I 6 5,000 I 
MIDI 

0 0 

71,106 22,585 52 17,o85 1 6 5,ooo I .'}00- 0 0 
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by industry subgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 
Run by current gen-

t? Total. era ted in. establish-
Electric motors. ment. 

Total 
Coke 

Other (short 
Totnl (horse- Anthracite Bitumi- e~ft~~~1t tons). 

horsepower. power). (long tons). nous (short 

Number. Horse- Number. Horse- Number. ·Horse- tons). nous (short 
power. power. power. tons). 

16 17 18 19 20 21 22 23 24 25 26 27 

\ 

................. .............. ................ ............. .................. ................... ..................... ................. 309 60 338 4 

............... ............ .............. ............... 96 725 96 725 6,511 16,236 22,096 1,148 

............... ............. ................ ............. 205 1,145 205 1,145 1,522 23,770 25,140 1,458 

................... ............... ..................... ............... 776 7,102 t776 7,102 14,919 79,822 93,222 1,072 

................ .............. . ................ ............... 1,077 8,972 1,077 8,972 22,952 119,828 140,458 3,678 

5,436 2,~! 5,436 ............... 2,064 5,436 ................... . .................. 3,395 11,702 14,762 165 
1,883 1,883 ............... 154 1,883 .. ................ ................ 344 8,495 8,805 50 
5,004 396 5,004 ................ 396 5,064 . ................... ...................... 579 17,991 18,521 52 

12,383 2,614 12,383 ................. 2,614 12,383 . .................. .................. 4,318 38,188 42,088 267 

566 186 399 167 186 399 0 0 1,175 2,309 3,369 0 
2,00R 170 2,008 0. 195 2,167 25 159 8 27,838 27,845 53 
9,474 594 9, 474 0 597 9, 481 3 7 23,582 45,505 66,705 0 

12,048 950 11,881 167 978 12,047 28 1661 24,765 75,652 97,919 53 

24,431 3,564 24,264 167 4,669 33,4021 1,105 9,1381 52,035 233,668 280,4651 3,998 

24,431 3,564 24,264 167 4,669 33,4021 1,105 9,138 52,344 233,728 280,803 4,002 

................... ................ ................ .............. 2 100 2 100 0 744 744 54,977 

..................... .............. ............... .................. 0 0 0 0 0 1,500 1 500 75,000 

................ ............... .................. ............. 407 16,513 407 16,513 27,330 209,196 233;696 1,366,358 

................ ............. ............... ............. 409 16,613 409 16,613 27,330 2ll,440 ~35,940 1,496,335 

50 1 50 0 •1 ..I 0 0 0 1400 1,400 70,000 
388 8 388 0 306 65,055 298 64,667 13,186 60;614 72,414 1,604,486 

438 9 438 0 307 65,1051 298 64,667 13,186 62,014 73,814 1,674,.486 

438 9 4.18 0 716 81,718 707 81,280 40,516 273,454 309,754 3,170,821 

................. .............. .............. .............. 1 15 1 15 0 556 556 0 

................ ............. .............. ............ 101 1,480 101 1,480 148 23,540 23,674 3,497 

................ ................ .................. ............. 4,203 83,349 4,203 83,349 101,584 1, 434,581 1,526,007 19,507 

.............. ........... .............. ............ 4,3051 84,8441 4,305 84,844 101,732 1, 458,677 1 1,550,2371 23,004 

1,524 79 1,524 ............ 79 1,524 ................... ................. 141 1,417 1,543 276 
712 62 712 .............. 62 712 ............... .................. 81 73 146 0 

12,245 327 12,245 ............ 327 12,245 . ................ .................... 952 19,302 20,157 2,174 

14,481 468 14,481 .............. 468 14,481 ................ .................... 1,174 20,792 21,846 1 2,450 

96 13 96 0 13 96 0 0 0 2,400 2,400 2,000 
113 11 113 0 55 357 44 244 150 19,920 20,065 926 

67,033 5,583 66,783 250 18,236 412,418 12,853 345,635 418,215 2,047, 270 2,~,668 60,313 

67,242 5,607 66,992 250 18,304 412,871 12,697 345,635 418,365 2,069, 590 2,446,123 63,244 

81,723 6,075 81,473 250 23,077 l 512,196 17,002 430,723 521,271 3,549,059 4,018, 206 88,698 

............... .............. ............. ............. 264 11,531 264 11,531 23,178 6,994 27,794 1,602 

48,521 2,396 48,521 0 0 3,660 73,835 1,264 25,314 9,620 209,735 218,385 18,778 
.. 

48,521 2,396 48,521 0 3,924 85,366 1, 52~ 36,845 32,798 216,628 246,179 20,380 
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100 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

1 

~ 
::l 
~ 

2 

Size of plant 
(horsepower). 

3 

Establishments. 

Aver- A t 
Num- agesize ~ega e 
· ber. (horse- orse-

power). power. 

4 5 6 

Total 
horse
power. 

7 

TABLE 46.__:_Mechanical power-supply equipment anif,juel used 

Power-supply equi~ment. 

Prime movers. 

·steam engines. Steam turbines. 

Num- Horse- Num- Horse-
bar. power. ber. power. 

8 9 10 11 

Internal~ombus
tion engines. 

Num- Horse-
bar. power. 

12 13 

Water wheels. 

Num- Hon~e-
ber. power .. 

.14 15 

No power ........... . 407 ........................................................................................................................................................................ 

Ste.am power only: ' 
535 1-200............ 452 71 32, 166 32,166 31,713 9 453 

201-500. ········· 87 333 29,030 29,030 174 27,045 16 1,985 
501 arid above... 72 1, 920 138,052 138,052 . 337 70, 878 79 67, 174 ................................... . 

----~1------1---------1---------1------l--------1------1--------l------1--------l------
611 326 199,248 199,248 1,046 129,636 . 104 69,612 

=====1====1===~===1===~====1===== ======='========1======:===== 
Purchased electric I · . . 

po~f~fr~~~:~~~ ~: --:-: ~-t-!_1 __ 1_·:-:-!-~--~-:-:-:!-~-:+:-: :_:_: :-:-::-:-: :+:-· :-:-::_·_:: :::::::::::1:::::::: ::::::::: ·: :::::::: ::::::::::: :::::::: ::::::::: 
A:ll other power: 

I-200 .. .": ........ 1;341 .40 54,293 38,753 319 16,741 7 286 960 I5,827 167 5,899 
20I-500. ········· I65 320 52,501 32,872 215 24,069 12 785 56 2,978 75 5,040 
501 and above... 155 2,290 354,363 208,708 465 1~1,465 54 77,578 63 10,622 71 9,043 

-------------~~-I--------1------I--------I------I--------I---·---1--------1------I!------
I, 66I 278 46I, I57 280,333 999 I52, 275 73 78,649 I, 079 29,427 313 i9, 982 

====1======1 
Total power ... · 6, 218 148 9I9, I 50 479, 58I 

1

=2=, 04===5=l====28=1=, 9=1=1=l 177 I48, 261 =1=, 0=7=9=l==2=9=, 4=2=7=I==3=1==3=I==I9='=9==82= 

Grand total.... 6;625 919,I50 479,58I. 2,045 28I,911 177 I48,26I I,079 29,427 313 I9,982 
=====1=====1======1======1==== ====1======1====1===== 

No power ........... . 

Steam power only: 
I-200 ........... . 
20I-500 ....... ---

I07 

I,'090 
9 

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

38 
314 

40 

.......... · .................................................. ········ ................................ . 

~ All other. power: 
466 

I5 
5 

- 44 20,476 19, 68I 103 . 4, 032 I 25 211 4, 557 364 11,067 ~ I-200 .... ·.-.- .. -.. 
20I-500 ....... --. 
50 I and above ... 

278 4, I79 3, 407 I6 2, 260 0 0 9 423 I4 724 
806 4, 03I 3, 896 54 2, 786 2 700 3 IO 2 400 

486 59 28,686' . 26,984 173 9,078 3 725 223 4,990 380 I2,I91 
=====1========1=======1========1 

Total power ... =I==, 6=4=I=I===4==6 =l==7=6'=, 22=2 =I==7==I,=2=88=I==I,=3==80=I==53=, 0=2=2=I====I==I =I===I,=08=5=I==2=2=3=I===4==, 9=9=0=I==3=8=0=i==I2='=19=1== 
Grand total.... I, 748 76,222 71,288 1,380 53,022 11 I,085 223 4,990 380 12,191 

===I==== I 

No power .......... ·. 803 ............................................................................ ··········· ............................................. .. 
Steam power only: 

1-200. . . . . . . . . . . • 509 84 42,695 42,695 
201-500 .. -....... 81 303 24,502 24,502 
591andabove ... ____ 2_4_

1 
___ 8_9_o_

1 
___ 2_1_,3_4_o_

1 
___ 2_I_,340 ___ f 

. 614 144 88,537 88,537 

549. 42,255: 5 440 .......... -.......... -·· ............ . 
121 24,242 2 260 ................... ········ ......... . 

77 . 11, 835 . ____ 8_
1 
____ 3 ,_50_5_ ................................... . 

747 ·81,332/ 15 4,205\ ................... ! ................ . 
Purcl;lascd electric 

po\\'er only: 
1,.200 ............. 1,621 24 39,653 
201-500 ........ -. 30 196 . 8, 867 ......... -... -- ..... - ......... · ... -... - ........... -.-.-- ....... -.............. -.- .... . 
501andabove... 4 743 .2,973 .................................................................................... . 

------1------1·--------1·-------1 
=I==, 6=5==5=l=====3=1=!==5==1;,' 4=9==3=l=· ·=· ==· ·=· =· ·=·=· .

1 
........................................................ -I· ............... . 

All other power: I · · · I = 
1-200 .. ·········· 7231 . 44 32,072 23,888 225 13,524 2 30 327 4,834 178 5,500 
201-500.. ........ 60 296 17,764 12,372 84 10,859' 0 . 0 5 114 27 1,399 
501 and above... 17 845 14,445 10,320 57 9,548 1 150 2 9 6 613 

800 I 80 I 64,28I 46,580 366 33,931 180 334 4,9571 2U 7,512 
====='======:=======d======~l=====!l========l=====l======: 

Totalpowcr. .. 3,069J 66/ 204,311 I35,117 1,1131118,263 18 4,385/ 334 4,957/ 211 7,5~2 

Grand total. .. =3=, 8=7==2=.
1

=. ·=·=· ·=·=· =-1.,==2=0=!=, 3=I=I=1===I=3=5=, 1=I=7='===1='=I=1=3='==1=I=8,=2=63=''= = I8J.. 4, 385 J 334 4, 957 J 211 7, 5I2 

•· 
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by industry subgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. 
Run by current gon-

era ted in establish-
Electric motors. ment. 

Total 
Coke 
(short 

Total Other Anthracite. Bittimi- e~ft~~~~t tons). : 

horsepower. (horse- (long tons). nous (short 
power). Horse- Horse- tons). nous(short 

Number. Horse- Number. Number. tons). power. power. power. 

-
16 17 18 19 20 21 22 23 24 25 26 27 

.............. .......... .. ................ . ......... .. ................ .................... .. .................. .................. 4,230 3,30-l 7,114 1,077 

::::::::::::::::::::::1::::::::::: . 
............... 1,213 8, 713 1, 213 8, 713 69,628 153,924 216,564 48,561 

1,900 19,738 1,900 19,738 40,664 105,987 141,987 24,465 
9,491 133,800 9, 491 133,800 243,808 598,265 817,865 113,638 

12,604 162,251 12,604 162,251 354,100 858,176 1,176,416 186,664 

95 580 13,971 95,580 ............. 13,971 95,580 ............... ............... 66,177 102,742 162,242 109,625 
44:489 4,158 44,489 .............. 4, !58 44,489 ................ .............. 24,835 58,478 80,778 31,114 

118,676 10,144 118,676 . .. . .. . .. . ~ .... 10,144 118,676 ................... ............... 32,453 147,478 176,578 63,708 

258,745 28,273 1 258,745 ................ 28,273 258,745 .................. .................. 123,465 308,698 419,598 204,447 

15,5-JO 1,654 13,033 2,507 2,331 17,617 677 4,584 43,195 101,056 140,056 38,735 
19,629 1, 726 19,454 175 2,686 30,564 960 11,110 40,088 137,558 173,558 39,182 

145,655 9,093 ~45, 455 200 14,068 206,497 4,975 61,042 152,280 931,306 1,068,000 95,199 

180,824 12,473 177,942 2,882 19,085 254,678 6,612 76,736 235,563 1, 169,920 1, 381' 614 173,116 

439,ij69 40,746 436,687 2,882 59,962 675,674 19,216 238,987 713,128 2,336, 794 2,977,628 564,227 

439,569 40,746 436,687 2,882 59,962 675,674 19,216 238,987 717,'358 2,340,098 2, 984,744 565,304 

................ ............ ············ ........... .............. ············ ············ .............. 0 1,105 1,1051 0 

············ ·········· .............. ............... 10 65 10 65 1,012 2,183 ~,090 20 
................. ............ ................. ................. 20 415 20 415 0 1,897 1,897 89 

.................. ................ .................. .............. 30 480 30 480 1,012 4,080 4,987. 109 

2,475 116 2,475 ................ 116 2,475 .................. ................. 11 100 110 0 
757 64 757 ............. 64 757 .................. ................ 0 0 0 0 

-
3, 2.12 180 3,232 .............. 180 3,232 ................ .................. 11 100 110 0 

795 3\1 7:!0 65 45 750 6 20 109 184 292 0 
772 99 772 0 135 1,052 36 2SO 0 I, 705 I, 705 0 
135 13 135 0 146 2,341 133 2,206 25 12,054 12,076 166 

.1, 702 151 1,6:37 65 326 4,143 175 2,506 134 13,943 14,073 166 

4,9341 aa1 4,8691 65 536 7,855 205 2,986 1,157 18,123 19,110 1 275 

4,934 3:H 4,869 65 536 7,8.'55 205 2,986 1,157 19,228 20,275 275 

................ ............ ................. ................ . ............... . .............. .................. ................. 3,096 1,405 4,195 1 

................ ............. ............. ............. 409 3,186 409 3,186 35,521 75,896 107,8641 864 

................ ............. .................. ........... 1,100 9,068 1,100 9,068 6,057 87,439 92,894 1,220 

.............. ............ ................ .............. 888 9,661 888 '9,661 4,665 44,477 48,675 1,242 

................. ............. . .................. .. ............. 2,397 21,915 2,397 21,915 46;243 207,812 249,4331 3,326 

39,653 6,406 39,653 ............ 6,406 39,653 .............. ................ 13,779 13,524 25,926 'i,636 
8,867 961 8,867 ................ 961 8,867 ................ .............. 897 1,629 2,437 3,oog 
2,973 320 2,973 ............ 320 2,973 .................... .................... 870 2,294 3,077 

51,41}3 7,687 51,493 ............. 7,687 51,493 ................ ................. 15,546 17,447 31,440 4, 735 

8,184 864 i'i,IH 3,070 1,098 6,608 234 1,494 9,962 31,947 40,947 1,141 
5,392 5!H 5,142 250 823 7,910 319 2, 768 3,262 25,239 28,174 1,67g 
4,125 318 4,125 0 722 7,937 404 3,812 7,215 41,888 48,379 

17,701 1,686 14,381 3,320 2,643 22,455 957 8,074 20,439 99,074 111,soo 1 2,819 

69, 194 9,373 65,874 3,320 12,727 95,863 3,354 .29,989- 82;2281 324,333 398,3731 10,880 

69,194 9,373 65,874 3,320 11,121 1 95,863 3,35! 29,989 85,324 1 325,738 402,5681 10,881 
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A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

i Establishments. 

I 
I 

Size of plant I 
(horsepower). Num-

. ber. 

3 4 

Aver- A 
age size ~~~~~te 
(horse- power 
power). · 

5 6 

Total 
horse
power. 

7 

TABLE 46.-Mechanical power-supply equipment andjuel used 

Power-supply equipment. 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
her. power. ber. power. 

8 9 10 11, 

Internal-combus
tion engines. 

Num- Horse-
her. power. 

12 13 

Water wheels. 

Num- Horse-
ber. power. 

14 15 

---I----~----------·JI·----------1-----,---1-------- ------1--------1------l--------l------l--------l------
l . 

Nopower ........... ,~ ....................................................................................................... . 

1-200 ........... _, 69 98 6, 710 . 6, 710 82 6, 510 4 200 .................. ·I· ............... . 
201-500 ......... .I 27 291 7, 895 7, 895 56 7, 595 3 300 ................................... . 

501andabove... 1:: 1,::: :::::: :::::: 1:~ ~::~:: ~: ::::: ~~~~~~~: ::::~~:::::1:::::::: ::::~~~:: 
Purchased electric 

power only: 
1-200 ....•....•.. 
!il01-500 ......... . 
501 and above .. . 

All other power: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

94 
12 
2 

108 

55 
383 
586 

101 

1;!~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::\:::::::::::::::: 
10,899 ..................................................................................................................................... 

=====1=====1=========1=======1 
6, 061 4, 230 55 4, 017 0 0 

14,772 9, 819 82 9, 155 0 0 
19, 808 8, 047 32 7, 500 0 0 

63 96 
50 295 
18 1; 100 

5 73 3 140 
3 335 4 329 
1 20 5 527 

------1-------1· 
131 310 40, 641 22, 096 169 20, 672 0 0 9 428 12 996 

1=====1======1===== 
Total power... 352 250 87, 929 58, 485 356 47, 924 22 9, 137 

=====1=====1,=======1======1=====1=======1=====1======1= 
1=====11====1==== 

9 428 12 996 

Grand total.... 366 87, 929 58, 485 356 47, 924 22 9, 137 
===I==== I 

9 428 12 996 

No power ........... . 521 ............................................................................................................. ·------- ................ ·····.··· ............ .. 

Steam power only: 
1-200. . . . . . . . . . . . 151 84 12,629 12, 629 163 12, 629 0 0 
201-500... . . . . . . . 19 320 6, 095 6, 095 32 6, 055 1 40 ................................... . 
501 and above... 8 1, 827 14,620 14,620 19 5, 025 10 9, 591) ................................... . 

------1------1~------1-------1-----l-------l------l--------l------l--------l------l-------

Purchased electric 
power only: 

1-200 ........... . 
201-500 ... ······· 
501 and above ... 

All other power: 
1-200 ... ········· 
201-500 ......... . 
501 and above .. . 

178 187 33, 344 33, 344 214 23, 709 11 9, 635 ................................... . 

1, 750 
20 
5 

11 
293 

1,058 

18,799 
5,863 
5,289 

'===1====1 

------------------ ----11------1----1-------1---- ----------------
1, 775 

367 
30 
5 

402 

==1=7=!====29='='=9a="1=l:·=·=· ·=·=· =· ·=·=· .1 ......................................................................... . 

33 12, 174 3, 522 44 2, 488 
312 9, 352 6, 605 38 4, 670 

1, 066 5, 331 2, 505 11 2, 505 

0 
7 
0 

0 
1,355 

0 

. 67 26, 857 12, 632 93 9, 663 1, 355 

75 
0 
0 

75 

871 
0 
0 

871 

9 
6 
0 

15 

163 
580 

0 

743 
1----=---1 

743 Total power... 2, 355 38 / 90, 152 45, 976 307 33, 372 18 10, 990 
~===,1====:===~=1======!=~~ 

871 75 15 

743 Grand total.... 2, 876 90,_152 45, 976 307 33, 372 18 10, 990 
=====1====1=======1=======11=====1======1=====1=======1 

75 871 15 

Steam power only: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

Purchased electric 

10 
17 
33 

60 

172 
345 

2,050 

1,258 

1. 720 
5,876 

67,879 

75,475 

1, 720 
·5,876 
67,879 

75,475 

18 
46 

251 

315 

1, 720 
5,376 

52,461 

59,557 

0 
2 

20 

22 

0 
500 

15,418 

15,918 .................................................... 

power only: 
1-200. . . . . . . . . . . . 3 136 409 
201-500. ~- ....... 3 347 1,040 ............................... ······· ··········· ................................... . 
50landabove. .. 5 1,009 5,047 ................................••................................................... 

All other power: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

Total power ... 

------1-----l--------1--------1· 
11 590 1 6,495 .................................................................................... . 

,=====1=====:===~=1======!==== 

33 
55 

138 

204 
338 

2, 700 

6, 737 
18,596 

374,782 

226 1, 770 400, 115 

297 1 1, 62o 1 482, o86 

6,624 
16,023 

327,901 

55 
82 

633 

4, 204 0 0 0 0 50 2 420 
9, 208 1 150 4 50 89 6: 615 

111, 85S 38 21,988 11 1, 746. 543 192,309 
------1--------1· 1--------·1-------1------

350, 548 770 125, 270 39 22, 138 15 1, 796 682 201, 344 
=====1========1=====:======11======:=========1======1====== 

426, o~3 1 1, o8s 184, 827 61 1 38, o56 15 1 1, 796 682 201, 344 
1====='======1===== 



INDUSTRY IN THE SUPERP.OWE;R ZONE. 103 

by industry subgroups, by character of power supply-Continued. 

' 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchnsod energy. 

R~t~d f;{r!:fabl~ih_-
Coal. 

Total. 
ment. 

Coke Electric motors. Total 
Other Anthracite Bitumi- e~ft~~t 

(short 
Total tons). 

horsepower. (horse- (long tons). nous(short 
Horse- power). Number. Horse- Number. Horse- tons). nous(short 

Number. power. power. power. tons). 

1U 17 18 19 20 21 22 23 • 24 25 26 27 

.............. ........... ................. .............. .................. ................. ................... ................... 925 762 1,594 94 

................ ........... ................. .............. 60 713 60 713 3,916 30,564 34,092 0 ............... ................ .................. ............... 96 937 96 937 9,871 62,323 71,323 0 

.............. ............ .................. .............. 1,698 23,541 1,698 23,541 26,609 170,468 194, 417 58 

.............. .............. ............... ............... 1,854 25, 191 1,8~4 25, 191 40,396 263,355 299,832 58 

5,123 603 5,123 ................. 603 5,123 .. ................... .................... 2,586 20,505 22,835 2,000 
4,603 337 4,603 .............. 337 4',603 ................... ...................... 497 21,270 21,720 200 
1,173 32 ~· 173 ................ 32 1,173 .................. ...................... 0 1,802 1, 802 0 

10,899 972 10,899 ................ 972 10,899 ............... . .............. 3,083 43,577 46,357 2,200 

' 
1,831 130 1,468 363 175 2, 006 45 538 4, 243 22; 795 26,611 
4, 953 354 4, 953 0 483 6,656 129 1, 703 14, 558 53,215 66,319 60 

11,761 545 11,761 0 810 14,344 265 2, 583 14,943 ,47,673 61,119 8 

18,545 1,029 18, 182 363 1,468 23,006 439 4,824 33,744 123,683 154,049 68 

29,444 2,001 29,081 363 4,.294 59,096 2, 293 30,015 77,223 430,,615 500,238 2,326 

29,444 2, 001 29,081 363 4,294 59,096 2,293 30,015 78,148 431,377 501,832 2,420 
= 

.............. ................ .. ................. ................... .. ..................... .. .................. .. ...................... .. ................. 1,153 470 1,505 1 

.................... ................... ................... ................. 456 2,409' 456 2,409 17,223 44,372 59,872 443 

.................... ................ . .............. .. ........... 403 2, 701 403 2, 701 8,422 13,427 20,987 0 

............... .............. .. .................. .. ............... 1,838 9,948 1,838 9,948 12,029 62,528 73,328 0 

................. ............ ................ ............... 2,697 15,058 2,697 15,058 37,674 120,327 154,187 443 

.. 
18,799 5,007 18,799 ................ 5,007 18,799 .................... .................... 15,352 26,721 40,621 207 
5,863 1,215 5,863 ................ 1,215 5,863 .................. .................. 3,852 11,317 14,777 0 
5,289 607 5,289 ............... 607 5,289 ................... ................... 1,885 7,340 9,030 0 

29,951 6,829 29,951 ................ 6,829 29,951 .............. · ....... ................ 21,089 45,378 64,428 207 
v 

8,652 605 2,650 6,002 675 2,946 70 296 2, 715 13,143 15,403 195 
2, 747 533 2, 747 0 649 3,612 116 865 3,680 . 27,793 31,103 0 
2,826 308 2,826 0 333 3,283 25 457 2,896 8,642 11,242 0 

......:.......__ 
14,225 1,446 8,223 6,002 1,657 9,841 211 1,618 9,291 49,578 57,748 195 

4.4,176 n 8,275 38,174 6,0021 11,183 54,850 2,908 16,676 68,054 215,283 276,363 845· 

44,176 8,275 38,174 6,0021 11,183 54,850 I 2,~8 16,676 69,207 215,753 277 ~868 846 

............... ............ .. .................... 2 159 2 159 5,175 4,968 9,618 0 

............. ............ ................ .................. 34 1,013 34 1,013 8,871 73,891 81,&,'il 0 

............... ................ ................. ................. 757 11,392 757 11,392 36,313 677,183 709,783 1,318 

.................. ............. . ............... .................. 793 12,564 793 )2,564 50,359 756,042 801,25e 1,318 

<:> 

409 39 409 ................. 39 409 ....................... ................... 4,.264 2,000 5,840 0 
1,040 26 1,040 ................ 26 1,040 .................... ................... 652 2,555 3,140 0 
5,047 102 5,047 ................. 102 5,047 ................. ................... 0 31,788 31,788 0 

6,496 167 6,496 ................. 167 6,496 .................... ....................... 4,916 36,343 40,768 0 

113 6 113 0 19 255 13 "'I 11,613 35,348 45,848 0 
2,573 124 2,57:3 0 174 3,366 50 793 15,851 78,855 93,055 522 

46,881 1,542 45,371 1,510 3,202 89,697 1,660 44,326 463,652 849,164 1,266,164 8,173 

49,567 1,672 48,057 1,510 3,395 ~3,318 1, 723 45,261 1 491,116 963,367 1,405,067 . 8,695 

56:063 1,839 54,553 1,51~ 4,355 112,378 1 2,516 57,825 1 546,391 1, 755,752 2, 247,087 10,013 



104 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

1 

.. Establishments. 

Size of plant Aver-
(horsepower). Num- agesize A~egate 

ber. (horse- orse-
power). power. 

2 3 4 5 6 

Total 
horse
power. 

7 

TABLE 46.-Mechanical. power-supply equipment and fuel used 

Power-supply equipment . 

Primo movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
bar. power. ber. power. 

8 9 10 11 

Internal-combus
tion engines. 

Num- Horse-
her. power. 

12 13 

Water wheels. 

Num- Horse-
bar. power. 

14 15 

No power ........... . 95 ........................................................................................................ . 

Steam power only: 
1-200 ........... . 
201-500 ........ .. 
501 and above .. . 

50 63 3, 164 3, 164 52 3, 024 2 140 
13 312 4, 055 4, 055 25 4, 055 0 0 
u 1 1,303 14,329 14,329 32 7,557 16 6,112 

==7=4=1::==290==I==2=1=, 54=8=l==2=1=, M=8l ==1=09=l:==1=4=, 63=6=l===1=8=l===6=, 9=1=2=l= .. =·=--=·=-- ........................... . 
Purchased electric 
· power only: 

1-200 .......... .. 
201-500 ........ .. 
501 and above .. . 

807 18 14, 195 

1~ ~ 3,~ 

818 22 18, 069 ===1=====1=====1== .. =·=··=·=--=·=-·1: ................................................... ;,·· ............................................... .. 

All other power: 
1-200.. .. .. .. ... . 129 37 4, 758 3, 364 34 1, 931 0 0 64 919 12 
201-500. ......... . 12 337 4,048 2,630 15 1,956 1 35 1 4 7 

514 
635 
350 SOland above... 5 1,493 7,464 4,501 11 2,651 1 1,500 0 0 3 

-----1·-----1-----~-l--------1 1--------1------1------
146 112 16, 270 10, 495 60 6, 538 2 1, 535 65 923 22 1, 499 

======:======1,========1========1======!=======~ :=====l======l========i====== 
Total power ... ==1=, 03=8=l===54=l:==5=5=, 88=7=l==3=2=, 04=3l ==1=6=9='i==2=1=, 1=7=4=1 20 8, 447 65 923 22 1, 499 

65t
=====l====l===== 

Grand total .... 1,133 55,887 32,043 169 21,174 20 8,447 923 22 1,499 
i===l===l==== 

Nopower .......... .. 2,504 ........................................................................................................................................................... 

Steam power <!nly: 
1-200......... ... 55 53 2, 927 2, 927 60 2, 917 1 10 
201-500.. . • .. .. .. 14 312 4, 371 4; 371 30 4, 146 1 225 
501 and above... 12 1, 150 13,794 13,794 47 13, 574 2 220 .................................. .. 

----------1-------1-------1------1-------11-----l--------l------l--------l------l------
81 'I 261 21,092 21, 092 137 20, 637 4 455 ................................... . 

===I=== I 
Purchased electric 

_power only: 
1-200...... .... .. 6,333 15 97,799 
201-500.. ........ . 42 297 12,531 
SOland above... 17 1,040 17,781 ................................................................................... .. 

------:------1~-----1·-------1 
6,392_1 20 128,111 .................................................................................... . 

=====:=====1========1=======1 
All other power: I 

1-200.. .......... 462 17 7,980 4,953 
201-500 ......... - 12 273 3, 284 1, 560 

• 501 and ~~obove. _. · 9 888 7, 989 4, 105 
------:~----1--------1-------1 

46 
10 
28 

2,~ 5 ~ ~ 2,~z~ 1~ ;g~ 
3,805 1 200 1 100 0 0 

7, 223 ---3-l------:2-4_2_1 339 2, 466 24 687 · · 4sa 1· :w 19, 253 10, 618 84 

27, 860 7 697 339 2, 466 • 24 687 
=====1========11=====!=======1=====1===== 

Total power.. . 6, 956 I 24 168, 456 31, 710 
~==::=======1==~===1==~==1 

221 

Grand total.... 9,460 ,........ 168,456 31,710 221 27, 860 697 339 2, 466 24 687 

No power .......... .. 121 ............................................................................................... ~ 
Steam power only: 

1-200............ 77 87 6, 715 6, 715 150 6, 570 2 145 
201-500.. ........ 37 338 12,515 12,515 198 12,027 6 488 ................................... . 
501 and above... 46 1,245 57,296 57,296 390 55,502 15 1, 794 .................................. .. 

------l------l-------1·-------1------l--------1------l~-------l------l--------l------l------

160 480 76, 526 76, 526 738 74', 099 23 2, 427 ................................... . 
=====1====1=======!:==~==1======1=======1=====1=======1 

Purchased electric 
power only: 

ioi~<i-above::: 91~ 5~ 4'~~ ::::::::::: :::::::: ::::::::::: :::::::: ::::::::::: :::::::: :::::::c:::: :::::::: ::::::::: 

All other power: 
1-200 .......... .. 
201-500 ......... . 
501 and above .. . 

-----1·-----1--------1·-------1 
916 6 5,479 ................................................................................... .. 

====:1=====·1======1======1 

170 
40 
17 

227 

34 5, 826 4, 544 115 3, 958 1 5 96 554 20 27 ' 
327 13, 071 10, 841 234 10, 490 2 150 6 160 13 41 
770 13,032 9, 851 138 9, 245 3 6 0 0 1 600 

------1·-------il-------1 ------l--------l------l--------l-----l------
140 31,929 25,236 487 23,693 6 161 102 714 34 668 

=====1======1=======·=======1======1=======1 ====='========1=====:====== 
Total power ... =1=, 3=03=l===8=8=l==1=1=3=, 9=34=1 101,762 ==1=, 2=25=l==9=7=, 7=9=2=l===29=l==2=, 5=88='==1=0=2 '===7=1=4=l===3=4=:'==<!=68= 
GrandtotaL .. 1,424 113,9341 101,762 1,225 97,792 29 2,5881 102/ 714 34/ 6681 

=====:======1=====1==================1=====:======= 



INDUSTRY IN THE SUPERPOWER ZONE. 105" 

by industry subgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. R~~t~d rnur~::b~= 
Electric motors. ment. 

Total 
Coke 

Other (short 
Total (horse- Anthracite Bitumi- e~ivalent tons). 

nous (short itumi-horsepower. power). (long tons). tons). nous(short 
Number. Horse- Number. Horse- Number. Horse- tons). power. power. power. 

16 17 18 19 20 21 22 23 24 25 26 27 

············ ........... .............. .......... ············ .. ........... ............. ............ 155 301 441 0 

············ ........... ············ ·········· 188 786 188 786 8,502 10,895 18,545 200 
············ ........... ............. .. ......... 800 2, 727 800 2, 727 7,896 13,604 20,704 0 

············ ............ ······.······ ·········· 1, 551 9,338 1,551 9,338 36,131 47,028 79,528 576 

············ ........... ............... ·········· ""2,539 12,851 2,539 12,851 52,529 71,527 118,777 776 

14,195 5,028 14, 195 ·········· 5,028 14,195 ············· ............. 10, 177 19,755 28,955 89 

3,g~~ 478 3,m ........... • 478 3,028 ············ .............. 590 2,837 3,367 75 
56 ............ 56 846 ................. ................ 0 0 0 0 

18,069 5,562 18,069 ............ 5,562 18,069 ............... ................ 10,767 22,592 32,322 164 

1,394 228 1, 018 376 461 1,525 233 507 4,403 9,503 13,463 3 
1,418 320 1, 418 0 528 2,030 202 612 1,167 7,972 9,022 370 
2,903 206 2,963 0 256 3,618 50 655 2,359 12,343 14,463 0 

5, 775 700 5,399 376 1, 245 7,173 485 1, 774 7,929 29,818 36,948 373 

23,844 0,322 23,468 376 9,346 38,093 3,024 14,625 71,225 123,937 188,0471 1, 313 

23,844 o,a22 23,468 376 . 9,346 38,093 3,024 14,625 71,380 124,238 188,488 1,313 

................. ................ ................. ................. ................... .................. .................... . ................. 2, 735 414 2,874 4 

................... ............ ............... ............. 136 433 136 433 9,098 8,934 17,114 0 

................ .............. ............... .............. 814 3, 718 814 3, 718 12,513 9, 887 21,172 1,sog .................. ............... ................... ................ 2,318 10,885 2,318 10,865 35,672 17,525 50,225 

................. ............... ................. .............. 3,268 15,016 3,268 15,016 57,283 36,346 88,511 1,500 

97,799 36,517 97,799 ............ 36,517 97,799 .................. ................. 37,447 14,867 46,867 343 
12,531 3,236 12,531 ............. 3,236 12,531 .. ................ .................... 4,366 1,332 5,257 0 
17,781 2, 786 17,781 ............... 2, 786 17, 781 ................. ................. 12,402 1,554 12,724 0 

128,111 42,539 128,111 ................ 42,539 128,111 ..................... .................... 54,215 ·17, 753 64,848 343 
.. 

3,027 650 2,403 624 776 2,601 126 198 1~27·1 6,381 15,031 3 
1, 724 411 1, 724 0 474 1,924 63 200 6, 763 2,915 9,005 2 
3,884" 1,070 3,884 0 . 2,563 8,165 1, 493 4, 281 16,217 10,617 25,227 0 

8,035 2,131 8,011 I 624 3, 813 12,690 1,682 4,679 33,2551 19,913 49,863 5 

130,740 44,670 136,122 624 49,620 155,817 4,950 1 19,695 144,753 1 74,012 203,222 1,848 

130,740 44,670 136,122 624 49,620 155,817 4,950 19,695 147,4881 74,486 206,096 1, 852 

................. .............. .................. ............... ...................... .................... ..................... .. .................... 4931 2,610 3,053 0 

............... ............... ................. 254 1,221 254 1,221 44,665 36,511 76,711 16 

.............. .............. ................... ............. 634 3,318 634 3,318 33,910 55,811 86,311· 869 

................. ............ .................. ............... 1, 769 12,233 1, 769 12,233 140,003 174,410 300,410 989 

.................. ............... ................ ............ 2,657 16,772 2,657 16,772 218,578 266,732 463,4321 1,879 

4,954 2,002 4,954 .............. 2,0~~ 4,954 ................. ............... 10,696 17,519 26,869 2,267 
525 58 525 ................. 525 .................... ...................... 0 3,654 3,654 0 

5,479 2,120 5,479 .............. 2,120 5,479 ................... .................... 10;696 21,173 30,523 2,267 

1,282 289 1,273 9 297. 1,302 8 29 29,389 27,058 53,358 0 
2,230 308 1,960 270 483 2,658 115 698 45,732 40,098 81,298 0 
3,181 340 3,181 0 489 4,455 149 1,274 40,200 38,388 74,588 999 

0,6()3 997 6,414 279 1,269 8,415 272 2,001 115,321 105,544 209,244 999 

12,172 a, 117 11,893 279 6,046 30,666 2,929 18,773 344,595 393,449 703,199 5,140 

12,172 :3,117 11,893 279 6,046 30,6661 2,929 Q 1~, 773 345,088 396,0591 . 706,252 5,140 



106 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOpTON AND WASHINGTON. 

I 
j 

Size of plant 
(horsepower). 

Establishments. 

Aver-
Num- agesize A1f'egate 
ber. (horse- orse-

power). power. Total 
horse
power. 

TABLE 46.-Mechanical power-supply equipment andfuel used 

Power-supply equipment. 

Prilne movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
her. power. ber. power. 

Internal-com bus
t ion engines. 

Num- Horse-
bar. power. 

'Vater wheels. 

Num- Horse-
bar. power. 

---1·---l-----------l·-----------l-------·l-------·l----- -------1·-----------------1-----------------

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

----1----~---------1-----l·-----1-------1-------------1------------ -------------1-------1·-----

Steam power only: 
301-500-......... 1 405 405 405 8 405 0 0 
5Jlandabove .•. 4 4,289 17,157 17,157 63 7,587 38 9,570 .................................. .. 

1------1·-----1---~---1 ------1--------1------l--------l------l--------l-~---l------

!===5=1==3=,5=1=2::1==1=7=,5=6=2::1==1=7=,56=21 ==7=1=:===7=,99=2::!: 38 9,570 =··=·= .. =·=·=·:=··=·=··=·=·=··=·=·I=··=·=··=·=·=·!=""=·=··=·=·=·· 

":'~~~~=~- 3 4,255 12,705 .................. / ................. : ............ ~------1-- ..................... . 
=====1=='====1:=======1======1===== 

Other j:,ower: I I I 50fandabove... 2 4,710 9,419 3,170 44 1,450 15 1,720 o o ___ o ______ o_ 

Total power... 10 3, 975 39,746 20,732 115 9, 442 [;3 11,290 0 0 0 0 

Steam power only: 
1-200. .. .. .. .. .. . 2 74 148 148 3 140 1 8 
201-500.......... 4 378 1, 513 1, 513 19 1, 495 3 18 
501andabove ... 7 1,676 11,738 11,738 32 4,910 14 6,828 

Purchased electric 
power only: 

1-200 ........... . 
201-500 .........• 
501 and above ... 

All other power: 
~-200 ........... . 
201-500 ........ .. 
501 and above .. . 

-----1-----l·--------l·-------l·-----1--------1------1------- ------1-------1----- ----
13 1, 033 13, 399 13, 399 54 6, 545 18 6, 854 ................................... . 

====:1=='===1======1======1==== ====1======1 

1 
2 
1 

4 

1 
3 
2 

6 

10 
310 

2,142 

693 

181 
267 

1,185 

559 

10 
620 

2,142 

2, 772 ......... : . ................... ········ ................... : ........... ········ ....... .. 

181 
801 

2,369 

3,351 

20 
480 

2,150 

2,650 

2 
24 
7 

20 
395 

1,112 

0 
1 
1 

0 
30 

330 ~I 0 
14 
0 

0 
3 

22 

33 1, 527 2 360 1 1 14 25 1 

0 
41 

708 

749 

Total power... 23 850 19, 522 16, 049 87 J 8, 072 20 7, 214 1 I 14 25 J 

===63=1=. _=_= __ = __ =_1'= .. _=_= .. ::::: __ =_= __ =_I= .. = .. =_= .. = __ =_-~ ..................................... _· ........ · .... ·.: ..... ........ r ....... .. 
749 

Nopower .. ~ ........ . 

Steam power only: 
1-200.. .. .. .. .. . . . 88 61 5, 360 5, 360 187 4, 055 
201-500.. . . . . . . . . 14 369 5, 162 5, 162 62 3, 223 

46 1,305 
28 1, 939 

501 and above.. . 26 __ 1,;_, 6_5_0_
1 
___ 4_3,;_, 1o-::u_a_

1
..:.. __ 4_3,;_, 1 __ 0_3_

1 
___ 4_84 __ 1 ___ 3_4-'-, 09_0_1 

~ 420 53, 625 53, 625 733 41, 368 
____ 7_9 _

1 
___ -=-9'...,..o.,...,1a_

1 
................................... . 

153 12,257 ............................................... 
===1====1 =====1=====1 

Purchased electric 
power only: 

1-200. . .. .. .. . . . . 17 43 726 
201-500... ....... 2 __ 3_13_1 ___ 6_2_5_1·....:.·_··_·_··_·_··-·1 ........................................................................ .. 

---19- 72 1, 351 ................................................................................... .. 
All other power: =====I==== II======= I======!:==== 

1-200............ 34 74 2, 533 1, 767 44 811 28 876 6 66 1 14 
201-500.......... 7 377 2, 636 2, 049 51 1, 225 16 814 1 10 0 0 
501 and above. . . 14 _3,;..,4_3_0 _

1 
___ 4_8,;..,0_5_2 _

1 
___ 46_;,;..,3_5_1

1 
__ 50 __ 3_

1 
___ 3_2_, 06 __ 8_1 ___ 20 __ 7_

1 
___ 1-:1..:.., 3-:4:-::-3_

1 
26 2, 940 0 0 

Total power .. . 

Grand total. .. . 

Steam power only: 
1-200 ........... . 
201-500 ......... . 
501 and above .. . 

-----s5 970 53,221 50, 167 598 . 34, 104 251 13,033 ___ 3_3_1 ____ 3,;_, 0-1-6-l---- 14 
I===== I 

202 540 108,197 103,792 1, 331 75,472 404 25,290 33 3,106 14 
====1======1: 

265 1........ 1o8, 197 1 1oa, 792 =1=, 3=3=1=1==7=5=' 4=7=2=1, 404 • 25, 29o ==3=3=l===3=, o=1=6=l====l===u= 

1 75 
3 349 
5 4,806 

9 2, 795 

75 
1,048 

24,031 

25,154 

75 
1,048 

24,031 

25,154 

2 ·····••• ........... ··••·••• ··••·••·• 7 
29 

292 

73 
1,048 

13,271 ..... 23 ..... io;76o· :::::::: ::::::::::: :::::::: ::::::::: 
----;-------1 

24 10,762 ........ J .................. -1········· 328 14,392 

p~~~;&~~l-~~-~~~-t~~~- 39 147 ................... ··········· ........................... ··········· ........ ! ........ . 
=====1====1=========1======1 All other power: 

501 and above... 7 _5.:._,83 __ 5_
1 
___ 4_0.:...,8_4_2_

1 
__ 3_9,;_,4_9_2_

1 
___ 3_64_

1 
___ 14....:.,_89_2_

1 
____ 53_ 12,396 25 12,204 0 0 

201-500.. ... . ... . 1 374 374 374 17 372 0 ., 0 1 2 0 0 

--8- 5, 152 41, 216 39, 866 381 15, 264 53 12,396 ----2-:-6-l---1-2.:..., 2:-::-0-6-l---0-::- -----0-

Tot.al po~er... . 21 3, 167 /==6=6=, 5=1=7=l=::::£:6=5=, 0=20=!==7=0=9 29,656 ::::7:7::1:::23::. 1:5:8:::::::2:6:::::1:2:, 2:0:6::.:::::o::::::::o: 



(' 

INDUSTRY IN THE SUPERPOWER ZONE, 107 

by industry subgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. .Coal. 

Total. 
Run by curre~1t gen-

erated in establish-
Electric motors. ment. 

Total 
Coke 

Other (short 
Total (horse- Anthracite Bitumi- etft~~t tons). 

nous (short horsepower. 
Horse-

power). 
Horse- Horse-

(long tons). tons). nous(short 
Number. power. Number. power. Number .. power. tons). 

HI 17 18 1.9 20 21 22 23 24 25 26 27 

................. ............. ............... .......... 62 1, 711 62 1, 711 0 181,066 181,066 0 

............... ............ ............ .............. 356 12,641 3!i6 12,641 3,113 1,431,323 1,434,122 36,945 

................ .............. . ............. .............. 418 14,352 418 14,352 3,113 1,612,389 1,615,188 36,945 

12, 7(l!) 31() 12,765 ............... 316 12,765 .................... ................... 500 1,406,938 1,407,388 0 

(l,24!) 154 6,24!) 0 213 7,124 !i9 875 464 1,000,443 1,000,860 0 

19,01•l 470 19,014 0 947 34,241 477 15,227 4,077 4,019, 770 4,023,436 36,945 

................ ............ ................. .. ............ 0 0 0 0 792 0 713 0 
................ ............. ................. . ............... 328 1,431 328 1,431• 9,543 57,983 66,533 0 
............... ............. .................. .. ............... 670 11,068 670 11,068 21,234 180,102 199,202 0 

.............. ................ ................ .. ............ 998 12,499 998 12,499 31,569 238,085 266,448 0 

10 2 10 ................ 2 10 ................... ................. 0 10 10 0 
620 42 620 ............... 42 620 .................... .................. 2,135 45 1,955 0 

2,142 78 2,142 .............. 78 2,142 .................... .................... 0 4, 700 4, 700 0 

2, 772 122 2, 772 ................ 122 2, 772 ................. ............... 2,135 4, 755 6,665 0 

161 9 161 0 9 161 0 0 226 0 203 0 
321 13 321 0 14 336 1 15 6,119 5,000 10,500 0 
21!:1 11 219 0 46 807 35 588 108 3,576 3,673 0 

701 33 701 0 69 1,30•1 36 603 6,453 8,576 14,376 0 
I 

3,47a 155 3,473 0 1,189 1 " 16, s1s 1 1,034 13,102 40,157 251,416 287,4891 0 

............... ................ .. .................. ................. ................... ..................... ..................... .. .................... 61,526 225,348 280,5481 3,146 

................. ............. . ............ ............ 53 819 53 819 79,958 109,818 180,616 17,611 

................. ............. . ................ ............... 21 210 21 210 68,757 96,096 157,896 7,938 

................. ............... .. ................ ........... 296 4,000 296 4,000 423,775 I, 045,529 1,42S,529 228,741 

.................. ............ ................ .. ............. 370 5,029 370 5,02'-J 572,490 1,250,443 1, 764,041 254,290 

726 55 726 ............. 55 726 .................. ..................... 10,798 95,521 105,121·1 26,125 
625 31 1\25 ................. 31 625 ...................... ................... 8,652 149,341 157,091 1,810 

1,351 86 1,351 .................. 86 1,351 ................... .................... 19,450 244,862 262,212 1 27,935 

766 54 753 13 79 1,008 25 255 46,742 98,952 140,952 10,634 
587 48 587 0 48 587 0 0 753 170,413 171,090 1,427 

I, 701 225 1, 701 0 420 4,900 195 3,199 528,141 409,365 883,365 311,197 

3,054 327 3,041 13 547 6,495 220 3,454 575,636 678,730 1, 195,407 323,258 
-

4,405 413 4,392 13 1,ooa 1 12,875 590 8,483 1, 167,571\ 2,174,035 3,221,660 605,483 ... 
4,405 •Jl3 4,3!)2 13 1,o03 1 12,875 590 8,483 1,229,102 2,399,383 3,502, 208 608,629 

.................. .............. .................. ................ 5 21 5 21 0 0 0 0 

................... ............. . ............... .............. 104 1, 204 104 1,204 ll,062 69,536 79,492 0 

................. .............. .. .............. ............ 231 4,!)36 231 4,936 395,366 122,396 478,225 44,479 

.............. ............. ............... ............... 340 1 6,161 340 6,161 406,428 191,932 557,717 44,479 

147 1!) H7 ................ 191 1471 ............ ........................ 0 0 0 0 

0 0 1,34 1 

0 ,~I 19,33~ 1 0 0 6,000 3,000 8,400 0 
1,350 29 0 737 17,983 625,225 193,981 756,683 177,677 

1,350 29 1,350 0 766 19,333 737 17,983 631,225 196,981 765,083 177,677 

1,4!)7 481 1, 497 1 ol 1,125 1 25,641 1 1,077 24, 144 1, 037,653 388,913 1,322,800 222,156 
I 
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1 2 

Hize of plant 
(horsepower). 

3 

Establishments. 

Aver- A t 
Num- agesize ggrega e 
ber. (horse- horse

power). power. 

4 6 

Total 
·hors& 
power. 

7 

. 'TABLE 46.-Mechanical power-supply equipment and fuel used 

Power-supply equipment. 

Prime movers. 

Steam engines. Steam turbines .. 

Num- Horse- Num- Horse-
ber. power. ber. power. 

8 9 10 11 

Internal-combus
tion engines. 

Num- Horse-
ber. power. 

12 13 

Water wheels. 

Num- Horse-
ber. power. 

14 15 

No power ........... . I,084 .. .............................................................................................................................................. :''"'" ............. .. 

Steam power only: 
I-200............ 344 63 2I, 714 21, 7I4 497 

I98 
379 

2I,620 
20,656 
49,I96 

7 
11 
8I 

94 
2,IOO 

29,280 
20I-500. . . . . . . . . . 69 328 22, 756 22, 756 
50I and above... 53 I,480 78,476 78,476 

----1·----1·------1--------1·----
466 262 I22, 946 I22, 946 

===:====1 
I,074 3I,474 ........................... ········· 

===1===1 
99 9I, 472 

Purchased electric 
power only: 

1-200. . . . . . . . . . . . 943 22 20, 788 
20I-500.. ..... ... 4I 3I2 I2,805 
50I and above... 19 I, I80 22,488 .................................................................................... . 

-----1------1--------1--------1 
=I=, o=o=3=i===s=6=i==s=6=, o=8=I =I=··=·=··=·=··=·=· . 1 .............. · .... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

All other power: 
I-200 . ...... :.... 281 52 i4",6i4 9,194 I87 6,225 7 346 I34 2,237 16 386 
201-500.. ... ... .. 49 321 I5, 733 9,698 121 8,028 2 225 26 6I5 8 830 
501 a.nd above ... ___ s_4_.

1
_1_,4_90_

1
. __ so---',4~3-3_ 1 ___ 4_3_,I_2._7 459 30,824 21 8,697 30 2,0I7 13 I,589 

384 288 110,840 62,019 .767 45,077 30 9,268 I90 4,860 37 2,805 

Total power... I,853 I55 289,867 184,965 1,841 I36,549 129 40,742 190 4,860 37 2,805 
'=====1=======1===1======1 

GrJJJ.d total. .. =2~, 9=3=7=l=====l==~=8=9=, 8=6=7 =l==1=8=4~, 9=6=5 =l==1 ,=8=4=1 I36, 549 ==1=2=9 =I==4=0,=7=42=I==1=9=0=I===4=, 8=6=9=:===3=7=l==2::::::'=so=s= 

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

9 

3. 72 2I6 .................................................................................... . 
8 4, I41 33, 127 ......................................•.......................................... 
------1·------~1·-----1 

==I=1=I==3~, o=3=I=:==·=3=3~, 3=4=3=
1
=. ·=·=· ·=·=· ·=·=· .

1 
......................................................................... . 

All other power: 
501 and above. . . 8 8, 947 71, 573 57, 736 79 40, 694 9 _10, 920 15 6, 072 50 

====1=====1========1======1=====1=====1 1====:=======1=====1===== 
Totalpower ... ==2=8=I==5~,80=0=I==I6=~~0=6=6=I==I=1=4,~8=8=6I ===1=9=2=I===9=4=,6=9=4=I====1=3=I===I=4=,0=7=0=I====I=5=I===6=,0=7=2=I====I====50= 
Grand total.... 29 162,066 114,886 I92 94,694 I3 I4, 070 I5 6, 072 ·50 

=====1====:===~=1===~==1=====1======1 =====l=======i=====l===== 

467 ........ ! ........... .......... : ...................................... ········ ... : ....... ········ ........ . 

648 20 12, 733 
9 330 2, 973 
4 1, 2I2 4, 847 .................................................................................... . 

------1·--------1·-------1 
===6=61=i===3=1 =l==2o=, 5=5=3 =I=·=·=··=··=·=··=· .

1 
................... 1 ...................................................... . 

All other power: I 
1-200 .. -.......... 407 29 11,726 8,450 il2 4,602 0 0 355 3,746 5 102 
201-500.......... 28 30I 8, 438 4, 902 74 4, 328 0 0 46 354 1 220 
501 and above.. . 12 I, 310 I5, 710 8, 122 183 6, 453 2 I, 667 1 2 o o 

-----1------1--------1·-------~------
447 80 35, 8I4 21,474 I 369 I5, 383 I 2 I 1, 667 402 4, 102 6 322 

1
==1======5,===1===1======1::===1'== 

Total power ... ==1~,.2~. 5=7=i===60=f,==7=6~, 3=0=4=i==4=I,~3=5=I ='==6=89=
1
.,=3=4=, 9=4=5=1 ==== ===I=, 9=8=2=l==4=0=2=l====4=, 1=0=2=:====!===3=22= 

Grand total..~. =1~, 7=2=4=l====l==7=6,~3=0=4=i==·=4=1,=3=5=1: 1==6=8=9=l==3=4=, 9=4=5=1=='===5 '==1=, 9=8=2=1==4=0=2=·,1 ==4=, 1=0=2=1'===6=1===3=22= 
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by industry subgroups, by' character of power supply-Continued. 

.Power-supply equipment-Continued. Electric motors . Fuel used. 

Operated by purchased energy. Coal. 

Total. 
Run by current gen-

crated in establish-
Electric motors. ment. 

Total 
Coke 
(short 

Total Other Anthracite Bitumi- e~ft~~y~t tons). 
horsepower. (horse- (long tons). nous(short 

power). Horse- Horse- tons). nous (short 
Numbc'r. Horse- Number. Number. tons). power. power. power. 

16 17 18 19 20 21 22 23 24 25 26 27 

................. .................. .. .............. .................. .................... . .................. . ................... 17,747 38,978 54,953 3Z7 

................. .............. ................... .. .............. 466 4,867, 466 4,867 88,393 186,889 266,443 6,072 
············ .............. ................. ............... 1,192 12,562 1,192 12,562 60,491 190,625 245,066 5,364 
................. .............. ................... . .............. 5,309 63,872 5,309 63,872 304,617 736,776 1,010, 933 10,509 

............... ........... ................. . ................ 6,967 81,301 6,967 81,301 453,501 1,114,290 1,522,442 21,945 

I I 
I 

20,788 3,459 20,788 ............... 3,459 20,788 .................... ..................... .123,834 87,017 198,468 3,597 
12,805 1,08.1 12,805 ................ 1,083 12,805 ................... .................... 9,016 47,344 55,458 I,~~ 22,488 1,172 22,488 .... ~ .... 1,172 22,488 ··-········· ................ 14,180 86,066 98,828 

56,081 5, 714 56,081 .............. 5, 714 56,081 ................ .................... 147,030 220,427 352,754 5,425 

5,480 779 4,869 611 914 5,636 135 '"I 53,Z70 69,402 117,345 2,595 
6,Q.'35 580 6,035 0 841 8,577 261 2,542 71,528 67,974 132,351 3,593 

37,306 2,455 37,306 0 3,510 49,691 I,055 12,385 250,121 4.45, 742 670,850 5,955 

48,821 3,814 48, 2IO 611 5,265 63,904 1,451 15,6941 374,919 583,118 920,546 I2, I43 

10•1, !J02 !J, 528 104,291 611 17,946 201,286 8,4·18 96,9951 975,450 I, 917,835 2, 795,712 39,513 

10'1, 902 9, 528 104,291 611 17,946 201,286 8, 418 96,9951 99.1,197 I, 956,81.1 2, 850,695 39,840 

.............. ............ ...................... ................... .. ................... ...................... .. .................. ....................... 42 128 165 0 

············ ............ ................... ................ 25 500 25 500 0 7,436 7,436 0 
................ ................ ................. . ............ 836 26,271 836 26,271 214,422 810,711 1,003, 711 0 

................. ................. .................... . ............ 861 26,771 861 26,771 214,422 818,147 1,011,I47 00 

216 16 216 .............. 16 216 .. ................. ................... 0 0 0 120 . 33,127 610 33,127 ............ 610 33,127 .. ................... ...................... 7,370 285,379 292,009 1,466 

33,343 626 33,343 ............... 626 33,343 .. ................. .................. 7,370 285,379 292,009 1,586 

13,837 211 13,8.17 0 499 28,128 288 14,291 50,407 750,867 796,167 0 

47,180 837 47,180 0 1,986 88,242 1,149 41,062 272,199 I,854,393 2,099,323 1;586 

47,180 ~I • 47,180 0 1,986 88,242 I, 149 41,062 272,241 1,854,521 2,099,488 1,586 

:··········-· .......... ! ............ ................ ..................... ...................... .. ................... ................... 7,510 17,361 24,111 2,065 

.................. ............ ................. .. ............... 36 500 36 500 16,758 27,468 42,468 3,t\66 .............................. ::::::::::::1:::::::::: 146 1,845 146 1,S45 18,648 21,277 37,977 
- ' 48 1,653 48 1,653 7,S65 22,885 29,935 .10,900 ............................... 

•••••••••••• I •••• : •••.• ············!·········· 230 3,998 230 3,998 43,271 71,630 110,380 34,761 

12,733 1,157 12,733 ............... 1,157 12,733 .. ................. .................. 5,388 13,311 18,141 3,921 
2,973 209 2,973 .............. 209 2,973 . .................. ...................... 1,400 25,100 26,360 0 
4,8•17 190 4,847 ............... 190 4,847 ................. . .................. 215 21,599 21,792 0 

20,553 1 1,556 20,553 .............. . 1,5561 20,553 ............... .. ............... 7,0031 6o,01o 1 66,293 3,921 

'·"·I 
219 2,937 339 

U9 I .2,357 30 320 "·'" I "·""'I 
45,630 3,~8 3,536 172 3,536 0 203 3,984 31 44S :~, 511 35,937 39.097 

7,588 360 7,588 0 429 8,938 60 1,350 21,758 65,141 84,IH1 9,382 

14,400 1 760 14,061 339 s81 1 16,179 121 2,118 38,402 1 134,908 1 169,368 12,691 

3·1, 953 1 2.,316 34,614 339 2,667 1 40,730 351 6,116 88,676 I 266,548 ' 346,041 1 51,373 

34,953 1 2,316 34,614 339 2,667 1 40,730 351., 6,116 96,186 I 283,909 1 37o, 152 1 53,438 
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1 2 

Size of plant 
(horsepower). 

3 

Total power ... 

Grand total.. .. 

Establishments. 

Aver- A t 
Num- age size 1tg~~~ e 
ber. (horse-l power 

power). · 

4 

95 
46 
16 

157 

5 

87 
298 
750 

216 

6 

8,256 
13,712 
12,029 

33,997 

Total 
horse
power. 

7 

6,464 
10,472 
7,472 

24,408 

TABLE 46.-Mechanical power-supply·equiprrwnt andjuel used 

Power-supply equipment.· 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
her. power. ber. power. 

8 

67 
9i 
65 

229 

9 

4,475 
8,117 
6,904 

19,496 

10 11 

0 0 
2 295 
0 0 
1----1 

2 295 

In temal-com bus
t ion engines. 

Num- Horse-
Ler. power. 

12 

53 
22 
13 

88 

13 

1,034 
633 
238 

1, 905 

Water wheels. · 

Num- Horse-
her. power. 

14 

18 
13 
2 

33 

15 

9.'}5 
1, 427 

330 

2, 712 

59:~ 

694 

168 93,602 67,292 646 61,550 5 1,1251 88 1,905 33 2,712 

93,602 67,292 646 61, 5so 5 1, 125 1 88 1, gos 33 2.112 

No power ..........•. 

Steam power only: 

109 ........ ··········· ·:········· ········ ........... ········ ........... ! ................... ········ ········· 
1-200 ........... . 
201-500 ......... . 
501 and above ... . 

Purchased electric 
power only: 

27 
2 
1 

30 

I-200............ 232 
201-500... ....... 5 
501 and above.... 2 

~ 

66 
305 
885 

109 

1, 766 
610 
885 

3, 261 

9 2,191 
352 1, 760 

1, 766 
610 
885 

3, 261 

31 
7 

17 

55 

1,566 
610 
885 

3,061 

2 
0 
0 

2 

200 
0 
0 

200 

632 1, 263 .................................................................................... . 
--2-2-l---5-,-21_4_1 ____ -.. -.-.. -.-.-.. 1 ......................................................................... . 

All other power: ====/=====/======/=======/ 
1-200............ 51 36 

248 
874 

1,&11 
993 

I, 747 

1,096 
220 

1, 245 

16 
4 
2 

429 
220 
45 

0 
0 
0 

0 
0 
0 

33 
0 
3 

627 
0 

1,200 

2 
0 
0 

40 
0 
0 

201-500.......... 4 
501 and above.... 2 

57 80 4,571 2,561 69-1 0 0 36 1, 827 2 40 

Total power ... 326 40 13,046 5,822 77 200 36 I, 827 2 40 
=====1=====1========!=======1 

Grand total.. .. 

Nopower .......... . 

Steam power only: 
1-200 .•...•..••.. 
201-500 •..•••.••• 
501 and above ... 

Purchased electnc 
power only: 

1-200 •..•.•.•••.• 
201-500 •........• 
501 and above .•. 

All other power: 
1-200 .....•.•...• 
201-500 ....••...• 
501 and above ... 

33 65 2, I43 2,143 381 2,143 o I o I· ....... ! ....... ····I······· .1. · · ··· · · · 
6 327 1,963 1,963 11 1,963 0 0 ........ , .•••....••• ········'········. 

14 10,300 144,708 144,708 117 62,630 60 82,078 ·•·•···· ...•.•..•.. 1 ........ ········• 

53 2,800 148,814 148,814 166 ---6-6,--7-36-I---6-0-I--8-2,-0-78-, .•...... j ........•.. l---····· ~ 
=======1======1=======1======1==== 

372 
15 
11 

-a98 

24 8,884 
310 4,654 

_2.:..., 1_03_1,--23..:;..,_13_6_1··-·-· ._._. ·-·-·--·1 ................•.........•••.•.••.•.... · ..........•.•.....•............•... 

92 36,674 ......•...• ·•·•···· ...•..•.... ···•·•·· ·••······.·· .........•........• J ...•.... ~ 
====:/=====:=======:======:= 

,J;i! ,};!~ ,M I ,l;!1i ,g I 11,~~ 1 l,~ I ,i 2,~ 119 
11 
25 

24 
348 

4,201 

---~-5_5_, ___ 7_2_0_, __ 1_1_1,-7-2_1_, ___ 4_7,-0-1_2_~_=_=_1:2=o~l~:::3:o:.9:5:s:;::::~~~=>'~~-=~-~~-.:~:7~;::::9:1:;::::2:,46::o:~l::::2:1:;:::2,:3:2o: 
Total power... 606 490 I 297, 209 I I95, 826 ==2=86=:==9=7,=69=1=!===71=J:==9=3,=3=55=1==9l=l===2=, =46=0=:'===21==1==2,=3=20= 

Grand total... 696 =··=·=··=·=··,,!= =29=7=,2=0=9=''==1=9=5,=82=6=1 286/ 97,691 71 I 93,355 91 2,460 J 21 2,320 
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by industT'IJ subgroups, by cha1'acter of pow(Jf' supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. 
Run by current gen-

erated in establish-
Electric motors. ment. Total Coke 

'l'otal Other Anthracite Bitumi- e~~~~~~~t 
(short 

(horse- nous(short tons), 
horsepower. 

NO>mlw.l Number. I 
(long tons). 

Horse- power). Horse- ·Horse- tons). nous(short 
Number. tons). power. power. , power. 

.... '." ..... t=l ..... ·· ..... 19 . 20 21 22 23 24 2{i 26 27 
--

·········· ................. ............ .. ............ ............... 3,879 I2,493 I6,003 I44 

············
1 ·········1············1·········· ·~I 506 ~~1 2,ml 

40,566 I74, I29 210,652 940 
2, I67 19,724 94,358 112,109 1,049 

::::::::::::~:::::::::: :::::::::::::::::::::: 144 3,992 144 3,992 38,424 64,395 98,973 I38 

............ I •••••••••• J ............ I·-········ 344 I 6,665 3441 6,6651 98,714 332,882 42I, 734 2,127 

8,3151 537 8,315, .......... ~71 8,315 

············/············ 
I3,094 57,225 69,010 349 

5,82(i 13I 5,826 .......... 131 5,826 ................................ 2,818 44,588 46,408 372 
2,580 86 2,580 .......... 86' 2,580 ................................. 45 19,228 19,268 340 

' 
16,721 754 16, 72I .............. 7541 I6, 721 .. ................. ................... I5, 9571 121, o4I 1 134,686 I,06I 

·g I I 
1, 792 ·~I I, 745 

1531 
1, 74;5 0 0 24,121 I 46,0631 67,771 2,171 

3,240 167 3,240 204 3,865 37 625 11,553 102,304 112,699 750 
4,557 198 4,557 273 5,049 75 492 22,068 123,455 I43,316 369 

9,589 5181 9,542 471 63o 1 10,659 112 1,117 57,7421 271,8221 323,786 3,290 

26,310 1,2721 26,26:1 47 1 1, 728 1 34,045 456 7, 7821 172,413 1 725,7451 880,2061 6,478 

26,310 1, 2721 26,26:1 471 1, 7281 34,045 456 7, 7821 I76,a12l 738,2381 soo, 209 1 6,622 

............. .......... .. .............. .......... j ............ j ............ . ................ ............... 231 1 551 2621 I25 

.............. ............. ............... .......... 1 39 239 39 239 5.·~ I 46,479 "·'"'I 889 

................. .............. ·········· 44 392 44 392 17,Ill 17,111 0 

............ . ........... 25 I68 25 168 239 37,768 37,398 0 

........ , .... ·········· ············ ·········-1 I08 799 I08 799 5,6351 10I,358 106,4231 889 

2,191 576 2,191 ........... 576 2, I91 ............. ············ 2, 951 I3, I43 I5, 793 285 
I, 760 I38 I, 7HO ............. I38 I, 760 .............. ············ ·········4o· 36, 95I 36, 95I 0 
1,263 31 I, 2(i3 ·········· 3I I,263 .............. ············ 4, 732 4, 769 0 

5, 2I4 745 5,214 ............ 745 5,2I4 ············ ············ 2, 99I 54,826 57, 5I3 1 285 

735 95 639 ·g I 1111 
765 16 ''"I ,,091 I 26,2231 

"·"" I 
5,~ 

773 43 773 43 773 0 I,4~ 
297 5,864 6, I3I 

502 39 502 I30 I, 966 9I 0 42,847 42,847 0 

2,010 177 I, 9I4 961 284 1 3,504 I071 I,59o 1 3,388 1 74,9341 77, 98I 1 5,292 

7, 224 9221 7, I28 96 1 I, I37 I 9,517 2I5 1 2,389 1 I2,014 1 23I, n8J 24I, 9I7 1 6,466 

7,224 9221 7,128 96 1 I, I37 I 9,5I7 2I5 1 2,389 1 12,245 1 23I, 173 1 242, I79 1 6,591 

................. ............ ............. .......... 1 ............ . ............. ........... l ........... l 2, 7371 2,8921 5,2521 944 

............. ·········· ............... ............ 63 764 @I ~J 6, I 57 9,149 ...... 1 I, 764 

············ ............ ············ ........... 55 993 55 993 773 10,137 10,832 2,880 
.............. ·········· . ............. ............. 3,685 66,628 3,685 66,628 621,618 6I3, 713 1, I73, 713 I55,913 

············ ............ ............. ............. 3,803 68,385 3,803 68,3851 628,548 632,999 I, I99, 194 I I60,557 

8,884 1,287 8,884 .......... I,287 8,884 ············ ............ 21,164 20,008 39,008 117,034 
4,654 631 4,654 ........... 631 4,654 .............. ............ I,848 5,034 6,694 I, 790 

23, I36 I,003 23,136 ............ I,003 23,136 ············ ............. 27,009 I2, 271 56,571 1,253 

36,674 2,921 36,674 ........... 2,921 36,674 ................ ............ 50,021 37,313 82,273 120,077 

1,I99 8I 76I 438 83 7621 2 I 4, 725 10,115 14,3651 5,061 
1,666 I33 1,666 0 165 . 2 002 32 336 2,036 I5, 289 I7, 129 5,627 

61,844 2,412 48,159 I3, 685 2,944 62:640 532 I4, 48I 108,408 281,089 378,589 37, I29 

64,709 2,626 50,586 14, I23 3, I92" 65,4041 566 I4,8I8 115, I69 306,493 4I0,0831 47,817 

101, a83 1 5,547 87,260 I4, 123 9,916 I7o, 463 1 4,369 83,203 793,738 976,805 1,69I,550 1 328,451 

101,3831 5,547 87,260 14, I23 9,9I6 17o, 463 1 4,369 83,2031 796,475 979,697 !,696,8031 329,395 

63361°-21-8 
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1 2 

Size of plant 
(horsepower). 

Establishments. 

Aver- A t 
Num- agesize Wo;ega e 
ber. (horse- orse-

power) .. power. 

4 0 6 

·= 

Total 
horse
power. 

7 

. TABLE 46.-'--Mechanical power-supply equipment and fuel used 

Power-supply equipment. 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
bar. ·power. ber. power. 

8 9 10 u· 

-Internal-com bus
t ion engines. 

Num-· Horse-
her: power. 

12 13 

Water wheels. 

Num- Horse-
her. power. 

14 10 

Nopower .......... . 1,1741. •...•.•.•..••..•.• ·······-~-.- ···•···• ........... ·•·····• ····•·•···· .........•....•.•.. ···•·•·· ········· 

Steam power only: 
1-200 •.•......... 
201-500 ......... . 4, 769 
501 and above ... · 

68 
16 
8 

77 
298 
774 

5,235 
4, 769 
6,196 

5,2351 
6,196 

75 
27 
29 i;~l g ~ :::::::: ::::::::::: ::::::::1::::::::: __ __,;., ____ , 

15,297 '==.9=:====903=1·· ......................... -! ........ . 
I 

176 

Purchased electric 

92 16,200 1 16,.200 131 

power only: 
1-200............ 2,16322 12 . 26,618 
201-500...... .. .. 272 5, 992 
®1 and above... 8 830 6,G39 ......•.......••............•...•..........••..•...................................... 

----1------1·-------1·--------1·----
2,193 18 39,249 ··•·····•·• ....••.....••...•.....•.•.. ····••····· .•.•.•..... ····· ....•......... ·····. 

All other power: 
1-200 .. '......... 485 27 13,223 
201-500. . . . . • . . . . 20 296 5, 925 

8,442 
3,695 

21,611 

62 
29 
63 

4,207 
2,733 

16,338 

4 
0 
4 

225 
0 

3,098 

194 
1 

. 5 

3,399 
55 

1,020 

20 
13 
18 

611 
907 

1,15,') 501 and above ... --,-2_7_
1 
__ 1_, 24_o_

1 
___ 33 __ , «_a_

1 
______ 

1 
__ _ 

Sa2 99 52, 591 33,748 154 23,278 8 3, 323 200 4, 474 51 2, 673 

· '!'~tal power ... 2,817 383 w8,04o 49,948 2851 38,575 11 4,226 200 4,474 51 2,673 

Grand totaL.". 

:::: ':::::: :· _ -~~·-~· ___ ~·-~ _____ ~ _1 ___ ~·-·:: _ _ ___ " _ _ ___ ··: .!... _ ~ _ _ _ _.~74 ___ ·~_ _ _ '· •73 _ 

Purchased electric 
power only: 

1-200.. ......•... 480 8 3,638 
201-soo ..•...•••. 

1 
___ a_

1 
__ a_8_7_

1 
___ 1.:...' 1_6_2_

1
_ .. _._· ._._· ._._· _.

1 
__ · ._._· ._._· .................................................................. . 

.......................... '! .......... ~ ........... -- ....................................... :"' ..................................................... .. 

1==4=83=l~=l=o=l===4~, s=o=o=l=· ·=·=· ·=·=··=·=·=·I·=··=·=··=·=·. -..... ---- · ........ ·- · · · · · · · · · - ·- ·-- · · · · · ·- · · · · · · . ------- · · ·- .... · 

All other power: . 
1-200............ 39 56 2,169 1,744 24 1,368 1 40 17 176 3 160 
201-500... ....... 5 279 1,396 ' 645 7 545 0 . 5306 0 0 . 4 100 
501 and above. . . 3 763 2, 288 1, 703 19 1, 150 1 0 0 1 17 

----l-----l-------1--~----l·---l------~-----1-------~----1---~---1----1----
47 124 5, 8.53 4, 092 50 3, 063 2 576 17 176 8 277 

!==7==1=====1====~=1=======1===1=======1'======1======~======1========1:=====1===== 
Total power... 567 27 15,334 8, 773 107 7, 744 576 17 ·176 8 277 

l======!=====l======i====~==l===========~====='l=======~=====l========l=====l===== 
Grand total.... 4, 175 15, 334 8, 773 107 :1= ==7=, =744=ll====l===<>="7=6=l===1=7=l===1=7=o=l====8=l===2=77= 

No power ........... . 257 .. ............................................................................. . .. .................................................. ······:-· ............... .. 

Steam power only:. 
1-200. ............ 25 46 1,115 1,115 
201-500... ........ 4 338 1,350 1,350 

21 1,.115 0 0 ........... ······ .................. . 
8 1,200 1 150 

501 and above. . . 5 1, 375 6, 875 6, 875 
----1----1------1-~-----1----

11 3, 375 3 3, 500 .: :: ::::: ::: :: ::::: : ::::: :: : ::: :: :: : : 
1--------1------1--------1 

34 273 9,340 9,340 40 5,690 4 3-,650 ................................... . 
=====1======1===== 

Purchased electric 
power only: · 

1-200 ............ 2,770 7 19,899 
201-500.......... 12 331 a; 966 

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

501 and above ... 
1 
____ 8_

1 
__ 1.:...' 6_2_4_

1 
__ 1_2.:...' 9_9_3_

1
_ .. _._· ._._· ._ . ...:.· _.

1 
_· ._._· ._._· ....................... -- ......................................... . 

All other power: 
1-200 ....•........ 
201-500 ..... ., •.. 
501 and above ... 

'=2=, 7=9=o=l===l=3=l==3=6~, 85=8=l··=, ·=·=; ·=·=··=·=·=·I·=··=·=··=·=· .................................................................. . 

378 
5 
7 

390 

11 4, 264 3, 629 24 1, 065 0 0 365 2, 368 4 196 
281 1, 407 855 6 615 0 0 2 240 0 0 
919 6, 438 2, 270 12 1, 880 2 225 1 165 0 0 

-------1·---------1·---------1·----- ------1--------1------l--------1------1------
31 12, 109 6, 754 42 3, 560 2 225 ~68 2, 773 4 196 

======1=====1========1=======1=====1=======1======1!=======1=====11=======1=====1===== 

Total power ••• =3=, 2=1=4=l===1=8=l==5=8=, 3=0=7=l==1=6=, 09=4=l===8=2 !==9==, 2=5=0=I===6=I==·=3=, 8=7=5=l==3=6=8=l===2=' 7=7=3=l===4=!===1=96= 
·Granci.totaC. .. 3,471 58,307 16,094 82 9,250 6 3,875 368 2,773 4,. 196 

.· 
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by industnJ 'SubgrouJJS, by character. of power supply--.-Continued. 

Power-supply equipmnnt-Contlriucd. .... ·Electric motors. t~ ... . Fuel used . 

Operated by purchasnd energy. •' Coal. 
.... _ ... _ 

To'tiil. 
._ .. __ 

-~~\~t~a- f:-t:fut~h~· 
Electr!c motor~. mont. : . .:., ...... ' Coke· 

Total (short 
Total Other ·Anth~acite Bitumi- e~ft~~i-t tons). 

horsepower. (horse- (long tons). nous(short 

Number. Hors~ power). 
Number. ·Horse- ~umbei.' Horse tons). nons (short 

power. .power. power. tons). 

. --· 

lU 17 18 19 20 21 22 23 24 25 26 27 

.................... ................ . ................ . .............. .. ................. ................ . .................. ................ 2,350 899 . 3,014 817 

... ............... . ................ 817 2,039 317 ~:~~-. 11,370- 21,2671 31,500 2,094 ................. .. ............. 
..... · .......... · .... ............... . ................. . ............... 577 2,954 577 8,956 15,257 23,322 43 
................. ............... . ................ . .............. ·'·577 .-7,958·- 577.-- 7,958 14,737 '29,630 42,896 734 

................ .................. ············1 ....••.•.. 1,471 12,951 1,471 12,951 35,063 66,1541 97,718 2,871 
.. I - .. ·-· ·-

26,618 7384" 26,618 ............... 7,384 26,618 ................ ................ 13,100 15,314 ' 27,104 3,564 
5,992 '617 5,992 ............. 617 5,992· ......................... ....................... 388 6, 726 7,075 192 
G,639 613 6,639 .................... 613 6,639 ...................... ................... 1,978 5,428 7,210 0 

-
39,219 8,614 39,249 ............... 8,614 . 39,249 ...................... ................. 15,466 27,4681 41,389 3, 71}6 

- - .. 
4, 781 350 2,5(!7 2,214 900 4,901 550 2,334 5,510 30,135 I ·35,094 1,627 
2,2.10 291 1,980 250 485 3,543 194 1,563 3,848 17,727 21,195 0 

11,832 1,908 11,832 0 3,307 22,640 1,399 .10,808 25,149 84,421 107,156 76.6 

18,843 2,549 1G,379 2,464 4,692 31,084 2,143 14;705 34,507 132,2831 163,445 2,393 

58,092 11,163 55,628 2,4641 14,777 83,284 3,6141 27,6.56 85,036 225,9051 302,552 9,020 

58,092 11,163 55,628 2,4641 14,777 83,284 3,6N I 27,656 87,386 226,so!l 1 305,566 9,837 

................. ............. ..................... ............... ................... ...................... .. -....... ; .. ! ............ 8,198 2,5131 9,863 10 

··.·········· ........... ................ ................ 107 598 1~ I 598 5, 914 4,3731 9,693 58 
.............. ............... ................... ............... 9 240 240 890 4,652 5,442 0 
................ .............. ................. ................ 99 1,386 1,386 46 13,996 14,037 180 

············I·········· ................. .................. 215 2,224 215 i - 2,_224 6,850 2J,o21 1 29,172 238 

- I . 
3,638 1,274 3,638 ............ 1,274 3,638 .................................. ~l,.~g 4,8781 14,978 482 
1,Hi2 74 1,162 ................... 74 1,162 .................... ........ : ...... 400 . 668 

\ 
0 

4,800 1,348 4,800 ................. 1,348 4,800 .......•.. · .• 1 .•..••...•.. 11,~505 5,278 I 15,646 482 

·-

~gl 
.. - -,,,,1 425 94 425 0 155 872 61 I 6,073 8,4771 0 

751 ~63 751 0 294 999 31 2,212 1,235 3 225 0 
5$5 

.: I 
585 0 40 585 .o 4,691 5,033_ '9:233 178 

1, 7Gl 1, 761 0 489 2,456 92 1 .6951 12,976 1 9,195 I . '"20,9351 178 

G,561 1, 745 G, 561 0 2,0521 ·9,480 307· 1-" . 2, 919.1 31,331 1 37,494 I 65,753 1 898 

-----. ·:5611- .1:745.~ ..... ·:;o1 
. 0 2, 052 1 9, 4so 307 I 2, 919 I 39,529 1 40,007 i 75,616 J '908 

............ ! ............ ........... .1. ...... : .... I 1,291 I 3841 1,~91 0 

···-···-····!'·-···-··: ................... .............. 

"I 
489 .. 

"I 
489 1,561 I 8,1991 ,, "" I 0 

............... ............. .................... ·16 121 16 121 2,113 3,99G 5 900 0 

............................... ................. 348 4,590 348 4,590 3,659 27,690 I 30:983 . 0 

............... ............... . ................ .................. 4431 5,200 4431 5,200 7,3331 39,885 1 . 46,48G I 0 

5,6..51 
I 

19; 899 
.. 

... oo. 1 , 19,899 ............. 5,645 19,899 ....................... ................... 26,771 23,937 488 
3,9G6 449 3,96G ................ 449 3,966 ................. ............... 3,418 3,098 6,175 2 

12,993 1, 746 12,993 .............. 1, 746 12,993 ....................... ...................... 14,772 24,940 . ' 
38,233 580 

7,840 1 3G,'858 
.. 

-7:84o I .. "'36, s5s I· : ...... : .. -I~ ....... : : .. 44,961 1 51,975 1 92,438 1 1,070 3G,858 ................ 

635 162 554 8~ I on I 7M I '"I 
200 ··~I 4, 761 7,520 I 91 

552 84 552 91 588 12~ 36 850 3,095 3,860 50 
4,1G8 367 4,1G8 490 5,01G 848 902 18,425 19,237 2 

5,355 G13 5,274 s1 1 783 1 . G,3581 110 1 1,084 4,8171 26,281 30,617 1 143 

42,213 8,453 42,132 81 1 9,0GG I 48, 4l!i 1 m3 I G,284 57,111 1 118,141 1G9, 541 I 1,213 

I 42,213 1 s,453 1 42,132 81 1 9,0GG I 48,416 1 G13 I G,284 58,4021 118,525 m,09o 1 1,213 
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~ 
'a g. 
~ 

c:5. 
~ g 

~ Ill< 
,Q .... 
~ 0 

j ~ 
ie 
2 
0 

Si.ze of plant 
(horsepower). 

Establ~shments.i 

Aver- A t 
Num- agesize wega e 
ber. (horse- orse-

power). power. Total 
horse
power. 

TABLE 46.-Mechanical power-supply equipment andfuel used 

Power-supply equipment. 

· Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
ber. power. bar. power. 

Internal-combus
tion engines. 

Num- Horse-
bar. power. 

Water wheels . 

Num- Horse-
bar. power. 

----l·---l------------l-----l·------------·1-------1----------------- -------------1-------·1-----
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

---1----~-------------------- ------- -------------1--------l------------------l-------·l-----
Steam power only: 

1-200.-. ··••·· .•. 
201-500 .••••..... 

Nopower .......... . 

2 
1 

3 

186 

110 
350 

190 

220 
350 

570 

I 
220 
350 

s1o 1 

I 

3 220 0 0 •··•·••• ••••··••··· ••••.•••••••••••• 
2 350 0 0 

5 570 0 0 ................................... . 
;===1===1 

0 0 

Steam power only: 
1-200... .. .. .. .. . 30 48 

300 
1,431 

300 
27 
1 201-500.......... 1 

All other power: 
1-200 .•. ·•······· 
201-500 ......... . 
501 and above .. . 

Total power . _ . 

Grand total .... 

Nopower ........... . 

Steam power only: 
. 1-200 ...........• -

201-500 .......... . 
501 and above ... . 

------1------1·-------!--------1------
31 

450 
1 
1 

452 

56 28 

8 3,618 
395 395 

2,074 2,074 ...................................................................................................................................... 
----1·------1·-------1·-----

13 ................................................................................................................................... 6,087 
=====1=====1=====~1======1==== 

148 20 
4 348 
2 1,110 

3,017 
1,390 
2,220 

2,509 
1,290 
1,200 

16 
5 
4 

795 
775 

1,200 
---1--------1 

0 
0 
0 

0 
0 
0 

128 
0 
0 

1,083 
0 
0 

18 
9 
0 

631 
515 

0 

154 43 6,627 4,999 25 2,7~0 0 0 128 1,083 27 1,146 

&37 ' "I 14,445 6, 730 I 53 4,445 2 56 128 1,083. Zl 1,146 

: [:::: ::::\ .. -- ::·_ 4~-'-- .. -·: ,~ J. __ -:- .... -4,-~5-1-- .... 2- ---- .... ~- .. --1~- .... _1·_:- .... -" .. _1: 1~-
~ I ~ ~:~~~ l ~:~~ ~ ~:~ ~ sg ::::::::::::::::::::::::::: ::::::::: 
~-,1,~: :::: 49,006 182 43,456 10 5,550 ........ ···-·-····· ·•······ ···-····· 

p~~~~:z:.;,: ---I-----I----~:_·~-~-~-~_:_:_:_: .. _:·_·_"_::
1
:::: ~1: ::::49, ·~: :::::11:,:::::5, ~: :: _;;:; l; ;; ; :; ; :; ; ; ; ; ; ; ; ; ;,; ; ; ; ;: ; ; ; 

===1===1==1=2=, 28=· =7=1=· ·=·=· ·=·=··=·=·.I ••••.... -.- .. -.. -...... -..................... - -......•...... -............ . 
All other power: 

1-200.---- .•...... 
201-500 ..........• 
501 and above .... 

2, 748 
1,915 

28,371 

33, 034 

Total power... . 189 ., 530 100, 344 

1,~~ 
10,333 

12,721 I 
67,744 

67,7441. Grand total.... 215 j ....... ·1=1=00='=3=44=1==~==' 

26 1,~5 0 
7 0 

62 9,537 3 

95 11,718 3 

366 61, 141 14 

366 1 61,141 1 14 

0 16 207 0 0 
0 0 0 0 0 

550 6 151 2 95 

'550 22 358 2 95 

6,150 22. 3581 2 95 

6,150 1 22J 3581 21 95 
I I 



INDUSTRY· IN THE SUPERPOWER ZONE. 

by industry subgroups, by character of power supply_;_Continued. 

Power-supply equipment-Continued. Electric motors. .;:, ..... :::{::,.,:·\ • ·:t:ucl used. 

Operated by purchased energy. Coal. 

R~at~a ~lf~~;!bfi~h~ ... 
Total. 

Electric motors. ment. 
Total 

Coke 
' (short· 

Total Other Anthracite Bitumi- e~l~~~~~t tons)., 
horsepower. (horse- (long tons). nous (short 

Horse- power). Horse- Horse tons). nous(short 
Number. power. Number. power. Number. power. tons). 

·-. 

16 17 18 19 20 21 22 23 24 . 25 26 27 I 

............... ........... ............... ............ 50 200 50 200 384 700 1,044 0 

.............. ............... ............... ................ 15 231 15 231 3 5,574 5,574 30 

............. ............. .................. .............. 65 431 65 431 387 6,274 6,618 30 

5,543 340 5,543 .............. 340 5,543 ................... ................... 232 7,8381 8,046 282 

11,687 689 11,687 0 1, 593 20,792 904 9,105 37,852 68,816 1o2, 816 8,432 

17,230 1,029 17,230 0 1, 998 26,766 969 9, 536 38,471 8~, 928 117,480 8, 744 

.................. .............. ..................... .. ................. .. .................. .................. .. ................... .................... 304 1,129 1, 403 11 

................ ................ .................... .................. 7 148 7 148 2,134 4;328 6,.238 428 

.............. ·········· ............. ........... 0 0 0 0 0 991 991 0 

............. ........... ............. ........... 7 148 . 7 148 2,134 5,319 7, 229 428 

Q 

3,618 I, 083 3,618 ............ 1,083 3,618 .. ................ .................. 2,486 5, 531 7, 771 41 
395 27 395 .............. 27 395 .. .................. ....................... 5 1,400 1,405 0 

2,07<1 130 2,074 ............... 130 2,074 . ................. ................... 4,280 2,392 6,242 0 

6,087 1, 240 6,087 ............... 1, 240 6,087 . .................. .................. 6, 771 9,323 15,418 41 

508 98 425 83 127 627 29 '"il 1, 227 ··~I 6,096 67 
100 3 100 0 4 101 1 0 1,604 1, 604 75 

1, 020 69 1,020 0 77 1, 280 8 260 360 4, 461 4, 785 0 -----
4631 u, 001 1 1,628 170 1, 545 83 208 2,008 38 1, 587 12,485 142 

7, 715 1, 410 7,632 83 1, 455 8,243 45 611 1 10,492 25,703 35,132 611 

7, 715 
1, 410 I '· "' 83 . 1, 455 8, 243 45 611 1 10,795 26,832 36,535 622 

............. ..... : .... ············ .. ................. ................. ................. ............ ~! 737 4,115 4, 778 0 

........... l········· ············1·········· 
65 1,4421 65 1,442 17,838 57,310 I 73,360 1 0 

............... ........... ............................. 182 ' 3,932 182 3,932 38,690 43,623 78,444 0 

..................................... .................... ............... 3,013 41,309 1 3,013 41,309 245,406 226,354 447,220 202,313 

............................... ••....•....• j ....•..•.. 3,260 46,683 1 3,260 46,683 301,934 327,287 1 599,024 202,313 

2401 

= 

2,974 2,974 .............. 240 I 2,974 ..................... .. ..................... 3,240 46,311 49,227 9 
2,07ii 106 2,075 .. · ............. 106 2,075 ..................... ....................... 2,056 5,018 . 6,870 0 
7,238 268 7,238 ............... 2681 7,238 ................... .. ................... 14,534 65,035 78,116 294 

12,287 614 12,287 ................ 614 1. 12,287, .......... :. .. .................. 19, s3o 1 116,364 134,213 303 

1,020 50 670 350 001 815 3 145 11,986 44,300 55,088 0 
1,255 51 1,005 250 51 1,005 0 0 1,321 4,853 6,042 253 

18,038 962 18,038 0 1,059 20,056 97 2,018 85,897 103,024 180,332 2,216 ---
20,313 1,069 19,713 600 1,'169 1 21,876 100 2,163 99,204 152,177 241,462 2,469 

32,600 1,6831 32,ooo 1 6oo 1 s,043 1 80,846 3,360 48,846 420,968\ 595,828 974,699 205,085 

32,tioo 1 1,683 ! 32,000 ! 6oo 1 5,043\ 80,846 3,360 1 48,8461 421, 1os 1 599,943 979,477 1 205,085 
I 
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Size of plant 
(horsepower). 

3 

, Establishments. 

I Av"-
Num- age size Affo'r~~~te 
ber. (horse- power 

power). . · 

4 5 . 6 

Total 
horse
power. 

7 

TABLE 46.-Mechanical power-supply equipment andjuel used 

.Power-supply equipment. 

Steam engines. 

Num- Horse-
ber. power. 

8 9 

Prime movers. 

Steam turbines. 

Num- Horse-· 
ber. power. 

I 
Internal-com bus

tion engines. · 

ber.- power. 

---1---~-1 

Num I ·Horse-

10 11 12 13 

Water wheels. 

Num- Hor~e-
ber. power. 

15 _1 1·2 
----~---------1-----

No power •.. _________ 27 ........ ---.---- .. -1--.-------- -------- ----------- --------,----------- -------- ----------- ·----- -,---------

Stea~~~i:~~--~~~-~~:- -_ -- 465 I ~gg I ;gg I~ ;gg I g I g ::: : ~:: :I:::: :: ::: : : : :: : : : : : : : : ~ :: ::: 
---s6~---6-85-J:---6-85-l---Is-l---68-s-: o 1 o ___________________________________ _ 

Purchased electric· 
power only: 

I-200.-- .. -- . - - - - - IOI 94 9, 485 - - --- -. - -- . -- ------ -- -- -- -- --- - -- -- . -- ------ -- -- - -.. -- -- - ---- ---- -- - -- -- -- -- -- . ----.-
201-500 .. --------- I1 360 3, 954 ----.------ -------- ---------.- ------ .. ----------- -------- ----------- --.----- ---------501 and above .. _ 4 1, 171 4, 683 __________ . ________ .. ________ ...... ______________________________ .. _ . ____ . __ ... ____ .. 

__ 1_16_---ui6"1~- ·····-----·1····--·- ----------· --·-···· ----------· ---·--·· ····-······ ........ ··-·--·--
Allotherpower: == 1· - ·= 

~i~~;(i"abo~:e.-:.: · i 6~~ g~ 1~g I~ g g g g g g 

Total power_ .• 

Grand totaL ... 

No power ...... : ____ . 

Steam power only: 
1-200------------
20I-500----------
50 I and above ... 

All other power: 
I-200- - ----------
201-500- ---------
501 and above ... 

252 755 1 120 3 I20 o o o o o o 

121 153 1 I9, 562 805 1 18 805 o o o o 1 o o 

154 · __ . ____ -I I9, 562 805 1 I8 8os o o o o 1 o o 

56 -------- -·-·------- -----------1-------------------------------------- -------· ---------·- ----·--- -·-·--·--
23 84 
6 304 
3 2,373 

32 341 

393 I5 
(} 285 
4 1, 378 

I,942 
I, 825 
7, I2I 

I0,888 

5,958 
1, 712 
5, 510 

I, 942 
1, 825 
7,121 

26 
9 
5 

1,942 
I,825 
I, 100 

0 
0 
5 

0 
0 

6,021 

403 33 1 13, I80 ==1===:===1=·=---=-·=--·=--1 -·-··--- --···-·--·- -·-·--·- -·---·--··· ---·---- --··------· -·--·---1---:: .... 
73 41 2,995 2, 293 I2 734 0 0 48 664 19 895 

1, 240 11 605 0 0 4 475 • 2 160 
---I·----I·---I-9,_3_34_

1 
____ 50_ 6, 2I: 24 10, 382 __ I_o_

1 
____ 2_, 09_3_

1 
_____ 3_

1 
___ 6_47_ 

7 295 2,068 
!) 3, 5I7 3I, 652 

89 412 36, 715 22, 867 73 7, 551 24 10, 382 62 3, 232 24 1, 702 

Total power._. ==.52!! 116 I 60, 783 33,755 113 I2, 418 29 I6, 403 ==6=2=l===3=, 2=3=2=I===2=4=>1==I,==7=02= 

Grand totaL... 580 ........ J . 60, 783 33, 755 I 113 12, 4I8 29 I6, 403 62 3, 232 I 24 I 1, 702 

No power __ . __ . _____ _ 

Steam power only: 
1-200------------
201-500-----.----
501 and above ... 

Purchased electric 
power only: 

I-200.-----------
20I-50Q. -- -- -- . --
501 and above ... 

All other power: 
1-200.- .. -....... 
20I-500 . -- --- - - - . 
50landabove. __ . 

Total power ... 

Grand totaL •. 

...... _J... ·_- .. ) ......... -1. ..... 1---····-·· ............ --··. --- -1-- ... -~. ... .!... --·1 

15 I27 1, 9I5 1, 915 19 1, 915 0 0 -------- ----------- --------1---------
I7 . 321 5, 788 5, 788 35 5, 7&3 0 . 0.1 __ -- --·. - ---- -- .. -- ; ---- - . -- ---- -- ---

:~ I,:: :::::: :::::: I:: ::::: :~ ::::: ::::::::.::::::::::: ::::::::~::::::::: 
55 421 2, 333 · . I I . I 
~ 2,: ::: :::·_-·:· ::-- :: :-:- : :: _··:: ... :::_:·-:-·t_:·:: ::··--::. -:·:_-:-:::::·::::: 

-==-'-==-

2, "g I 
105 2,008 1, 215 12 800 0 2 19 3 200 215 

20 313 6,257 4,331 28 3,870 0 1 6 6 455 
49 I, 890 93,121 42,691 12-! 36,369 I5 3 817 20 2, 765 

88 1,140 101, 38i' 48,237 I64 41,039 I5 2, 74o 1 1,023 28 3,435 

2171 1, 500 175, 120 1 88,067 273 69,545 27 14,064 1 1,o23 1 281 3,435 

224 1-------. 175,120 1 88,007 273 69,545 27 14,0641 1,o23 1 28 1 3,435 

(' 
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by indus'try subgroups, by character of po'I.Ver supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Coal. Operated hy purchased energy. I 
,_____,________,.-

Total. R~~t~a ~~r!:m)~f:h: 

Total 
horscpowci'. 

Electric motors. 

Number. Horse
power. 

mont. 
Total 

Other Anthracite Bitumi- eqm
1
.'tvualme

1
,n_ t 

(horse- 1----~----1------;-----1 (long tons) nous (short b 

Number. orse- Number. .. tons). power. power. I 

Coke 
(short 
tons). 

power). I H Horse- · tons). nous (short 

1------1 -----1----1-----1-----1------1------------

··· .. 

16 

........ 

1

~ ............... -__ -_-_'-"-.. ----:1·--.-.. -·-.·-.-.. -..1.. .
21

.... .. ......... . .... ... •• 782 

25 

304 ·:J--2

-

7

--1 

:::::::::::: ~ ::::::::1:::::::::::: ::::::::: I g I g I g I g 3g I 4,~~ 4,~g~ ,,. g 

=--~-~==-=-=~ o o 1 o o 30 4,978 5,005 -----o 

9,485 
3,954 
4,683 

584 
219 
256 

9 485 584 9,485 ........ .... ............ 6,040 9,641 15,071 
3,264 
5,380 

0 
0 
0 

23,715 

~:~~ ~1~ ~:~~ :::::::::::: ::::::::::::" 1;g~~ 1'~6 
18, 122 1, 059 ~--18-,-12-2- 1 

1, 059 18, 122 1-- ............. _........ 13,329 u, 735 1 

---25-- 60~ · ===2=g=:1===:::=-6""
1

====6=o~=-1 g g I 28 13, 42g I 13, 4i~ g 

0 

30 
605 

1-------1 1------1----:-----1-----------:,------------1------------1------
635 21 61o 25 1 21 61o 1 o o 1 ~o 13, 422 1 13, 440 o 

======<=======l======:=======l======= 
18, 757 1, 080 18, 732 25 I 1, 080 18,732 I 0 ! 0 I 13,379 30, 135 I 42, 160 0 

18,757 1 1, 080 1s, 732 25 1 1, oso 18,732 1====o=l:====o=1.'==14=, =16=1=l===3o=, 4=3=9 1==43=, 1=6=6=l====1 

====I===== 
............ / ................................ / ............ ~ ........... / ........................ / 190 1991 370 0 

·212 
66· 

378 

~ m ~ ~~ ~~ 
~ oo ~ ~m ~-
~~ m ~~ ~m ~~ 

7,687 
4,180 

27,548 

711 
0 
0 

656 . . . .. . .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. . .. .. .. - 2, 469 656 2, 469 9, 467 30, 062 39,415 711 

5, 958 
I, 712 
5,510 

I, &11 
166 
502 

====1======1=====1======1========1=======1=======:=====1====0~ 

5, 958 I, 84I 51 958 . . .. . .. .. .. . .. .. .. .. .. .. 6, 461 6, 835 
I, 712 I66 1, 712 .. .. .. .. .. .. . .. .. .. .. .. . 968 3, I97 
5, 510 502 -5, 5IO ............. - .. .. .. .. .. 80 9, 084 

12,649 
4,070 
9,156 

133 
0 
0 

25,875 I3,1SO 
----1-----l-----l-------l-------l----1-------: 

2, 509 I3, I8o 2, 509 I3, Iso ........ _ ... _ .. .. . .. .. .. 1, 509 I9, u6 1 

1====1 
133 

702 
828 

12,318 
~g~ ~g~ I4& g~ : 5~ 23J 2~: ~& }, ~~~ 1 2i; .g~g 3, ~6~ 

1, 039 12, 3I8 0 2, 593 26,015 I, 554 13, 697 16,901 1021 782 . 117,990 4, 420 
1-----1 

I3, 848 

27,028 

27,028 

1, 267 13, 101 141 2, 878 21, 692 1, 611 13, 985 47, s04 101, 218 1 150, 236 s, 376 
l========i======l=======l========i========l========l=======l========:=======l~====== 

3, 776 26, ss7 I41 6, 043 43, 341 2, 267 16, 454 64, 78o 1s1, 196 1 215, 526 9, 220 
1===1 

3, 776 1==26='=88=7=1 141 6, 043 43,,341 2, 267 16, 454 64, 970 157, 3951 215, 896 9, 220 

.................................................................. ············ ................. ····------·· ............. .. 115 1,IOO 1,203 0 

13 125 13 I25 1, 434 10, 745 12,035 . 0 
112 2,314 112 2,314 9, 737 22, 174 30,924 70 

1, 288 23, 582 1, 288 23, 582 46, I90 151, 602 193,, 202 3, 099 

. . .. .. .. .. .. .. . .. .. .. . .. .. .. .. . .. . .. .. .. .. . 1, 413 26, 021 I, 413 26, 021 57, 361 . I84, 521 236, 161 3, 169 

2, 333 I78 2, 333 =====I=====I=78=I===2,=3=33=i=_=_= __ =_= .. =_= .. =_ =_;: = .. ==. = .. =. = .. =. = .. =.il===4=7l=l===4=, 544==:1: ==4==, =96=9=!=======0 

3, 482 108 3, 482 I08 3, 482 .. -......... . . .. .. .. .. .. 809 15, 573 16, 300 0 
28, OS9 11 412 28,089 I, 412 28,089 .. . .. . .. .. .. .. .. .. .. .. .. 4, 121 58,335 62,055 0 
33,904 1,698 l---3-3,-9-04-l------l---1,-6-98-,;---3-3,-9-04-I-.-.-.. -.-.. -.-.. ---.I;----.-.. -.-.. -.-.. -. 1I---5,-4-0t-I---7-8-,4-5-2-I---83-,-32-4-I-----O 

1===========:======1======:========1========:========:======1===========1========1====== 

.dfo I '1 ,,:,~I .&~ ~i , •. t:r .tm J.! ,~iii ~ 
------I--------,--------J-------·J------I·-------I--------I-------I-------

53, 022 1 121 3, 255 1 63, 733 99o Io, 111 65,424 321, 39o 380,220 sa1 
=======1=================1======:======:=========1=======1=========1======= 

86,926 I 127 6, 3(;6 I 123, 658 2, 403 I 36, 732 I I28, 186 584,363 699,705 4, 006 
====1========:======1=======:=~===:========1======1======1====== 

86,926 1 121 6, 366 1 123,658 2, 403 1 · 36, 732 1 I2s, 301 s8s, 463 100, 9os 4, oo6 
========'===~==='========'======='========'======~===~='====~='====:~ 

793 58 
1, 926 106 

50, 430 2, 101 

53, 149 2, 265 

87, o53 1 3, 963 

87, o53 1 3, 963 
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A SUPERPOWER SYSTEM FOR. THE REGION BETWEEN BOSTON AND WASHINGTON. 

TABLE 46.-Meclumical power-supply equipment and fuel used· 

. Establishments. Power-supply equipment. 

Prime movers. 

Size of plant Aver- A 
(horsepower). N urn- age size tgregate Steam engines. Steam turbines. Internal-com bus

tioil engines. Water wheels. 

2 3 

No power ........•... 

Steam power only: 
1-200 ............ . 
201-500 ......... . 
501 and above .. . 

Purchased electric 1 

power only: 
1-200 .......... .. 
201-500 ......... . 
501 and above .. . 

All other power: 
1-200 .......... .. 
201-500 ......... . 
501 and above .. . 

ber. (horse- orse-
power). power. 

4 5 6 

Total 
horse
power. 

7 

Num- Horse- Num- Horse-
her. power. ber. power. 

8 9 10 11 

Num- Horse- Num- Horse-
her. power. her. power. 

12 13 14 15 

30 ...................................................................................................... .. 
=====1=====1=======1======1====== 

g 7o81:::::::: :::::::::::1:::::::: ::::::::: 8 67 
12 291 
5 6, 293 

25 1, 425 

542 
3,495 

31,468 

35,505 

387 27 10, 510 
19 314 5, 968 
14 880 "' 12,396 

542 
3,495 

31,468 

35,505 

8 
21 
44 

73 

542 
2, 795 

15,018 

18,355 

5 16,450 ................................... . 
---11----1 

8 17, 150 ......................................................... 

---1----l-----·l--------l---ll------·l--------------l-------;----l-----
420 69' 28,874 ....................................................................................................... ······--··· ---····· ·······-· 

63 
10 
26 

45 
288 

5,950 

2, 849 1, 855 16 1, 260 0 ·0 29 375 5 220 
2, 882 11 630 16 1, 145 0 0 7 485 0 0 

155, 085 83, 123 67 21, 880 25 59, 243 - 3 950 5 I, 050 
99 -1-, 6-25-l--160-,-81-6-l---86-,-6-08-l·--9-9 I 24, 285 25 59, 243 --3-9-I---I-·,-8-10-I---10-I·-I-,-2-70-

=====1=====11=======1=======1'====-I======Ii=====l=======l=====l=======i=====l===== 
Total power.. 544 414 225,195 122,113 172 42,640 33 76,393 39 1,810 10 1,270 

=======1==== 1========1=====1===== 
Grand total.... 574 225,195 122,113 1721 42,640 33 76,393 39 1.810 10 1,270 

.==========1======1==== 

No power .......... . 8 ...................................................................................................... .. 

14133 310035. 11, 286 11, 286 116 10, 648 12 638 .................................. .. 
14,415 14,415 113 14,265 2 150 ................................... . 

49 830 40, 630 40, 630 278 40, 135 5 495 ................................... . 

Steam power only: 
1-200 ........... . 
201-500 ........ .. 
501 and above .. . 

==2=05=l====323=l====66='=3=31=1 66, 331 507 65, 048 19 I, 283 ................................... . 

Purchased' eiectric I 

··~~~~~~;~_::: n .. z;'! .!:~.1::::::::::: ::: :: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
All other power: 

1-200 .......... .. 
201-500 ........ .. 
501 and above .. . 

__ 4_8_
1 
__ 4_3_6·I--2-0,-9-04-I ............................................... __ · ......................... -- 1~ 

46 
18 
13 

77 

115 
332 
985 

313 

5, 291 
5,985 

12,807 

24,083 

4,609 
4,-612 
7, 014 

16,235 

42 
36 
32 

110 

2,385 
3,305 
3,654 

9, 344 0 

3 
0 
3 

6 

210 
0 

135 

345 

28 
10 
14 

52 

1, 346 
1,107 
3,225 

5, 778 

5 
1 
0 

6 

66 
100 

0 

768 

Total power. . 330 337 Ill, 318 I 82, 566 617 • 74, 392 25 I, 628 52 5, 778 6 768 
=====1=====1=======<=======1 ================== 

Nopo::d.~~L::: :: .......... "':'181. .. ~·-~- ....• 17.1.. .. ":'~ ..... ~- .... •:•~ .... ~' .. . :·."' ...... ' .... 767 
Steam power only: 

1-200 ........... . 
201-.'jOO. : .. ..... . 
501 and above .. . 

20 
3 
7 

30 

79 
364 

4, 745 

1,100 

1, 575 j 
1,092 

33,216 

35,883 

1, 575 
1,092 

33,216 

35,883 

34 
12 
42 

88 

1, 575 
1,092 

10,500 

13, 167 

0 
0 

11 

11 

0 
0 

22,716 

22,716 ·------- ................................ .. 

p~~~'-cl:~t~;:: 11~ 32~ ~~ :::::::::::::::::::1::::::::::: ::::::::!::::::::::: ::::::::::::::::::: :::::::: ::::::::: 
501 and above. . . 13 8, 150 106, 089 ...................................... I ............................................... . 

~ __:._80-9-l--1-09--',-03_0_ 1 ___ -_-__ -_.-.. -.. -_1 ........................... , ............................. -I~ ~ 

150 35 5, 215 3, 127 47 I, 617 1 10 154 I, 4531 . 2 47 
16 300 4, 807 2, 203 28 2, 030 0 0 8 173 0 0 
19 3, 910 74, 143 16,265 70 12,208 11 3, 470 5 587 0 0 

I 
------l--------l------,--------:------:-------

185 347 84, 165 I 21,595 145 15,855 12 3, 480 167 2, 213 I 2 I 47 
=======1=========1 ======·========= 

Total power .. ===3=50=1~==·=6=55=!==22=9=, 0=78=1 57, 478 233 / 29, 022 23 I 26, 196 j 167 I 2, 213 I 2 -~ 471 

Grand totaL.. 393 1------·. 229,.078 I 57,478 233 I 29,022 I 23 1===2~=6,=196==;,===1=67=:1= ===2,=2=13=:,= ===2</= ===4=7 
1====='======1========.========·======= ====================================== 

All other power: 
1-200 .......... .. 
201-500 ......... . 
501 and above .. . 
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by ·industry suogroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. 
I 

Fuel used. 

Operated by purchased energy. Coal. 
Run bel current ~en-

Total. crate in establish-
Electric motors. mont. 

Total Coke 

Total Other Anthracite Bitumi- e~ft~~~~t 
(short 

horsepower. (horse- (long tons). nous(short tons). 

Number. Horse- power). Horse- Horse- tons). nous (short 
power. Number. power. Number. power. tons). 

16 17 18 19 20 21 22 23 24 25 26 27 

.............. ·········· .................. .............. ........... , .... ................. . ............... .................. 20 254 272 8 

.............. ............. ............... ................ 30 242 30 242 677 2,508 3,118 10 

................ ............. ................ ............ 254 2,384 254 2,384 5,908 17,941 23,241 592 

................ .............. .................. .............. 9,007 42,891 9,007 42,891 5,645 45,828 50,898 2,414 

.................. ............... ................. ............. 9,291 45,517 9,291 45.517 12,230 66,277 77,257 3,0~6 

10,510 3 257 10,510 ............... 3,257 10,510 .............. ................ 5,963 11,061 -6,431 469 
5,968 1:267 5,968 .............. 1,267 5,968 ................. ................ 7,041 17,820 24,140 687 

12,396 1,329 12,396 .............. 1,329 12,396 .. ............... ................. 5,161 22,955 27,605 400 

28,874 5,853 28,874 ·········· 5,853 28,874 ................ ............. 18,165 b1,386 68,176 1,556 
~ 

994 125 767 227 233 1,239 108 472 2,938 4,170 6,810 2 
1 252 316 1,252 0 389 1, 797 73 545 9,743 8,042 16,802 ·312 

71;962 12,073 71,962 0 25,421 163,894 13,348 91,932 53,991 364,960 414,360 5,782 

74,208 12,514 73,981 227 26,043 166,930 13,529 92,949 66,672 377,172 437,972 6,096 
= 

103,082 18,367 102,855 227 41,187 241,321 22,820 138,466 97,067 495,285 1 583,405 10.668 

103,082 18,367 102,855 227 41,187 1 24.1,321 22,820 138,466 97,087 495,5391 583,6771 10,676 

............. . ....... ~ . . .. . ~ ........... .. .......... ~ ... ................... ................... .. ................. . ............... 7,516 13,4931 2G,261 I 0 

............... .............. ................. ................ 49 482 49 482 23,875 120,156 141,64.8 1,000 

............... ............... ................ 162 1, 331 162 1,331 25,270. 107,876 130,619 0 

................ .............. .. ............... ............. 369 4,576 369 4,476 81,195 22;!, 719 302,794 0 

.................. ................ ................. ............... 580 6,389 580 ti,389 130,340 457,751 575,061 1,000 

1, 747 93 1, 747 ............... 93 1, 747 .................. .................. 3,145 4,367 7,197 0 
3,990 93 3,990 ............... 93 3,990 .. .............. .................. 106 388 483 0 

15,167 302 15,167 .... ..,., ........ 302 15,167 . ................ ................ 188 13,352 13,616 0 

20,904 488 20,904 ............... 488 20,904 ................. ................ 3,439 18,107 21,196 0 

682 70 682 0 . 101 869 31 187 2,755 25,526 28,005 0 
1,373 70 1,373 0 124 1,935 54 562 12,233 23,386 34,447 414 
5,793 72 3,843 1,950 146 4,777 74 934 14,430 20,579 33,566 0 

7,848 212 5,898 1,950 371 7,581 159 1,683 29,478 69,491 96,018 414 

28,752 700 26,802 1, 950 1,439 34,874 739 8,072 163,257 545,3491 692,375 1, 414 

28,752 700 26,802 1,950 1,439 ·34,874 739 8,072 170,773 558,842 712,536 1,414 
- - -

................ ............... .................. ................ .................. ................. ................ ..................... 382 45 388 0 

................. ................ . ................ .................. 7 60 7 60 1,083 6,902 7,877 122 

................ ................. . ............... ................. 110 795 110 795 2,379 5,737 7,879 0 

............... ............. .. ................. .............. 1,311 32,009 1,341 32,009 1,252 191,739 192,864 9,906 

................. ............. ................. ................ 1,458 32,864 1,458 32,864 4,714 204,378 208,620 10,028 

333 328 333 ................... 328 333 .................... ....................... 1,404 2,194 3,454 60 
2,608 146 2,608 ................ 146 2,608 ................... ................... 6,177 2,473 8,035 114 

106,089 4,674 106,089 ............... 4,674 106,089 ........................................... 10,203 118,790 127,970 29,453 

109,030 5,148 109,030 ................ 5,148 109,030 ············!············ 17,784 123,457 139,459 29,627 

2,088 172 2,073 15 172 2,073. 0 0 1,225 5,392 6,494 110 
2,604 151 2,394 210 155 2,569 4 175 1,897 8,517 10,227 127 

57,878 3,379 57,878 0 3,517 62,147 138 4,269 8,220 154,640 162,038 15,555 

62,570 3, 702 62,345 225 3,844 66,789 142 4,444 11,342 168,549 178,759 15,792 

171,600 8,850 171,375 225 10,4so 1 208,683 1 1,600 37,308 33,840 496,384 526,8381 55,447 

171,6oo 1 8,850 1 171,375 225 10,4so 1 208,683 I 1,6oo 1 37,308 34,222 496,4291 527,226 \ 55,447 
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Establishment~. 

Size of plant Aver- A 
(horsepower). Num- age size tgregate 

ber. (horse orse-
power). power. 

3 4 6 

Total 
horse
power. 

7 

TABLE 46.-.Mechanical power-supply equipment andjuel used 

Power-supply equipment. 

Prime movers. 

Steam engines. Steam turbines. 

Nwn- Horse- Num- Horse-
her. power. b~r. power. 

8 9 10 11 

Internal-combus
tion engines. 

Num- Horse-
. ber. power . 

12 13 

Water wheels. 

Num- Horse-
her. power. 

14 15 

No power............ 1, 834 ...•. '·· ..............................................................•.......••........................ 

Steam power only: 
1-200 ..........•. 
201-500 ........•. 
501 and above ... 

Purcha!;ed electric 

303 
65 
29 

397 

71 21,657 
319 20,775 

1,600 46,524 

223 88,956 

power only: 
1-200. . . . . . . . . . . . 4, 791 9 42,920 
201-500. . . . . . • . . • 31 275 8, 535 

21,657 365 
20,775 141 
46,524 165 

88,956 671 

21,242 4 415 ............ ................... .. ........... ............... 
20,350 6 425 ............... .................. .. .............. .. ........... 
30,255 24 16,269 ............ ..................... .. ............ ................ 

71,847 34 17, 109 ............. ..................... .. .......... ............. 
I 

501 and above. . . 13 900 11, 758 .....................•............................................................... 
------1----1----1 
=4,=83=5=!===1=3=1==6=3,=2=13=1=·=· ·=· =· ·=··=-·=·.I •••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••• 

All other power: 
16,203 1-200 ...........• 607 41 24,525 186 9, 949 7 212 297 3, 797 78 2, 245 

201-500 .. ····•··· 77 307 23,607 14,808 119 11,694 1 250 25 1,185 19 1,679 
501 and above ... 52 1, 340 69,729 42, 164 207 26,102 10 13,644 30 532 25 1, 886 

736 159 117, 861 73,175. 512 47,745 18 14, 106 352 5, 514 122 5, 810 

Total power.. 5, 968 45 210, oao 162, 131 1, 183 119, 592 52 1 31, 215 352 5, 514 122 5, 810 

No power ........... . 

Grand total.... 7, 802 . . . . . . . . . 270, 030 162, 131 1, 183 119, 592 52 ) 31,215 352. 5, 514 122 5, 81~ 

33 ................... ··········· ........ ··········· ........ ) •.......... ········ ........... ········ ........ . 

StcaEJ?3~~~~-~~~=... 7261 · 39 28,5121 28,512 751 28,W21 10 I 470 ········1··· ········I················· 
gg~-~-ai><>;;a::: ~ ~gg l;~~ l;~fo ~~ l;~~ 8 8 :::::::: :::::::::::,:::::::: ::::::::: 

--m--1 44 32,2921 32,292 772 31,8221 w 1 470 1--······1·········· -1--- ............. . 

~ 
1 

P~~~y~'.'.~:. "'I 12 o,MSI. ·· · . ..1. ...I .... ·· ... 1 ........ 1 ..... ··· · ·· ·· .1. J .. I. ·· · 
t-< All other power: I I I I I I I I ~!~f~~~~~-::: . 27g . ~: Tt~g t~~~ 20~ ~:i~& g ::g 48 .. 588 . 8 98 

2861 56 16,1421 12,0791 2191 10,7401 9 6531 411 588j 51 98 

Total power.. 1,563 i . 35 55,0871 44,371 I 991 I 42,5621 191 1,1231 41 I 5881 51 98 

No Po::.~ .~~ru:::: I, 
59
: 1::: :::: · · · .~·.·~ .

1

. · · .~·. :
7
: .I···~~.~. ··":~'.I. · .': .1. ·· · '·.'~.I.. 41 ~ ·. · · ~.1 .. ·.·.:.I. · · · 

98 
.] 

Steam power only: 
1-200 ..........•. 
201-500 ......... . 
501 and above .. . 

Purchased · electric 
power only: 

1-QOO ••• ••••••••• 
201-500 ......... . 
501 and above •.. 

All other power: 
1-200 ....•....... 
201-500 ......... . 
501 and above .. . 

Total power .. 

Grand total. ... 

521 60 3,114 3,114.11231 3,1141· ol ol········l······-····1········1·······;· 5 312 . 1,560 1,560 32 1,560 0 0 ................................... . 111 3, 13o 241, o85 1 241, o85 1, 298 2o6, 175 19 34,910 ......... _ ................ _ .... _. ~ .. 

134 1,83o 1 245,7591 245,7591 1,4531 210,8491 19 1 34,910 1----····1··········-1---·····1·-····-·· 

27 
12 

9 

101 2, 736 I . I I I I I 
1,~~g 1!:~~ ::::::::::: ::::::::,:::::::::::1::::::::!::::::::::: :::::::: :::::::::::,::::::::,::::::::: 

==48=:'== =440=~'==21=, 1=39=:1=·=·. ·=· ·=·.·=·-,I· ...... -I- ......... -I- ...... -I· ......... -I· ................. -I- ...... -I- .... -.-. 

,:: 1 •. ~ .J:w I J:m 1 •. ,!: "l:; I J I "·'J l ;g I z I 
2021 3,130 632,8281 536,4641 3,845 519,2921 261 15,755 79 1,4171 o 1 

384/ 2,34o 899,7261 782,2231 5,298 730,1411 45/ 50,6651 791 1,417/ o 1 

387j ........ j 899,726/ 782,2231 5,298/ 730,141[ 45/ 50,(i65l 79) 1,417/ o 1 

0 
0 
0 

0 

0 

0 



INDUSTRY IN. THE SUPERPOWER. ZONE~ 121 

by induslT?J subgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. R~~t~a ~~:rab17:~: 
Electric mot0rs. ment. 

Total 
Coke 
(short 

Total 
Other 

Anthracite Bitumi- e~uivalent tons). 
liorsopower. 

(horse-
(long tons). nous(short itumi-

Horse-
power). 

Horse- Horse- tons). nous (short 
Number. power. Number. 'power. Number. power. tons). 

1G 17 18 19 20 21 22 23 24 25 26 27 

~ .................. .......... , ......... , .. ............. . .................. .. ............... .................... .................... 3,5S9 9, 731 12,931 118 

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

····!··· . ~I 2,453 483 2,453 23,1&S I 79,714 100,514 2,867 
................ .. ................................... 833 5,915 833 5,915 29,517 69,504 96,194 671 
.................. . ................................ 2,6!)1 . 30,449. 2,691 30,449 42,280 248,693 286,000 10,242 

................... ............... ................ ............. 4,007 38,817 4,007 38,817 94,982 398,001 482,708 13,780 

42,920 17,475 42,920 ............... 17,475 42,920 .. .................. .................. 27,649 36,968 61,768 663 
8,535 569 8,535 ............... 569 8,535 .................. ...................... 2,154 25,075 27,015 79 

11,758 977 11,758 ............... 977 11,758 ..................... ................ 2,120 30,447 32,357 0 

63,213 I9,02I 63,213 ........... 19,021 63,213 ................ ············ 31,923 92,490 121,I40 742 

8,322 940 ~~~~~ 2,060 1,137 7,529 I97 1,267 119,020 45,504 I52,524 1,503 
8, 799 818 0 1,486 12,650 668 3,851 19,239 52,572 69,872 I,211 

27,565 I, 794 27:565 0 3,213 . 43,271 I,419 15,706 80,906 150,084 222,784 I,919 

44,686 3,552 42,626 2,060 5,836 63,450 2,284 20,824 219,165 248,160 445,180 4,633 

107,899 22,573 105,839 2,o6o 1 28,864 I65,480 6,291 59,641 1 346,070 738,651 I,049,028l 19,155 

107,899 22,573 105,839 2,o6o 1 28,864 165, ·so I ., 291 59,641 I 349,629 748,382 I, 06I, 959 - 19,273 

.................. .......... ! ............ .......... ! ............ . ................................. 1, 7'11 247 1,8371 0 ············! 

............... ··········\············ ............ '"I 3, I26 927 3,1261 93,616 I38, 193 222,493' 3,234 

................ ................................. 131 705 131 705 4,355 5,575 9,505 0 

................. ................ .................. 228 1, 481 228 1, 481 7, 217 2,8I2 9,312 0 

................. ··········I············ .. ............. I, 286 I 5,312 1, 286 5,3121 105,188 146'; 580 241,310 3;234 

6,653 1,3691· 6,6531 .......... 1 1,369 6,653 ............ ! ............ ! 24,478 26,3571 48,3571 1,131 

3,g~y 534 2,~~ 1,385 972 4,268 438 2,014 37,820 46,670 80,.,. I 467 
102 0 261 634 159 413 4,959 10,806 15,266 39 

203 22 203 0 243 636 221 433 4,353 3,60I 7,521 0 

4,063 658 2,678 1,385 1, 476 5,538 8I8 2,860 I 47,132 61,077 Io3, 457 1 506 

10,716 2,027 9,331 1,3851 4,131 I7, 503 2,1041 8, I72 i 176,798 234,0I4 393,124 1 4,871 

IO, 716 2,0271 9,331 1,385 1 4,131 17,503 2,10-1 1 8,112 1 178,569 1 234,261 394,961 1 4,871 

............. ............... .............. .......... ! ........... _ . ................... ············'·········-··! 90 1 0 so 1 0 

.............. ............... ................ ............... ,,JI .60 2 
sol 

17,995 2, 749 18,900 0 
................. .............. .................... . ............... 0 0 120,9~ 17,441 0 15,700 0 
................ .............. ................... .. ............... I20,9831 2,595 2, 734,426 0 2,460,000 0 

................... ................ ····-······· . ............... 2,5971 121,043 2,597 121,043 1 2, 769,862 2,749 2,494,600 0 

2, 736 9I 2, 736 ............ 91 2, 736 .................... .................... I 3,I95 0 2,980 0 
4,I63 112 4,163 .............. 112 •1, 163 ................ .................... 2,361 20 2,140 0 

14,240 325 14,240 ................ 325 14,240 ..................... ................ 20,085 0 18,100 0 

21,139 528 2I, 139 .............. 528 21,139 ..................... .................. 25,641 20 23,220 0 

512 30 512 0 30 512 0 0 1,198 1,327 2,390 0 
1,130 42 I, 130 0 42 1,130 0 0 24,077 0 2I, 700 0 

9·1, 722 I,281 94,722 0 2,449 I59,422 I,I68 6!, 700 5, 731,766 25,567 5,180,000 0 

96,364 I,353 96,364 0 2,52I 161,0{}1 I,168 64,700 5, 757; 041 26,894 5, 204,090 0 

117,503 1,881 117,503 ol 5,646 303,246 

a, ""I 185,713 8, 552,544 29,~63 1, 121,910 1 0 

117,503 1,881 117,503 01 5,6461 303, 2~G 3, 765 185,743 8, 552,634 29,663 1, 121,990 1 0 
===-= 
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TABLE 46.-Mechanical power-supply equipment and fuel used 

i Establishments. Power-supply equipment. 

Prime movers. 
li3 
is: Size of plant 0 Aver-p. (horsepower.) At~r~~te Internal-com bus-
'0 Num- age size Steam engines. Steam turbines. Water wheels. 

ber. (horse- Total 
tion engines. 

i. power. power). horse-
power. Num- Horse- Num- Horse- Num- Horse- Num- Horse-

.= ber . power. ber. power. ber. power. ber. power. 
0 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No power ........... . 88 ······-·-·-·-··-···--·-·-·-·-·1·······-·-·········--·····---·········---; ....................... =. 
Steam power only: 

1-200. - - .. -- -.... 
201-500- .. -.. - . --
501 and above ... 

Purchased electric 
power only: 

1-200 .. - -·····-·· 
201-500 .. -- ..... . 
501 and above .. . 

All other power: 
1-200 ........... . 
201-500 .. -.-. -·-. 
501 and above ... 

Total power .. 

213 
35 
14 

78 
8 
4 

90 1 

.,, I 41 
31 

203 1 

555 

711 314 ' 
1,223 

165 

72 
300 
806 

12fi 

71 
303 

1,123 

279 

2000 

15,038 
11,005 
17,158 

43,201 

5,629 
2,405 
3,226 

11,260 

9,315 
12,431 
34,824 

56,1'i70 

111,031 

15,038 
I 11,005 

17,158 

5,863 
7,693 

18,293 

31,849 

75,050 
Grand totaL ... ===l===l~====l====l 643 ............. 111,031 75,050 

Steam power only: 

356 
131 
114 

601 

123 
117 
315 

555 

1,156 

1,156 

14,837 
11,005 
14,168 

40,010 

4,036 
6,220 

U,020 

24,276 

64,286 

64,286 

1-200____________ 20 20 20 1 20 
501 and above... 6,480 51,856 51,856 34 19,660 

~I 
11 

~I 
1 I 

12 1 

12 1 

,21 

201 
0 

2,990 

3,191 

0 
0 

275 

275 

3,466 

3,466 

0 
32,196 

93 
20 
20 

133 

133 

133 

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

........... 
------l-----l--------l--------l------l--------l------l--------l------

Purchased electric 
power only: 

1-200 ...••••..•.. 
201-500 •••.••.... 

9 5, 760 51,876 51,876 35 19,680 20 32,196 

13 70 
1 22.5 

906 
225 

====1======11====1=====1 
.............. 

1,352 7 475 
377 8 1,096 

3,848 2 150 

5,577 17 1, 721 

5,577 17 1, 721 

5,577 17 1, 721 

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

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

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

An~e~J>J:~~~e ___ ==1=:=1==6=,3=:=:=1==4=:=::=:=:=1=-·=·=-~=~=:~=~=;-~ -~:- -- -:~.~; -----:~- -- ·:::~- ------: -------:~t--·--; =:: 
Total power.. 31 3,350 102,729 77,534 5!l 30,3281 361 46,1961 41 3 910 



INDUSTRY IN THE SUPERPOWER ZONE. 123. 

by industry ttubgroups, by character of power supply-Continued. 

Power-supply equipment-Continued. Electric motors. Fuel used. 

Operated by purchased energy. Coal. 

Total. 
Run ba current gen-

orate in establish-
Electric motors. mont. 

Total Coke 
Other Bitumi- e~uivalent 

(short 
Total Anthracite tons). 

horsepower. (horse- (long tons). nous(short itumi-
Number. Horse- power). Horse- Horse- tons). nous(short 

power. Number. power. Number. power. tons). 

16 17 18 19 20 21 22 23 24 25 26 27 

................. ............. ................ ............. ................ ................... ................... .. ................. 35 602 633 .. ............... 

.............. .............. ................. ............... 8 195 8 195 5,068 60,586 65,140 41 

................ .............. ................. ............... 21 386 21 386 3, 720 33,484 36,830 0 

................. ............. ................... ................ 62 4,367 62 4,367 27,133 47,752 72,200 12 

.............. ............... ................. ............... 91 4,948 91 4,948 35,921 141,822 174,170 53 

5,629 173 5,629 173 5,629 ................ ............... 325 1,440 1, 730 0 
2,405 31 2,405 31 2,405 ................ .................. 0 669 669 0 
3,226 70 3,226 70 3,226 ................... .................... 64 814 870 0 

11,260 274 11,260 274 11,200 .................. ................ 389 2,923 3,269 0 

3,452 136 3,452 0 136 3,452 .... ~ ........ .................. 2,683 17,258 19,670 41 
4, 738 140 4, 738 0 141 4, 753 1 15 1,607 18,310 19,760 50 

16,531 239 16,531 0 292 19,300 53 2, 769 5,198 55,212 59,880 184 

24,721 515 24,721 0 569 27,505 54 2, 784 9,488 90,780 99,310 275 

35,981 789 35,981 0 934 43,713 145 7, 732 45,798 235,525 276,7491 328 

31\,981 789 35,981 0 934 43,713 1451 7, 732 45,833 236,127 277,382 328. 

................... ............... ................. .............. 0 0 .J 0 0 1,211 1, 211 781 

................... .............. .............. ............. 6, 732 74,478 74,478 12,822 200,078 211,618 2,025 

............. .......... .............. .............. 6, 732 74,478 6,732 74,478 12,822 201,289 212,829 2,806 

906 460 906 460 906 .............. ............... 3,536 956 4,138 0 
225 21 225 21 225 .............. ................ 340 0 306 0 

1,131 481 1,131 481 1,131 ................ .................... 3,876 956 4,444 0 

24,064 1,338 24,064 0 5,433 55,814 4,095 31,750 7,677 201,404 208,3.i.3 726 

2!>, 195 1, 819 25,195 0 12,646 131,423 10,827 106,228 24,375 403,649 425,586 3,532 



124 A SUPERPOWER SY.STEI\!l: FOR- TH:m REGJON ·BETWEEN BOSTON AND WASHINGTON • 

County. 
Size of plant 

(horsepower). 

.. TABLE 47.-Mechanica£ power~su.pply equ1:pment, 

[Data from census of 

Establil;:hmimts 
Power-supply equipment. 

reporting 1--'---..,---------~-----'-.;....----1 

power. 

Num
ber. 

.Aver- At~r~~te 
a_~e power. 
SIZe 

(horse-
power). 

Prime movers. 

Total 
horse-

Steam engines. 

power. Num- Horse-
. ·- ber. power. 

Steam turbines. 

Num- Horse-
her. power. 

-------'--[--------1---_..:.....----1---1--------------------
1 2 3 4 5 6 7 8 9 10 11 

--------1---------i--------·1---·1----------------------
·- . 'll-200 ...... · ...... :·...... . i41 . 51 7, 209 . 5, 573. . 68 4, 028 . 3 65 

.. 201-500...... .......... ~2 350 7,692 5,645 32 3,505 1 150 
Ch~shire ....... _ ........ 501 ~nd above ......... __ 6_~~~~~--o ____ o_ 

. 169 121 . 20, 529 15, 903 119 10, 878 . 4 215 

. . ll-:200 .. : .......... ,.... 317 . 33 10,55.& 6,568 89 - 4,629 2 . . 75 
201-500................ 29 262 7,640 5,065 36 3, 706 3 450 

Hillsborough .. :....... 501 and above ......... __ Is__ 4, 920 88,682 ~ ~ ~1__!,:_ 30,839 

: ; . 364 291 106,880 78,804 185 29,810 19 31,364 

l

l-200.................. 163 40 6,515 3,877 60 2,651 0 0 
. 201-500........... ..... 18 316 5,685 5,035 18 2,085 0 0 

:Merrimack ............ 501 and above......... 13 1, 710 22,398_ 18,755 48 6,315 0 0 

194 177 34,598 27,667 126 11,051 0 0 

New Hampshire· .... 

; ll-200.................. 164 35 5, 724 4, 153 71 3, 476 0 0 
201-500................ 3 255 765 765 2 475 0 0 . 

Rockingham ....... _ ... 50landabov_e·:;······ __ s __ 2,806 . 14,030 ~_:::..~--2-~ 

, . 172 119 : 20,519 18,448 92 15, 851 2 760 

. ll-200......... ...... ... Ill 4I 4,546 3, 712 . 49 2,426 0 . 0 
201-500................ I3 ~6 3, 723 2, 770 12 I, 765 0 0 

!
Bennington ........... 501andabove ......... --6-~~~--I0_~--2-~ 

• ' I30 114 I4,892 IO, 755 71 6,02I 2 I,363 
Vermont............ · . . ======== 

l

l-200.. .......... ...... I47 4I 6,081 4,941 65 2,846 0 0 
. . 201-500................ 15 333 . 4, 996 3,110 18 2, I70 0 0 

Windham ............. 50Iandabove ......... __ s_ 2,572 ~ I0,930 ~~--·o __ . ___ o_ 

. I67 143 23, 939 18,981 I03 7, 046 0 0 

; 11-200.................. 31 I4 432 340 8 222 1 48 
Barnstable ....• _ ....... SOlandabove: ........ __ l_~~~--3-~--0-----~ 

.. . .- . . . 32_ 43 I, 357 : . 1, 240. 11 1, 122 1 48 
-====-====-========= 

l

l-200 ........... , . ... .. 22I 29 6, 414 3, 401 . 54 I, $71 2 100 
201-500.;.............. 25 304 7, 594 5, 3I9 37 3 928 . 3 440 

Berkshire ............. 501,anda.t'ove .. -....... 29 ·2,230 64,575 52,112 194 24;726 13. 14,658 

· · · · 275 285 7R, 583 60, 832 285 · 30, 525 · 18· 15, 198 
==============_____:_ 

1
1-200.................. 815 22 18,326 6, 809 115 5, 543 4 135 
20I-500................ 44 298 I3, 171 7,807 62 6,301 8 760 

Bristol................ 501, and above ......... ~ 2, 820 313, 483 .25.5, 100 ~ 214, 201 __ 4o_ 37,084 

• 970 3.54 344, 980 269, 716 447 226, 045 52 37, 979 

{

1-200 ........ : ........ ; 12 ~- 126 121 3 43
1
-o- o 

Dukes .... ·• .. ·•···•·•· --I2 ____ 1l ~ --1-21----3----.-4-3-1-. --0----0-

{

1-200.................. I, 197 26 38, 4271 10, 992 180 9, 889 I 6 240 
201-bOO................ 57 310 17,681 12,569 88 11,584 3 175 

Essex................. .501 and above ......... ~ 3, 400 196,800 I62, 990 ~ ~~ __ 65_ 97,787 

I, 612 156 252,908 186, 55I 553 68,791 I 74 98,202 

Massachusetts ...... . 

l

l-200 .............. _.... I81 - 37 - 6, 699 --3, 523 - 36 I, 6551 1 -00-
201-500.......... .... .. 7 316 2, 213 1, 575 3 325 0 0 

Franklin ....... ~...... 501 and above ......... __ 11_ ~ _ 21,305 ~ ____ 19_ ~ __ 2_ ~ 

199 150 30, 217 19, 274 58 5, 130 3 1, 350 

1
1-200.................. 652 29 18, 99;5 · 1. 483 95 s, 1ss = 1 75 > 

201-500................ 44 303 13,307 7, 896 52 5, 781 2 70 
Hampden .. ··:· ....... 501 and above .. ·: .•... __ 6o_ 3, 365 201,932 139,576 ~ 45,231 __ 37_ 29,760 

756 310 234, 235 154, 955 372. . 56, 770 40 29, 905 
=========-==-====:===-

{

1-200.................. 145 3.5 5,135 · 2, 926 34 I, 562 2 22 
. 201-500................ 12 312 3, 745 2, 755 14 I, 935 0 0 

Hampshire............ 501 and above ......... __ I2_ 2, 865 34,380 ~ ~ __ 4_, ~:_ __ 5_ ~~ 

169 255 43, 260 22, 639 68 7, 534 7 5, 969 
===,=== = 



. INDUSTRY IN THE SU:PER:POWER ZONE. 125 

by cou,nties and size of plant. 

manufactures, 1919.) 

-
Power-supply equipment-Continued. Electric motors . .. 

Primo movers-Continued. 0 perated by purchased energy. 
.Number Run by current of estab-Total. generated in lishments Internal-com bus-· Water wheels. Electric motors. establishment. reporting tlon engines. 

Total Other no power. 
horse- (horse- -

Num- Horse- Num- Horse- power. Horse- power). Horse- Horse-
ber. power. ber. power. Number. power. Number. power. Number. power. 

---------
12 13 14 15 16 17 18 19 20 21 22 23 24 

------------
9 133 33 1,347 1,636 . 236 1,636 0 237 1,639 .1· 3 . ............ 
0 0 26 1,990 2,047 92 1,932 115 158 2,573 66 641 .................. 
0 0 10 1,340 943 69 943 0 84 1,113 15 170 ········-··· ------------
9 133 69 4,677 4,626 397 4,511 115 479 5,325 82 814 17 

24 198 44 I 1,666 3,990 783 3, 740 250 799 3,910 16 170 ................. 
0 0 9 909 2,575 273 2,575 0 502 4,249 229 1,674 ............... 
0 0 65 14,857 21,511 1, 779 21,511 0 2,879 53,110 1,100 31,599 ................ 

24 198 118 17,432 28,076 2,835 27,826 250 4,180 61,269 1,345 33,443 50 

8 126 34 1,100 2,638 453 2,612 26 467 2,696 14 84 ................ 
0 0 3•t 2,950 650 32 650 0 56 1,006 24 356 ................... 
0 0 46 12,440 3,643 470 3,643 0 562 4,337 92 694 ................ 

8 126 114 16,490 6,931 955 6,905 26 1,085 8,039 130 1,134 20 

14 207 14 470 1,571 230 1, 571 0 276 1, 7ag 46 162 .................... 
2 230 2 60 0 0 0 0 15 15 79 .................... 
0 0 6 870 500 111 500 0 663 6,855 552 6,355 ................. ---------------

16 437 22 1,400 2,071 341 2,071 0 954 8,667 613 6,596 24 

~I 
-

14 102· 38 1,184 834 
1321 

834 132 
8341 

0 0 ................. 
4 50 15 955 953 64 953 76 1, 271 12 318 ................... 
0 0 11 1,080 2,350 26 2,350 168 3,000 142 650 ................... 

---
2221 0 l 5,1051 18 152 64 3, 219 4,137 4,137 376' 154 968 14 

21 167 55 1,928 1,140 242 . 1,140 0 244 2, 780 2 1,640 ...................... 
0 0 14 940 1,886 205 1,886 0 325 2,195 120 309 ................. 
0 0 34 8,900 1,932 72 1,932 0 104 o· 2,927 32 995 .................... ---------

21 167 103 11,768 4,958 519 . 4,958 0 673· 
,. 

7,902 ·154 2,944 7 

12 59 3 11 92 10 92 0 10 92 0 0 ................... 
0 0 0 0 25 1 25 0 153 2,215 152 2,190 ..................... 

12 59 3 11 117 11 117 0 
. 

16,3 2,307 152 2,190 20 

18 347 25 1,083 3,013 512 3,001 12 559. 3,144 47 14c3 .................. 
2 110 11 841 2,275 234 2,275 0 316 3,018 82 743 .................. 
0 0 81 12,728 12.,463 847 12,463 0 5,334 ~9,068 4,487 36,605 .................. 

20 457 117 14,652 17,751 1,593 17,739 12 6,209 55.~30 4,616 37,491 40 

~ 484 18 647 11,517 2;0:!3 11,517 0 2,044 11,832 21 315 ............. 
5 221 9 525 5,364 378 5,364 0 487 7,021 109 1,657 ................ 
3 675 46 a,140 58,383 3,849 58,383 0 6,757 106,388 2,908 48,005 ................... 

49 1,380 73 4,312 75,264 6,250 75,264 0 9,288 125,241 3,038 49,977 120 

9 78 0 0 5 5 5 0 7 12 2 7 ............. 

9 78 0 0 5 5 5 0 7 12 2 7 6 

38 403 13 460 27,435 4,412 21,724 5, 711 4,688 23,386 276 1,662 ............... 
0 0 16 810 5,112 584 5,112 0 881 8,962 . 297 3,850 ................... 

11 870 57 17,015 33,810 4,523 33,810 0 17,011 151,113 12,488 117,303 .................. ------------
49 1,273 86 18,285 6~,357 9,519 60,646 5, 711 22,580 183,461 13,061 122,815 210 

= 17 216 45 1,602 3,176 629 3,176 0 757 3,804 128 628 ..................... 
1 125 7 1,125 638 61 638 0 116 1,086 55 448 .................... 
0 0 31 9, 726 7,129 991 7,129 0 1,128 10,319 137 3,190 ............... 

18 341 83 12,453 10,943 1,681 10.943 0 2,001 1 15,209 320 1 4,266 15 
---------------= 

14 209 38 1,441 11,512 2,347 11,188 324 2,450 12,090 103 902 ..................... 
1 3 27 2,042 5,411 630 5,411 0 1,046. 7,685 416 2,274 ................... 
4 52 177 64,533 62,357 2,849 50,257 12,100 5,413 99,418 2,564 49,161 ................. ---------

19 264 242 68,016· 79,280 5,826 66,856 12,424 8,909 119,193 3,083 52,337 135 

6 127 36 1, 2151' 2,209 334 2,209 0 399 2,310 65. 101 .................. 
0 0 8 820 990 119 990 0 383 1,222 264 232 .................. 
3 635 36 6,339 17,422 1,652 17,422 0 1,850 23,534 198 6,112 ................. 

9 762 80 8,3741 20,621 2,105 20,621 0 2,632 27,066 527 6,445 34 
==== =. 



I 

126 .A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

State. County. Size of plant 
(horsepower). 

TABLE 47.-Mechanical power-supply equipment, 

Establishments 
Power-supply equipment. 

reporting ----=------------------1 
PO\Vef. 

Num
ber. 

Aver- Atg~is~te 
a_ge power. 
SlZe 

(horse-
power). 

Total 
horse

·power. 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
her. power. her. power. 

-------1---------1---------1---------------------------
1 2 3 4 5 6 7 8 10 11 

-------·1---------1---------1---------------------------

Massachusetts •••••.. 
(Uontinued.) 

Rhode Island .••••.. 

Connecticut ••••••••• 

!

1-200 .................. 1,410 30 43,080 20,548 306 17,702 10 367 
201-500:............... 102 304 31, 020 18, 936 121 16, 741 6 631 

Middlesex.............. 501 and above ......... __ 81_ 2, 450 198, 21Q, 143, 116 352 66, 246 80 47, 138 

1, 593 1 110 212, 3to 182, 600 779 100, 689 96 48, 136 

{

1-200 .... :............. 6 1- 21- 163 16J ___ 3_----ui3 o 1- o 
Nantucket............ . . 

6 27 163 163 3 163 0 0 

l
l-200.................. 420 33 13,902 6,215 98 5,470 . 1 46 
201-500.... ............ 38 343 13,063 8,595 44 6, 718 3 227 

Norfolk ............... 501 and above......... 23 1, 750 40,473 19,330 40 12,285 10 5,9S3 

481 140 67,438 34,140 182 24,473 14 6,256 
-------------------------

!
1-200. ................. 370 38 14,067 6,539 81 5,336 • 1 20 
201.,.500 ............. _. __ . 34 321 10,906 6,120 43 4, 839 3 614 

Plymouth ............. 501 and above......... 12 1,825 21,998 17,122 29 12,375 12 4,137 

416 112 46,971 29,781 153 22,550 16 4, 771 
------------=----------

!

1-200 .................. 2,501 18 44,293 13,368 214 ~II,971 5 I 9 
201-500................ 87 328 28,592 13,039 136 12, 112 3 688 

Suffolk ................ 501andabove......... 46 1,290 59,779 41,082 169 29,777 24 10,380 

2,634 50 132,664 67,489 519 53,860 . 32 ll,077 

!
1-200.................. 1,139 39 43,997 20,451 236 15,4141 3 75 
201-500................ 110 309 34,017 18, 653 99 13,358 1 100 

Worcester ............. 501andabove., ..... :. 101 1,930 195,688 120,340 469 85,413 ~~ 

1,350 202 273,702 159,444 804 114,1851 172 17,186 
== ====== 

!
1-200 .............. ·'·.. 53 17 915 259 9 251 0 0 
201-500................ 1 363 363 0 0 0 0 0 

Bristol. .............. 501 and above......... 7 21200. 15,401 10,039 13 9, 739 1 300 

' . 61 272 16,679 10,298 22 9, !)90 1 300 

!

1-200.. ................ 76 30 2,305 1,167 18 1,087 0 0 
201-500................ 5 339 1 695 1,195 6 875 0 0 

Kent.. ................ 50land above......... 17 1, 705 29;149 29,149 77 17,659 3 2,605 

981 338 33,149 31,511 -wi 19,621 3 2,fl05 

' !1-200. ················· -m·--16-~ 1,344 20 -----w--1--2- 140 
201-500................ 1 350 350 0 0 0 0 0 

Newport .............. 50land above ......... __ 4_ 2,384 ~ 9,204 8 ~--3- 5,764 

122 96 II' 746 10,548 28 4, 072 I 5 5, 904 

!
1-200.................. 1,5491 251 38,610 11,831 207 10,111 4 91 
201-500.. .............. 86. 310 26,550 16,349 127 13,886 3 350 

Providen.Je ............ 50land above ......... ~~ 2,550 276,181 226,339 320 111,202 __ 58_ 97,536 

. 1, 743 195 1 341,341 254,519 ~ 1as, 199 65 97,977 

l
l-200.................. 87 421 - 3, 659 2, 765 30 1, 6581 1 50 
201-500 .......... :..... 14 296 4,156 . 3,325 20 2,170 0 0 

Washington ........... 501 and above ......... __ 6_~;~~~~.--2-~ 

107 126 I 13,555 10,598 I 121 7,128 3 950 

l
l-200.................. 8431 30 I 25,750 . 11,'5851 168 8, 356 11 I 251 

Fairfi ld 201-500................ 41 328 13,559 7, 233 40 s, 23a 6 583 
e • • •· ·-- · • ---- 501 and above......... 48 2, 140 102,591 f>4, 848 146 34,457 39 28,300 

----w21151 141, ooo s.i, 6661354 48,046 --5-6 1 29, 134 

l
l-200.................. . 756

1

. 27 . 20.005 6,283 104 5,152 1 I 50 · 
Hartford 201-500................ . 68 30! 20,711 12,967 77 9,172 17 524 

•• • · · •· ··-- · · • 601 and above......... 57 1, 640 93,719 43,435 126 26,813 13 5, 991 

s81 1 • 152 134,435 62,685 307 41, 137 21 1 6, s6s 

!
1-200 ... _. _ .. __ __ __ _ __ _ 226! 30 6, 760 4, 730 54 2,491 1 I 12 

L 't hfi ld 201-500................ 13 313 4, 061 3, 572 17 2, 465 1 167 1 c e -- ••••··•·••• 501 and above......... 12 1, 840 22,135 18,610 19 6, 530 8 11,200 

I 251 I 131 32,956 26,912 90 I 11,386 I Hl I 11,379_ 



INDUSTRY IN THE SUPERPOWER ZONE. 127 

by counties and size of plant-Continued. 

Powor-suppiy equipment-Continued. Electric motors. 

Primo movers-Continued. Operated by purchased energy. 
Number Run by cur-rent of estab-Total. generated in lishments 

lntcmnl-combu,_ I Water wheels. Electric motors. establishment. reporting tion engines. 
Total Other no power. 
horse- (horse-

Num- Horse- Num- Horse- power. 
Number. Horse- power). 

Number. Horse- Horse-
ber. power. ber. - power. power. power. Number. power. 

---------------
12 13 14 15 16 17 18 19 20 21 22 23 24 

' ---------------
80 1,~~g 34 1,067 22,532 4,335 20,621 1,911 4,597 22,336 262 1, 715 ............... 
5 16 1,185 12,084 1,357 12,084 0 1,9?3 16,339 .616 4,255 ············ 1 10 113 29,722 55,094 3,809 55,094 0 9,511 124,198 . 5, 702 69,104 .............. ------1631 31,974 

---
86 1,802 89,710 9,501 87,799 1,'911 16,081 162,873 6,580 75,074 273 

0 0 ol 0 0 0 0 0 0 0 0 0 .................. 
I 

o. 0 Ol 0 0 0 0 0 0 0 0 0 3 

18 231 13 468 7,687 1,393 7,433 254 1,477 7, 779 84 346 .................. 
4 453 17 1,197 4,468 363 4,468 0 671 6,018 308 1,550 .................. 
2 52 17 1,010 2I, 143 2,106 21,143 0 2,557 ' 28,309 45I 7,166 ................... 

24 736 47 2,675· 33,298 3,862 33,044 254 4, 705 42,106 843 9,062 58 

I9 351 29 832 7,528 1,368 6, 7.98 730 1,444 7,427 76 629 ................... 
3 136 11 531 4, 786 847· 4, 786 0 910 5,450 63 664 .................. 
0 0 8 610 4,876 506 4,876 0 680 8,360 174 3,484 .................... ------

22 487 48 1,973 17,190 2, 721 16,460 730 3,034 21,237 3I3 4, 777 53 

64 I,~ 7 164 '3() 925 8,866 29, I06 1,819 9,392 31,271 o526 2, I65 ..................... 
6 1 35 15:553 -2,246· 15,093 460 3,259 19,044 1,013 3,951 .................. 
5 425 17 500 18,697 1,563 18,497 200 4,809 43,659 3,246 25, I62 .................... ------

75 1,8.?3 25 699 65, I75 12,675 62,696 2,479 17,460 93,974 4;785 31,278 698 

44 842 103 4,120 23,546 4,384 23,091 455 4,694 25,223 310 2,132 ................... 
0 0 65 5,195 15,364 1,823 15,364 0 2,513 19,038 690 3,674 .................. 
2 827 76 17,079 75,348 4,151 75,348 0 6,·695 10€, 601 2,544 31,253 ..................... ------------

46 1,669 244 26,404 114,258 10,358 113,803 455 13,.902 150,862 3,544 37,059 168 

= ---= 
2 8 0 0 656 127 654 2 127 654 0 0 .................. 
0 0 0 0 363 6 363 0 6 363 0 0 .................. 
0 0 0 0 5,362 256 5,362 0 283 6,229 27 867 ................. 

2 s· 0 0 6,381 389 6,379 2 416 7,246 27 867 15 ------------
6 55 1 25 1,138 ·329 1,103 35 331 I, 126 2 23 ............. 
2 20 3 300 500 43 500 0 188 946 145 446 .....•...... 
0 0 53 8,885 0 0 0 0 382 4,534 382 4,534 ............... ---------
8 75 57 9,210 1,638 372 1,603 35 901 6,606 529 5,003 9 

---
515 157 ol 32 447 3 110 515 160 523 3 8 ................. 

0 0 0 0 350 45 350 

:I 
45 350 0 0 ············ 2 15 b 0 333 5 333 683 4,876 678 4,543 ............... ---------------

3-l 462 3 110 .1, 198 207 1,198 888 5, 749 681 4,551 25 
= 1,32g I 43 652 27 977 26,779 5,315 25,458 5,606 27,666 291 2,208 .............. 

1 4 23 2,109 10,201 1,211 10,201 1,583 13,404 372 3,203 ............... 
6 3,125 103 14,476 49,842 4,517 49,842 10,670 101,936 6,153 52,094 .................. ------------

50 3, 781 153 17,562 86,822 11,043 85,501 1, 321 17,859 143,006 6,816 57,505 375 
= ------

839 1,0791 16 10-l 21 953 894 214 55 347 133 240 ................ 
2 35 23 I, 120 831 64 831 0 143 1,523 79 692 ............... 
0 0 6 308 1,232 27 1,232 0 109 2,601 82 1,369 ................ 

---------------
18 139 50 2,381 2,957 305 2,902 55 599 5,203 29! 2,301 15 

---------
65 1, 051 33 1, 927 JA, 165· 2,400 14,165 0 2,619 15, 177 219 1, 012 ............. 
4 355 7 1,062 6,326 616 6,326 0 876• 9,013 260 2,687 ................. 
8 869 13 1,222 37,743 2,865 37,743 0 6,569 75,237 3, 704 37,494 ............. ------------

77 2,275 33 4, 211 58,234 5,881 58,234 0 10,064 99,427 4,183 41,193 160 
= ------------

29 265 27 816 13,722 2, 318 13,722 0 2,563 15,298 245 1,5761 ............ 
12 238 43 3,033 7, 744 583 7, 744 0 800 9, 773 217 2,029 ············ 
1 60 •68 10,571 50,284 2,642 50,284 0 3,966 68,590 1,324• 18,306 ......••.... 

---------------
93,661 1 21,911 1 42 563 138 14,420 71,750 5,543 71,750 0 7, 329 1, 786 181 

~ ------------
36 545 46 1,682 2,030 288 2,018 12 472 2, 941 184 9231 ............ 
0 0 16 1, 040 489 36 489 0 115 1, 555 79 1,066 ············ 
0 0 10 880 3, 525 274 3,525 0 603 13,.478 329 9,953 ............ ---------

6,044 11,9421 36 545 72 3,602 598 6,032 1~ I, 190 17,974 5~2 35 
======:==-



128 A SUPERPOWER SYSTEM FOR. THE R.EGION BETWEEN BOSTON AND W'ASHINGTON. 

TABLE 47.-:-Mechanical power-supply equipment, 

Establishments 
Power-supply equipment. 

' ' reporting 
power. Prime movers. 

State. County. Size of plant 
(horsepower). 

Aver-
Atgregate Steam engines. Steam turbil)es. 

~rse-

Num- age power. Total 
ber. size horse-

(horse- power. Num- Horse- Num- Horse-power). ber. power. ber. power. 

---------------------------
1 2 : 3 4 5 6 7 8 9 10 11 

-------------------------

r""·················· 
205 32 6,476 4,092 . 55 2,181 2 70 

Middlesex .............. 201-500 ......••.••.•.•. 13 292 3, 796 3,050 15 1, 432 1 . 25 
501 and above ......... 8 765 6,117 . 3,877 . 20 2,698 1 30 

. 226 73 16,:}89 11,019 90 ~~--4- 125 
-----------------==:= ----

r""·················· 
1,164 23 26,456 "9, 925 187 8,0091 6 215 

New~ven ........... 201-500 ..........••.... 89 325 28,894 18, 148 123 15,795 7 809 
501 and above ......... 64 2,520 161,470 106,182 212 48,628 51 49,962 

1,317 164 216,820 134,255 552 72,"432 64 50,986 
----------------------------r200 ... : .... 257 31 . 8, 129 5,119 64 2,898 2 195 

Connecticut •...... N13w London .•........ 201-500 ... ··•·••·· .••.. 29 330 9, 622 5, 904 55 4,432 0 0 
(Continued.)· 501 and above ......... 33 1,510 50,002 41,052 72 20,909 9 5,453 

------------------
319 212 . 67, 753 52, 075 191 28, 239 11 5,648 --------

·381 1,266 1 

r""·················· 
98 25 ~~~ 25 

Tolland .•.....•....... 201-500 ....... ·····••·· 14 337 4, 740 3, 724 19 2, 210 0 0 
501 and above ....•.... 7 982 6, 871 6,150 23 4,075 0 0 

0 119 118 14, os2 1 11,972 so i .7, 551 1 1 25 
----------62-,~--3-r200 .................. 173 31 5, 313 . 4, 480 28 

Windham •......•..... 201-500 ...•..... ···•·•· 8 287 2, 298 2,038 7 955 0 0 
501 and above ......... 20 2,469 49,392 45,570 67" 23,145 13 7,286 

-------- --pG"j 26,875 --16-201 -283 57, 003 52,088 7,314 
====== r200 .................. 413 29 11,805 3, 790 76 3,248 0 0 

201-500 ......... ······. 31 310 9,629 4,128 42 4,128 0 0 
Albany ..••.••........ SOl and above ......... 15 2,670 40,020 ll, 985 25 7,390 5 4,300 

459 134 61,454 -19,903 143 14,766 . 5 4,300 
------ -----------

ll-200 ....... ······ .... 880 15. 13,121 5,314 --50-1~ 2 150 
201-500. ······••··· .... . 12 296 3,554 2300 20 2,170 0 0 

Bronx .....•••........• 501 and above ......... 16 1,160 18,484 15:286 106 12,204 5 395 

908 40 35,159 22,900 176118,074 7 545 . ---
29 6, 852 3, 376 531 2, 794 . 2 t""······· ········· 238 49 

201-500 ................ 13 353 4, 604 3, 4.16 23 2, 759 6 585 
Broome .•.•... : ....... 501 and above ..•...... 9 1, 626 14, 633 13, 750 25 4, 235 6 9,500 

260 1~ 26,089 20,582 . .101 i 9, 788 . 14 10,134 

t""·················· 122.· 29 3, 589 2, 707 241 1, 342 0 0 
201-500 ................ 9 373 3, 363 2, 933 16 1, 773 2 400 

Columbia ...•.•....... 501 and above ......... 10 ~~~--29_~ __ o_ 0 

ll-200 .................. 
141 . 180 25, 466 . 22, 960 69 1 16, _430 2 400 

163 
3[ I 5,141 '·"'I [[51 3,648 0 

0 
New York ••••••••.•. Delaware ....•...•....• 201-500 ••.... ·········· 1 415 415 415 7 400 ' 0 0 . 

164 34 1 s, 556 4, 847 122 1 4, o48 o 0 

ll-200 ................. 219 281 6, 124 3, 1361 571 2, 067 3 275 
201-500 •.•...•...... · ... 14 276 3, 876 2, 204 . 26 1, 640 3 119 

Dutchess ..•••••....... 501 and above .......•. 13 1, 450 18, 957 10, 016 76 4, 728 8 2,545 
~ 

us I 28, 957 . 15,356 I 159 I 8, 435 14 246 2,939 

ll-200 .................. 310 " 8,424 <;9t9 " 1 <,0821 t 125 
~01-500 .•. ·•··•··•··· .. 15 316 4, 743 2, 723 21 2, 413 0 0 

Fulton ..•.•.•......... 501 and above .•....•.. 1 573 573 , 210 1 150 0 0 

326 --42-13,7407,852--86- 6, 645,-.-~- 125 

l[-200 ............ : ..... ========== 
104 19 I, 949 I, 216 28 923 1 25 

201-500 ................ 3 242 725 625 8 625 0 0 
Greene ................ 501 and above .••...... 2 8, 125 16, 250 16, 250 4 4, 000 3 6,250 

----------------------------
109 173 18,924 18,091 40 5,548 4 6,275 

r-200- ........... :..... !55 . ,. 5, 255 '· 877 ... '· 691 I • o 
. 201-500................ 20 330 6,607 4,038 25 3,335 0 0 

Herkimer._ ............ 501andabove ..•...... -~15_ 1,240 18,606 ~--31_~ __ o _____ o_ 

19o I6o 3o, 468 16,335 102 10, 726 1 o o 
=!=.==·==== 



INDUSTRY IN :THE SUPEHPOWER ZONE.- J.29 

by counties and size of plant-Continued. 

Power-supply equipment-Continue~l. Electric motors. 
: .. .. 

-- .. 
Primo movers-Continued. Operated by purchased energy. 

Number ... Run by current of estab-Total. generated in lishments .In tornal-com bus- Water wheels. Electric motors'. ·establishment . reporting tion engines. 
Total Other no power. 
horse- '• . (horse-

Num- Horse- Num~ Horse-· power. Horse- power). Horse- Horse-
bcr. power. ber. power. Number. power. Number. power. Number. power. 

--- ---------
12· 13 1<1 15 16 17 . 18 19 20 21 22 23 24 

------------
48 678 34 1,163 2,384 391 2,384 0 .434 I 2,681 43 297 ................ 
7 70 17 ·1,523 746 60 746. 0 117 I, 342 57 596 ................. 
5 226 ,16 . 923 2,240 373 2, 240 0. 784 3, 506. ... 411 1,266 .................. 

. . 
60 974 67• -3,609 5,370 . 824 5,370 0 1,335 7, 529 511 2,159 32 

= 
16,531 16,319 74 823 32 878 '3,627 212 3, 7561 17, 153 1291 834 .................. 

6 299 20 I, 245 10,746 1, 208 10,746 0. 1, 924 17, 516 716 6, 770 .................... 
12 2, 720 35 4,872 55,288 3,011 55,2881 0 7,3481 102,805 4,3371 

47,517 ................ 

92 3,842 87 6,995 82,565 7,846 82,353 212 13,028 137, 474 5,182 55,121 356 
r=== 

843 18 163 13 1,863 3,010 445 3,000 .. 10 
5771 

3,843 132 .................. 
5 135 15 1,337 3, 718 481 3, 718 0 570 4, 262 89 544 .................. 
6 1, 645 61 13,045 8,950 859 8, 950 0 1,646 20,843 787 11,893 ................. 

29 1, 943 89 16,245 15,678 1, 785 15,668 10 2, 7931 28,948 1,008 13,280 66 

20 196 4 611 343 66 343 0 . 70 369 4 26 ................... 
0 0 20 1, 514 1, 016 142 1,016 0 206 1, 918 64 902 ...................... 
0 0 21 2, 075 721 68- 721 0 594 4,471 ··526 3, 750 .................... 

---------
20 196 45 4, 200 2, 080 276 2,080 0 870 6, 758 594 4,678 13 

---------
31 410 32 1, 267 . 833 216 828 5 222 874 6 46 ................... 

3 276 9 807 260 242 160 0 289 876 47 616 .................. 
0 0 72 15, 139 3,822 384 3, 822 0 . 805 8,907 421 5,085 ...................... --- ------------

34 686 113 17, 213 4, 915 842 4,910 5 1,316. 10,657 474 5, 747 22 

22 164 7 378 8,015 1,333 8,014 1 1,429 8,620 96 606 .................. 
0 0 0 0 5,501 476 5,501 0 635 6,835 159 1,334 .................. 
0 0 2 295 .28,035 915 28,035. 0 1,490 . 40,788 575 12,753 .................... ---

22 164 9 673 41,551 2, 724 41,550 1 3,554 56,243 830 14,693 138 

105 1,464 0 0 7,807 2,550 7, 717 90 2,675 10,836 125 3,119 ..................... 
1 35 2 95 1,254 155 1,254 0 261 2,067 106 813 ..................... 

26 2,687 0 0 3,198 544 3,198 0 978 9,323 434 6,125 .................. 
---------------

132 ~,186 2 95 12,259 3,249 12,169 90 3,914 22,226 665 10,057 471 

27 . 289 10 244 3,476 749 3,476 0 788 3, 729 39 253 ............. 
'2 7 3 105 1,148 53 1,148 0 270 2,161 217 1,013 ............ 
1 15 0 0 883 38 883 0 2,638 18,332 2,600 17,449 ............... 

---
30 311 13 3•19 . 5,507 840 5,507 0 3,696 24,222 2,856 18,715 68 

= I= 
17 lOll 40 1,256 882 155 882 0 163 995 8 113 ............. 
1 5 9 755 430 13 430 0 39 932 26 502 ............. 
1 50 15 3,955 1,194 85 1,194 0 194 4,364 109 3,170 ............ 

------
19 164 64 ,5,9661 2,506 253 2,506 0 396 6,291 143 3,785 40 

41 311 28 "gl 709 166 709 0 240 1,140 74 431 
2 15 0 0 0 0 0 0 0 0 0 1:::::::::::: 

------___ , 
1,140 1 431 1 43 326 28 473 709 166 709 0 240 74 34 

------
3:3 385 14 409 2,988 663 2, 936 52 689 3,2291 26 293 ---------··· 
0 0 2 445 1,672 184 1,672 0 278 2,647 94 975 ············ 

16 195 9 2,548 8, 941 336 8, 941 0 1,087 14,392 751 5,451 ............. ------------------
2J,2681 49 580 25 3,402 13,601 1,183 13,549 52 2,054 811 6, 719 61 

5 40 25 672 3,505 740 3,440 65 741 I 3,450 1 10 ................. 
0 0 3 310 2,020 129 2,020 0 .196 2,702 67 682 .............. 
0 0 2 60 363 16 363 0 29 556 13 193 ............. 

------------
5 40 30 1,042 5,888 885 5,823 65 966 6, 708 81 885 57 

15 60 11 208 733 104 733 0 104 7331 0 0 ................. 
0 0 0 0 100 2 100 0 7 400 5 300 ................ 
8 6,000 0 0 0 0 0 0 177 8,944 177 8,944 ................... 

---------------
10,0771 23 6,060 11 208 833 106 833 0 288 182 9,244 27 

---
8 73 32 I, 113 1, 378 252 1,378 0 284 1, 718 32 340 ................ 
7 98 4 605 2,569 195 2,569 0 359 3,801 164 1,232 ................ 
4 15 21 3, 705 10,186 578 10, 186 0 860 14, 176 282 3,990 .............. ---------------

19 186 57 fi,429 14, 133 1,02.5 14, 133 0 1,503 19,695 478 5,562 33 



130 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

TABLE 47.-Mechanical powe:r-supply equipment, 

Establishments 
Power-supply equipment. 

reporting 
power. Prime movers. 

Size of plant 
St11te. County. (horsepower). 

~egate Aver- rse- Steam engines. Steam turbines. 

Num- a_ge power. Total 
ber. SlZe horse-

(horse- power. Num- Horse- Num- Horse-power). ber. power. ber. power. 

---------------------
1 2 3 4 5 6 7 8 9 10 11 

----------------------

r~·-················ 
5,003 17 85,449 26,480 331 21,467 9 264 

201-500 ••.......•.•.•.. 93 314 29,138 14,901 106 14,251 2 130 
Kings ...•.•...•.•..... 501 and above ....•.•.. 80 2,129 170,333 105,141 591 80,755 ~ 23,455 

5,176 55 284,920 146,522 1, 028 1 116, 473 761 23,849. 

. . 

r~·-················ 
167 28 4, 712 1, 786 30 I 1,193 2 100 

201-500 ................ 7 544 2,406 1,275 6 1,275 0 0 
Montgomery .•......... 501 and above ......... 1a 1,470 19,229 7, 722 23 4,357 2 2, 700. 

--------------
187 140 26,347 10,783 59 6, 825 4 2,800 ·" ... ====: ==== 

r~·-················ 
242 14 3,411 1, 742 29 1,410 0 0 

201-500 ................ 2 263 525 300 1 300 0 0 
Nassau •...•..•..•..... 501 and above ......... 5 744 3, 720 2,960 7 1,685 7 1,175 

--------------
249 31 7,656 5,002 37 3,395 7 1,175 

----------------------------

r~·-················ 
17,562 8 140,758 29,126 280 23,310 4 245 

201-500 ................ 99 328 32,518 15,721 119 15,504 1 .'iO 
New York •••....•.... 501 and above ......... 79 1,215 95,8F 66,288 .403 63,035 15 2,398 

17,740 15 269,093 111,135 802 101,849 20 2,693 
--------------= ----------rL ... 479 31 14,804 7,783 164 5,064 9 181 

201-500 ................ 26 323 8,456 4,881 36 3,838 1 566 
Oneida ................ 501 and above ......... 29 165 47,947 32,244 61 19,719 23 11,063 

-------
534 134 71,207 44,908 261 ., 28, 621 33 11,810 . 

r~·-··············· 
-269 27 7,163 4,072 70 3,334 2 123 

201-500 ................ 20 287 5,733 4,564 30 ·3,679 0 0 
Orange •..............• 501 and above ......... 16 1,055 16,887 10,837 43 7,480 4 2,060 

-------
305 98 29,783 19,473 143 14,493 6 2,183 

N 
r~·-··············· 

120 33 3,956 3,070 I 65 1,951 0 0 
201-500 ................ 1 500 500 500 0 0 0 0 

Otsego •.... -........... 501 and above ......... 1 1,750 1, 750 1, 750 7 1, 750 0 0 

ew York ....••...• 122 51 ~~~--72-~ 0 0 
(Continued.) == = 

4841 4351 11 361 
Putnam ••............. 

r-200 ................... 20 24 0 0 
-------------

20 24 484 . 435 11 361 0 0 
_:__ =======: r>n .................. 846 26 21,646 7,393 111 5,254 2 144 

201-500 ................ 42 288 12,149 6,665 . 46 6,165 1 400 
Queens ••....••....... .501 and above ......... 35 1,700 59,482 49,560 314 31,738 33 17,822 

923 101 93,277 63,618 4711~ 36 18,366 
--------------=== -------

r~·-··············· 
241 32 7, 789 4,877 70 I 3,616 3 105 

201-500 .......•........ 16 303 4,854 3,234 37 2, 780 1 10 
Rensselaer ............ 50l.and above ......... 18 1,200 21,_715 15,850 51 10,104 9 4,170 

275 125 34,358 23,961 1581 16,500 13 4,285 

= 

r~·-················ 
160 16 2,531 1,446 321 1,241 0 0 

201-500 ................ 10 334 3,343 1,979 :20 1,579 4 400 
Richmond ..........•• 501 and above ......... 18 1, 775 32,097 20,775 89 19,246 7 979 

188 201 37,971 24,200 --w-1 22,066,--1-1 1,379 

= ====== 

r~·-················ 
119 30 3,532 2, 702 34 2,410 0 0 

201-500 ................ 7 400 2, 799 2,565. 11 2,115 2 450 
Rockla~d .... .-•....... 501 and above ......... 8 2,327 18,618 16,967 129 12,599 8 . 4,368 

134 187. 24,949 22,234 174 17,124 10 4,818 

r-200 ............... 116 35 4,048 2,357, 25 1,284 . 2 65 
201-500 ................ 11 287 3,167 2,300 12 990 0 0 

Saratoga .............. 501 and above ......... 17 4,950 84,805 84,167 76 14,495 7 13,650 . 

144 638 92,020 88,824 113 16,769 9 13,715 
------------------------r200. ... . .. . .... ... ... 113 19 .. 133 ..... , ,,, 1 . , 

201-500................ 3 318 953 163 5 75 3 88 
Schenectady ........•. 501and~above ..•...... __ 2_. 55,800 111,600 ~--15_~ __ 7_ 45,000 

118 965 114,686 56,696 27 11,477 11 45,093 
==.....:...___~=========== 
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by counties and size of plant-Continued. 

Power-supply equipment-Continued. Electric motors. 

Primo movers-Continued. Operated by purchased energy. 
Number Run by current of estab-

Internal-com bus-
Total. generated in lishments 

Water wheels. Electric motors. establishment. reporting tion o.nglnos. 
Total Other no power. 
horse- (horse-

Num- Horse- Num- Horse- power. 
Number. Horse- power). 

Number. Horse- Horse- ' 
bar. power. ber. power. power. power. Number. power. 

--------· ------
12 13 14 15 16 17 18 19 20 21 22 23 24 

·' --,----------
329 4,744 1 5 58,969 15,079 57,392 1,57~ 15,567 60,749 488 3,357 .............. 

4 520 0 0 14,237 1,684 14,229 2,216 19,896 532 5 667 ............... 
11 931 0 0 65,192 . 3, 769 64,942 250 8,257 115,224 4,488 50:282 ................. ------------

344 6,195 1 5 138,398 20,532 136,563 1,835 26,040 195,869 5,508 59,306 1,589 

6 78 8 415 2;926 I 567 2,926 0 569 2,941 2 15 .................... 
0 0 0 0 1,131 30 1,131 0 36 1,199 6 68 .................. 
0 0 5 665 11,507 989 11,507 0 1,383 14,923 394 3,416 ................... 

{j 78 13 1,080 15,564 1,586 15,564 0 1,988 19,063 402 3,4991 34 

42 332 0 0 1,gg~ 455 1,669 0 455 1,669 0 0 1 ............ 
0 0 0 0 21 22.'1 0 21 225 0 0 ............ 
1 100 0 0 7uo 155 760 0 480 1,560 325 800 ............ 

43 432 0 0 2,654 631 2,654 0 956 3,454 325 sool 71 

408 5,5ul 10 10 111,632 66,404 108,026 . 3,~~ 67,005 1g,~. 601 5,8291 ............ 
8 167 0 0 lU, 797 2,822 16,432 3,236 414 ~:~:::::::::::: 5 855 0 0 29,529 2,974 27,579 1, 950 6,.913 53:499 3,939 

421 u,583 10 10 157,958 72,200 152,037 5,921 77,154 187,030 1 4,954 34,993 1 5,279 

50 u74 5{i 1 804 7,021 1,132 7,021· 0 1,234 ~~~~ 102 732, ............ 
0 0 5 l 477 3,575 409 3,575 0 568 159 1,485 ............ 
3 72 14 1,390 15,703 816 15,703 0 1,672 27:699 ssu 11,996 ............ 

53 746 75 3, 731 26,299 2,357 26,299 0 3,474 40,512 1,117 14,213 1 170 

23 226 9 ~I 3,091 603 3,091 0 708 4,222 105 1,131 , ............ 
5 265 7 620 1,169 436 1,169 0 497 1,996 61 827 ............ 
0 0 10 1,297 6,050 245 6,050 0 691 10,287 446 4,237 •·•········• 

28 491 26 ~I 10,310 1,284 10,310 0 1,896 16,505 612 6,1951 62 

22 381 23 
7381 

886 154 88~ 0 269 1,2771 115 391, ............ 
0 0 4 500 0 0 0 39 500 39 500 ............ 
0 0 0 0 0 0 0 0 37 595 37 595 ............ ------------: 

2,3721 1,4861 22 381 27 1,2381 886 154 886 0 345 191 25 

11 74 0 oJ 49 15 491 0 
191 

88 

:I 
391··· ......... 

11 74 0 0 49 15 491 0 19 88 39 1 4 

114 1,995 0 0 14,253 2,962 
1}: 040 I 213 3,0631 14.972 

101 I 932 ................. 
0 0 1 100 5,484 493 .;484 0 877 ·. 8, 262 384 2, 778 ................. 
0 0 0 0 9,922 726 9, 922 0 2, 781 27, 128 2,055. 17, 206 ............... -----------

29,4461 6,121 1 2,54o 1 114 1,995 1 100 2tl,659 4,181 213 50,362 20,916 326 

30 376 20 780 2,912 471 2,7991 113 
7061 

3,539 
2351 

740 ................... 
0 0 8 444 1,620 121 1,620 0 304 3,099 183 1,479 ................... 
3 10 9 1,566 5,865 289 5,865 0 1,034 11,152 745 

I 
5,287 ................. 

------------
10,2841 2,044, 1,163J 33 386 37 2, 790 10,397 881 113j 17,790 7,506 1 82 

,.. -
273 lOg I 19 202 1 3 1,085 

9851 3061 
1,229 

33 ~ 244 .............. 
0 0 0 

g ·I 1, 364 52 1,364 115 2,032 .63 668 ............... 
3 550 0 11,322 390 11,322 1, 021 18,989 631 7,667 ............... 

22 752 I 1 3 I 13; 771 715 13,671 1 100 1 1,4421 22,250 7271 8,579 68 

5 60 6 23

81 
830 220 730 100 242 . 970 I 221 

240 .................. 
0 0 0 234 9 234 0 42 444 '33 210 .................. 
0 0 0 1,651 97 I 1,651 0 257 7,531 160 5,880 ................. 

5 60 6 2321 2,715 :i261 2,615 100 541 8,9451 2151 6,330' 21 

13 168 26 
840 I 1,691 231 1,691 0 231 1,691 I 0 0 .................. 

0 0 15 1,310 867 56 867 0 90 1,167 34 300 ................... 
0 0 70 56,022 638 26 638 0 1,519 14,926 1,493 14,288 .................. 

13 168 111 58,1721 3,196 313 3,i96 0 1,840 17,7841 1,527 14,588 29 

5 86 1 40 1, 700 341 1,700 0 341 1, 700 I 0 0 ............... 
0 0 0 0 790 250 790 0 250 790 0 0 .................. 
0 0 0 0 55,~0 7,680 55,500 0 15,530 114,500 7,850 59,000 .................... 

---
8~271 116,990 1 5 86 1 40 57,990 57,990 0 16,121 7,850 59,000 41 

-= 
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State. County. 
Size of pla:.1t 
(horsepower). 

TABLE 4i.-Mechanical power-supply equipment, 

Establishments 
Power-supply equipment. 

reporting 1----.-----~------------1 
power. 

Num
ber. 

Aver- At~~~te 
a_ge power. 
SIZe 

(horse-
power). 

Total 
horse
power. 

Prime movers. 

Steam engines~ Steam turbines. 

Num- Horse- Num- Horse-
her. power. her. power; 

--------1---------1--------~1---------------------------

1 2 3 4 5 6 7 8 9 10 11 

--------l--------,---l---------1----l-----------------------

. ~1-200.................. 50 23 1,171 863 24 580 1 10 
201-500.-.-- .... -- .. --. 1 361 361 0 0 0. 0 0 

Schoharie .............. 501andabove ......... __ 3_~~~--8-~--1-~ 

54 117 6,365 4,496 32 . 2,213 2 :. 2,010 

{

1-200.................. 134 19 2,542 1,903 34 1,4621 0 0 
201-500.-.-- .. -.-.---.- 5 351 1, 755 1, 755 15 1, 755 0 0 

Suffolk ............... 501andabove ......... __ . _1_~~~--14-~ __ o _____ o_ 

. 140 41 5, 797 5, 158 63 4, 717 0 0 
=-===-====._:__====== 

1
1-200.................. 129 23 2,988 2, 754 73 2,107 0 0 

Sullivan ............... 201-500 ................ __ 1_~~~--_4_~ __ o _____ o_ 
130 27 3, 468 3, 234 77 2, 472 0 0 

New York ......... . 
(Continued.) {

1-200 .......... --~----- 225 33 7,492 5,064 86 3,627 6 343 
201-500 ................ 9 277 2,496 2,056 18 2,051 0 0 

Ulster ................. 501an~_above ..... _ .... __ 1o_~~~--16_~ __ 1 ____ 5o_ 

244 87 21,390 14,408 120 10,348 7 . 393 

1

1-200.................. Q3 40 3,754 2,133 18 1,036 0 0 . 
201-500 ................ 5 331 _1,655 1,025 4 1,025 0 0 

Warren ............... 501andabove ......... __ 6__ 4,408 26,449 22,022 __ 17_~ __ o _____ o_ 

. 104 305 31,858 25, 180 39 4, 729 0 0 

. . 11-200................... 82 42 3,397 2,107 29 1,091 Q . 0 
201-500................ 10 285 2,854 1,609 10 1,065 0 0 

Wa:::hington ........... 501andabove ......... __ 15_ 3,222 48,326 43,568 ~~--1-~ 

. . 107 510 54,577 47,284 100 12,257 1 750 
======-========== 

{

1-200.................. 596 15 9,103 3,856 71 3,393 2 . 60 
201-500................ 23 240 . 7,811 3,510 32 3,350 1 100 

WestChester .......... 501andabove ......... __ 20_ 2,233 44,656 34,875 ~ 25,096 __ 32-~ 

639 97 61,570 42,241 263 31,839 35 9, 902 

{

1-200 ....... .-.......... 220 . 18 3,867 . 2,403 44 2,052 2 21 
201-500................ 2 415 830 830 9 830 0 0 

Atlantic ............... 501andabove ......... __ 1_ 1,000 ~~--o _____ o ____ 1_~ 

223 26 5,697 4,233 53 2,882 3 - 1,021 
=====:==:=========-:------

. 11-200.................. 380 23 8,655 5,305 109 4,373 1 100 
201-500................ 17 353 6,023 3,235 33 3,183 2 50 

Bergen ................ 501andabove ......... __ 29_ 1,820 52,636 ~~~--26_ 17,104. 

426 158 67,314 57,784 339 38,017 29 17,254 
==============:=====:=: 

. {1-200.- ••••.... - ..... -- 158 31 4, 857 4,168 81 3, 286 4 205 
201-500 .......... , ..... 4 384 1,53-7 1,262 11 1,192 2 70 

Burlington •........... 501andabove ......... __ n_ 2,470 ~~--56-~-·-5-~ 

. 173 194 33,610 28, 645 148 26,013 11 965 

NewJersey......... . . 201-500d................. 21 290 6,090 4,430 43 4,075 0 0 

{

1-200 .................. 313 33 10,211 6,479 79 4,945 10 575 

Camden .•....... -, ... -. 501 an above.-------- __ 
3
_:-:-r--:2_, :-~-:-~--~-:-: -:-:-l--:~-:-:-::-l---~:-:-~--~-::-:-::-r---::-1--~-~-2-: :-:-:r 

========-======== 

1
1-200 .... ________ _. _____ 78 22 1,720 1,353 35 914 4 135 

Cape ·M.ay __ -.-. _ _ _ _ _ _ _ _ _ 201-500 ...... _ ......... 
1 
___ 1_

1 
__ 2_5_o_l--__ 2so_l--_-_2_5o_

1 
___ 1_

1 
___ 2_5_o_

1 
___ o~1----o 

79 25 1,970 1,603 36 1,164 135 
======1======~=======1=======1======1=======1======1======= 

. {1-200.................. 210 26 5,532 3,433 67 2,934 2 46 
201-500................ 6 292 1,752 613 2 135 . 6 478 

Cumberland_ ......... , 501andabove ......... __ a_ ~,857 ~~--22-~--2-~ 

- 219 _58 12,796 9,556 91 5,829 10 2,874 
=============== 

1
1-200 ..•............... 2,075 26 52,862 23,913 294 19,779 2 150 
201-500................ 108 . 337 36,567 24,791 190 22,662 3 508 

Essex ......... _ ......... 501andabove .......... __ 57-~~ 55,560 ~~--19-~ 

. . 2,240 79 177,042 104,264 760 91,654 25 5,542 
==.====-.== :_____== 
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by counties and size of plant-Continued. 

Power-supply equipment-Continued. Electric motors. 

Primo movers-Continued. Operated by purchased energy. Number Run by current of estab-Total. generated in lishment~ In tcrnal-com bus- Water wheels. Electric motors. establishment. reporting tion engines. 
Total Other no power. 
horse- (horse-

Num- Horse- Num- Horse- power. 
Number. Horse- power). 

Number. Horse- Horse-
bor. power. ber. power. power. power. Number. power. 

---------------
12 13 14 15 16 17 18 19 20 21 22 23 24 

---------------
7 92 12 181 308 47 308 0 48 312 1 4 .............. 
0 0 0 0 361 60 361 0 60 361 0 0 .................. 
0 0 0 0 1,200 12 1,200 0 67 4,137 55 2,937 ................... 

7 92 12 181 1,869 119 1,869 0 175 4,810 56 2,941 16 

441 391 2 50 639 174 639 1 0 188 775 141 136 ................... 
0 0 0 0 0 0 0 0 64 620 64 620 ..................... 
0 0 0 0 0 0 0 0 0 0 0 I 0 ...................... 

44 391 2 50 639 174 639 0 252 1,395 78 756 79 

28 325 16 322 234 46 234 0 47 239 1 51 ........... 
0 0 2 115 0 0 0 0 0 0 0 0 ············ ------------

28 325 18 437 234 46 234 0 47 239 1 5 22 

14 86 25 1,008 2,m 353 2,413 15 401 2,806 48 3931 ............ 
1 5 0 0 19 440 0 81 797 62 357 ···········• 
6 130 15 2,438 4,114 61 4,114 0 289 7, 755 228 3,641 ···········• 

21 221 40 3,446 6,982 433 6,967 15 771 11,358 338 4,391 1 54 

11 156 24 941 1,621 224 1,621 0 224 1,621 0 0 ..................... 
0 0 0 0 630 6 630 0 27 1,062 21 432 .................... 
1 4 18 19,350 4,427 86 4,427 0 176 5,995 90 1,568 .................... ------

12 160 42 20,291 6,678 316 6,678 0 427 8,678 111 2,000 21 
= ---

6 59 21 957 1,290 280 1,290 0 309 1,470 29 180 ..................... 
1 225 4 319 1,245 26 1,245 0 66 1,574 40 329 .................. 
1 20 77 32,697 4, 758 225 4, 758 0 593 11,430 368 6,672 ..................... ---------------
8 304 102 33,973 7,293 531 7,293 0 968 14,474 437 7,181 12 

32 349 3 54 5,247 1,596 5,193 54 1,652 5,632 56 439 ............... 
1 60 0 0 4,301 358 4,301 0 1,227 5,915 869 1,614 .................... 
7 37 0 0 9, 781 805 9, 781 0 2,263 24,753 1,458 14,972 ................... ---------------

40 446 3 54 19,329 2, 759 19,275 54 5,142 36,300 2,383 17,025 207 

28 330 0 0 1,464 466 1,45g 5 544 1,7n 78 332 ...................... 
0 0 0 0 0 0 0 7 7 54 ................. 
0 0 0 0 0 0 0 0 221 -1,157 221 1,157 .................... ---------------

28 330 0 0 1,464 466 1,459 5 772 3,002 306 1,543 44 

63 709 4 123 3,350 989 3,350 0 1,254 4,260 265 910 .................. 
1 2 0 0 2, 788 200 2, 788 0 313 4,316 113 1,528 .................... 
7 1,679 0 0 3,392 188 3,392 0 3,477 38,983 3,289 35,591 .................... 

71 2,390 4 123 9,530 1,377 9,530 0 5,044 47,559 3,667 38,029 ,84 

51 487 7 190 689 174 689 0 244 981 70 292 ············ 0 0 0 0 275 8 275 0 14 443 6 . 168 ............... 
2 740 1 250 4,001 178 4,001 0 929 14,693 751 10,692 ................... ------------

53 1,227 8 440 4,965 360 4,965 0 1,187 16,117 827 11,152 31 
= ------= 66 894 10 65 3, 732 845 3,683 49 964 4,198 119 515 ................. 

4 255 1 100 1,660 139 1,660 0 299 3,425 160 1, 765 ................. 
8 889 1 29 8,218 711 7,869 349 3,509 56,183 2, 798· 48,314 ................. ------

78 2,038 12 194 13,610 1,695 13,212 398 4, 772 63,806 3,077 50,594 80 

26 304 0 0 367 86 367 0 94 436 8 69 ................. 
0 0 0 0 (i) 0 0 0 2 15 2 15 ............... ------

26 304 0 0 367 86 367 0 96 451 10 84 13 

39 305 8 
. 

148 2,099 486 2,029 70 549 2,337 63 308 ................ 
0 0 0 0 1,139 84 1,13g 0 253 2,190 169 1,051 ............... 
0 0 2 400 2 0 2 210 3,959 310 3,959 .............. ---------------

39 305 10 548 3,240 570 3,168 72 1,112 8,486 542 5,318 38 

210 3,801 3 183 28,949 5,550 27,407 1,542 6,235 31,317 685 3,910 ................ 
47 1,505 2 116 11,7i6 1,665 11,776 0 2,666 20,102 1,001 8,326 ................. 
14 1, 413 1 50 32,053 3,678 32,053 0 7,362 65,013 3,684 32,960 ............... ---------------~ 

271 6, 71~ 6 349 72,778 10,893 71,236 1,542 16,263 116,432 5,370 45,196 447 



134 A SUPERPOWER SYSTEM "FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

TABLE 47.-Mechanical power-supply equipment, 

Establishments 
Power-supply equipment. 

-- .... reporting . power. Prime movers. 

State. County. Size of plant 
(horsepower). 

Aver- At~r~~te Steam engines. Steam turbines. 

Num- ~ge power. Total 
ber. stze horse-

(horse- power. Num- Horse- Num- Horse-power). ber. power. ber. power. 

---------------------
1 2 3 4 5 6 7 8 9 10 11 

---------------------r20() ________________ 
98 22 2,166 1,582 29 1,048 1 4 

201-500 .. --- ... -- .. -.-- 5 360 1,800 1,569 . 14 945 6 624 
Gloucester ............ 501 and above ......... 4 1,449 5, 795 5,195 9 1,660 14 2,297 

-
107 91 9, 761 8,346 52 3,653 21 2,925 

---= = --------------= 

r"---------------
1, 731 19 33,285 15, 774 254 12,713 5 355 

201-500 ... --- .... --.--- 81 334 27,135 16,446 134 14,762 7 1,100 
Hudson .•............. 501 and above ...... _ ... 79 2,200 173,345 119,763 576 78,894 62 34,118 

1,891 123 233,765 151,983 964 106,369 74 . 35,573 

f"------------------
128 33 4,285 3,968 46 1,861 3 107 

201-500 ... -... -... ----- 6 309 1,855 1,855 13 1,600 0 0 
Hunterd.on ............ 501 and above ......... 6 1, 765 10,593 8,095 23 3,836 3 2,300 

140 120 16,733 13,918 82 7,297 6 2,407 
-------------------------r20() _________________ 348 30 10,513 . 6,144 95 5,228 0 0 

201-500.-------.-----.- 28 350. 9,836 7946 64 6, 788 3 733 
Mercer .•.. ;· ........... 501 and above ......... 27 2,120 57,277 45:712 132 30,483 17· 13,043 

403 191 77,626 59,802 291 42,499 20 13,776 
-------------------------r200 -- -- - 359 26 9,450 4,932 80 4,015 3 155 

201-500 .. - .. --.----.--- 30 344 10,332 6, 733 104 6,230 1 . 225 
Middlesex.· .. : ......... 501 and above ......... 45 2,600 p7, 730 . 101,761 231 69;893 46 29,686 

434 316 137,512 113,426 415 80,138 50 30,066 
------------= ----------r200 __________________ 330 16 5,430 2, 727 51 1,960 1 15 

201-500.-.--------.---. 8 339 2, 712 1,856 30 1,655 3 186 
Monmouth ............ 501 and above ......... 4 871 3,484 . 1,868 15 523 4 1,345 

342 34 11,626 6,451 96 4,138 8 1,546 
-------------= ------= r20() _________________ 173 24 4,078 2,885 44 2,160 1 12 

201-500.---- .. --.- ... -. 12 1,436 17,226 16,443 59 15,952 4 121 
Morris ••••. · ... : ....... 501 and above ......... 15 1,080 16,198 11,175 . 40 9,039 5 1,836 

New Jersey .•...•.••• 200 188 37,502 . 30,503 143 27,151 10 1,969 
(Continued.) ------------= ----------r,.. ________ ---- - 72 13 965 806 13 349 3 47 

Ocean ..•.............. 201-500.-.-----.------- 2 352 705 705 12 600 1 105 

74 23 1,670 1,511 25 949 4 152 
-------------------------r., -- -- - 1,137 23 26,544 11,443 179 9,626 20 560 

201-500.---.---.------- 65 633 41,200 38,128 611 29,929 19 7,923 
Passaic •••..•••....... 501 and above ......... 26 1,620 42,379 24,902 125 19,851 - 15 3,890 

1,328 83 110,123 74,473 915 59,406 54 12,373 
--------------------------r20() __________________ 86 28 2,418 1, 768 45 . 1,m 2 32 

201-500.-- .. ---- .. -.- .. 2 380 761 320 4 0 0 
Salem .•.•............. 501 and above ......... 2 6,168 12,336 12,336 37 2,361 18 9,975 

. 90 172 15,515 14,424 86 3,890 . 20 10,007 

10 1 · 616 1,573 
= 

f"-----------------
88 22 971 0 0 

201-500.-.------ .. ----- 7 350 2,452 1,209 10 1,209 0 0 
Somerset ....•..••..... 501 and above, ........ 7 1,564 10,945 10,940 14 3,840 5 7,100 _______ 0 ___ 

102 157 16,013 ' 13, 722 46 6,020 5 7,100 

r""------- ---------- 79 31 2,~ 2,312 43 1,576 2 183 
201-500.- ... ---.- ..... - 1 250 ' 250 1 150 0 0 0 

Sussex ••..••••.•.• :~ •• 501 and above ......... 3 944 2,833 2,833 15 2,250 01 450 

83 67 5,572 5,395 5~ 3,976 3 633 

r20() ______ ···-···-··" 365 23 8,376 4,061 89 3,018· 1 I 2 
201-500.- ... ---.---.-.- 32 312 10,034 5,962 54 5,380 1 250 

Union •••••••••••.•••. 501 and above ......... 21 2,560 53,881 45,898 196 19,489 51 21,751 
-------

418 173 72,291 55,921 339 0 27,887 53 22,003 
---------------------------r,.. __________________ 145 34 4,853 3,246 49 I, 758 2 95 

201-500 .. --- .... -- ..... 9 308 2, 773 1,870 12 1,225 0 0 
Warren ••...•••••.•••• 501 and above ......... 14 1,860 26,013 25,405 86 19,395 10 5,625 

168 200 33,639 30,521 147 22,373 12 5, 720 
---------== ----==.=:=: 



INDUSTRY IN THE SUPERPOWER ZONE. 

by counties and size of plant-Continued. 

Power-supply equipment-Continued. 

Prime movers-Continued. Operated by purchased energy. 

Internal-combus
tion engines. Water wheels. 

Num- Horso- Num- I Hors~ 
ber. power. ber. power. 

Total 
horse
power. 

Electric motors. 

Number. Horse
power. 

Other 
(horse
power). 

Electric motors. 

Total. 

Number. Horse
power. 

Run by current 
generated in 

establishment. 

Number. Horse
power. 

135 

Number 
of estab

lishments 
reporting 
no power. 

--------------------l-----l-----l-----l·----l----1-----l----
12 13 14 15 16 17 18 19 20 21 22 23 24 

--------------------l-----l-----1-----1·----l----l-----1----
32 
0 
5 

354 
0 

1,208 

7 
0 
2 

176 
0 

30 

584 
231 
600 

104 584 0 150 780 46 
9 231 0 363 1, 707 354 
2 600 0 342 5, 322 340 

196 
1,476 
4,722 _________________ , ____ , _____ ,, ____ 1-----1-----1-----1-----1-----

37 

15(i 
11 
30 

1,5U2 

2,571 
584 

6, 751 

9 206 1,415 115 1,415 0 855 7,809 740 6,394 26 

2 - 135 17,511 5,466 17,252 259 5,847 20,062 381 2,810 
0 0 10,689 1,072 10,689 0 2,285 18,021 1,213 7,332 
0 0 53,582 4,430 53,582 0 9,736 114,171 5,306 60,589 

------------l-----l----·l-----l------l·------l-----l-------l-----l-----l-----
197 

45 
0 
4 

9,906 

638 
0 

12 

2 135 81,782 10,968 81,523 259 17,868 152,254 6,900 70,731 493 

43 1,362 317 92 317 0 100 392 8 75 
4 ~5 0 0 0 0 20 140 20 140 
6 1,947 2,498 110 2,498 0 419 6,282 309 3,784 

---------------------l------l-----+-----l·-----l-----l-----l------
49 

30 
2 
6 

38 

37 
6 

18 

U50 

450 
50 

2,111 

2,611 

572 
278 

2,160 

53 

21 
5 
1 

27 

6 
0 
2 

3,564 

466 
375 

75 

916 

190 
0 

22 

2, 815 202 . 2, 815 0 539 6, 814 337 3, 999 12 

4, 369 989 4, 367 2 1, 155 5, 262 166 895 
1, 890 160 1, 620 270 545 4, 093 385 2, 473 

11,565 810 11,565 0 1,968 29,067 1,158 17,502 

108 

4, 518 888 4, 368 150 996 5, 321 108 953 
3, 599 297 3, 349 250 523 5, 294 226 1, 945 

15,969 1, 131 15, 969 0 4, 291 67, 247 3, 160 51, 278 
----------......----------l-----l·------ll----l------J------l-----l-----J-----

61 3, 010 8 222 24, 086 2, 316 23, 686 400 5, 810 77, 862 3, 494 54, 176 72 

46 
4 
0 

485 
15 
0 

8 
0 
0 

267 
0 
0 

2, ~~ "7~~ 2, [;g. 3g 7~~ 2, ~~ g 3~ 
1, 616 62 1, 616 0 72 1, 741 10 125 

------------------l----l·-----ll----l----'--·l------l-----l-----/-----
50 

17 
0 
~ 

19 

33 
0 

500 

264 
0 

15 

8 267 5,175 847 5,142 33 863 5, 305 16 163 54 

1~ ~g 1,~~ 2~~ 1,~~ g :~ !;~g~ ~~ 3,~~~ 
5 285 5, 023 79 5, 023 0 523 12, 574 444 7, 551 

279 25 1, 104 6, 999 402 6, 999 0 .1, 318 18, 238 Q16 11,239 33 

299 4 111 159 68 159 0 68 159 0 0 .••.••.•..•• 
0 0 0 0 0 0 0 2 6 2 6 

1-----·l------l-----l------l------l-----l------
33 299 4 111 159 68 159 0 70 165 2 6 19 

Ql=====i======i====i=======i======l======l======l=========,l========l========l========l========i======== 
82 1, 041 12 216 15, 101 3, 161 12, 409 2, 692 3, 454 14, 840 293 
5 161 2 115 3, 072 378 2, 597 475 1, 223 6, 902 845 

2,431 
4,305 

30,990 4 811 4 350 17,477 1,253 17,477 0 3,849 48,467 2,596 

91 

23 
0 
0 

23 

20 
0 
0 

2, 013 18 681 35, 650 4, 792 32, 483 3, 167 8, 526 70, 209 3, 734 

168 13 359 650 103 650 o. 108 724 5 
0 0 0 441 29 441 0 96 831 67 
0 0 0 0 0 0 0 434 7, 681 I 434 

37,726 

74 
390 

7,681 

209 

168 13 359 1, 091 132 1, 091 0 638 9, 236 506 8, 145 19 

307 9 295 1,043 329 1,043 0 416 1,253 87 210 !············ 
0 0 0 1, 2435 79 1, 243 0 109 1, 536 30 293 ........... . 
0 0 0 1 5 0 476 6,943 475 6,9381············ 

---------------------l-------l-----l-----l·-----l-----l-----
20 307 9 295 2, 291 409 2, 291 o 1, oo1 9, n2 592 1, 441 1 20 

=========J======:,====:=====J======:======J=======J======J=======:o=======J========J====== 
27 3061 7 247 177 157 177 0 19651 542 38 365j·········: .. 

7 100 0 0 0 0 0 0 60 6 60 .....•...... 
1 81 2 125 0 0 0 0 38 292 38 292 ........... . 

35 414 9 372 111 157 111 o 2391 894 82 111 1 11 

55 1,021 1 I 20 4,315 974 4,315 0 1,073 I 4,961 . 99 I 6461··········· 0 

23 332 0 0 4, 072 505 4, 072 0 714 5, 846 2091 1, 774 0 ••••• 0 •• 0 0 0 

18 4, 658 0 0 7, 983 547 7, 983 0 2, 677 39, 787 2,130 31, 804 .......... 0 0 

--96-l{l,(ill--1- ---20- 16, 37o 2, o26 16, 37o o 4, 464 5o, 594 2, 438 34,224 1 69 

371 1,398 o o 1 607 ==3=2=2:::~J===I,=906o=37=oi====o=l=====5=3=l=l===2=,=264=i===2=09=:====6=5=7-=.I=O=o=o.=o=oo=o=oo=oo 7 645 0 0 '903 43 0 132 2, 131 89 1, 228 . 0 0 0 0 • 0 0 •• 0 0 

2 385 0 0 608 13 608 0 946 16, 116 933 15, 508 0 ••• 0 •• 0 0. 0. 

--46-12:4"28 o o 3, n8 378 3,118 o 1, 609 20,511 1, 231 11,393 1 13 
=:=========:========!=======>==~==== 



136 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

State. County. Size of plant 
(horsepower). 

TABLE 47.-Mechanical power-supply eq-uiz;ment, 

Establishments 
Power-supply equipment. 

reporting 1----.------------------1 
power. 

Num
ber. 

Aver- Aggregate 
age horse-
size power. 

(horse-
power). 

Total 
horse
power. 

Prime movers. 

Steam engines. Steam turbines. 

Num- Horse- Num- Horse-
bar. power. bar. power. 

--------1---------1·---------1-~- --- -----------------
1 2 ·a 4 5 6' 7 8 0 10 11 

--------1---------1---------1---------- -------------

1
1-200.................. 780 29 22,881 11,835 252 9,488 7 168 
201-500 ______ ;_________ 30 312 9,357 4,719 48 4,583 2 136 

Berks ................. 501andabove......... 40 1,549 61,954 47,897 205 45,442 10 1,790 

I 850 I 110 I 94, 192 64, 451 505 59, 513 19 2, 094 

l1-200 .................. ,~,--24-,---s,486~124~--4---m-
201-500 .... ·............ 5 278 1,390 1,387 14 1,312 1 75 

Bucks ................. 501andabove ......... __ 8_ 1,888 ~~--26_~,--5-~ 

. 372 I 67 24, 983 22, 680 I 164 14, 571 10 6, 110 

1
1-200.................. 941 43 4,034 2,348 351 1,443 1 8 
~01-500.-.............. 5 336 1, 682 1, 285 " 9 785 0 0 

Carbon ........ __ ...... 501 and above ...... _.. 14 3, 630 50,686 38,424 102 21,649 6 16,675 

. --u31~ 56,402 42,057 ~, 23,877 --7--16,683 

1
1-200 ........... -...... 2781 36 10,005 6, 490 1141 5, 067 51 81 
201-500 ........ - .. -.... 20 303 6, 053 4, 460 . 33 3, 790 4 575 

Chester .... _.......... 501 and above......... 15 6, 670 101,944 89,258 355 65,816 44 • 16,082 

---ai31----a77 118,002 100, 208 ----w21 74, 673 --53-,~ 

l
l-200.................. 165

1 

30 5,007 3, 781 I 60 I 2,323 2 30 
201-500................ 9 265 2, 387 1, 787 13 1, 257 3 305 

Columbia ............. 501andabove......... 5 3,545 18,725 11,930 68 11,215 1 500 

1791 145 26,,119 17,4981 14t/ 14,795 6 835 

1
1-200.................. 3561 25 9, 060 5, 434 157 4, 905 2 40 
201-500.. ..... .. .. .. .. . 28 302 8, 464 4, 405 39 3, 615 3 170 

Dauphin.............. 501 and above......... 18 7, 000 125,845 109,479 310 76,806 5 9, 040 

~~~ 143,3691 119,318 --oo6 85,326,--10-~ 

Pennsylvania.-·--·· 
l
l-200.................. 214 37 7, 8331' 5,869 76 4,935 I 0 I 0 
201-500................ 24 341 8, 215 6, 961 44 6, 090 2 266 

Delaware ............. 501andabove......... 35 3,840 134,854 39,934 227 23,8761 26 15,343 

---z73 ~I 1so, 902 1 s2, 764 -w-i34,90li--2-8 115.609 

1

1-200.................. 384 37 14, 2941 3, 752 72 3, 611 3 30 
201-500................ 42 293 12, 291 4, 619 64 4, 578 0 0 

Lackawanna .......... 501 and above......... 77 2,320 179,597 163,966 914 140,746 __ 14_ 23,220 

503 410 206,1821 172,337 1,050 148,935 17 23,250 

1
1-200. __ ............... 670 31 20,991 10,845 156 7, 260 I 8 161 
201-500................ 22 314 6, 946 2,137 21 2, 137 0 0 

Lancaster ............. 501andabove......... 15 1,510 22,707 ~~~--4-~ 

101 12 so, 644 23,329 245 19,375 1 12 473 

1

1-200.................. 242 34 8, 145l 4, 377 100 3, 521 I o o 
201-500................ 11 290 3,194 1, 815 25 1,815 0 0 

Lebanon .............. ' 50landabove......... 9 5,655 ~ 49,275 148 36,000 __ 7_~ 

· 262 237 62,398 1 ss, 467 273. 41,336 1 1 9, 675 

201-500................ 27 300 8, 104 4, 395 61 3, 796 4 220 

1

1-200 .. __ ...... _ ....... --w 36l 15, 329

1

. 9, 363 161 7, 490 I 1 20 

Lehigh ................ 501andabove......... 26 2,750 ~ 50,.546 ~ 50,493 __ o _____ o_ 

483 19s 94, 573 1 64, 304 406 61, 779 1 s 24o 

1
1-200.................. 465 30 13, 752l 6, 727 143 I 5, 943l 1 I 110 
201-500................ 36 334 12,026 6, 015 56 6, 015 0 0 

Luzerne ....... ·........ 501 and above......... 102 3, 060 311, 995 267, 720 I, 708 245, 042 22 22, 568 

603 ~ 337,773f2so;4621.9o7i257,000/--23-i22,678 

1
1-200.................. 78 36 2, 7921 1, 975 341 1, 3451 1 62 
201-500................ 4 232 929 390 3 210 0 0 

Monroe............... 501 and above......... 1 I, 651 1, 651 1, 200 3 300 0 0 
83 --Bs-5.372/3:565 --4o-/l,855J __ 1 ____ 62-

=============== 

1

1-200.................. 573 36 20, 446 12, 667 215 10, 754 4 185 
201-500................ 31 306 9, 515 6, 330 44 6, 043 0 0 

Montgomery.......... 501 and above......... 30 3, 055 91, 658. 72, 482 188 45, 247 __ 41_ 26, 570 

. 634 192 121, 619 91, 479 447 62, 044 45 26, 755 
====~== 



INDUSTRY IN THE. SUPERPOWER ZONE. 137 

by counties and size of plant-Continued. 

Power-supply equipment-Continued. Electric motors. 

Primo movers-Continued. Operated by purchased energy. 
Number Run by current ofestab-

I 
Total. generated in lishments Internru-combus- Water wheels. Electric motors. establishment. reporting tlon engines. Total Other no power. 

horse- (horse-
Num- Horso- Nttm- Horse- power. 

Number. Horse- power). Horse- Number. Horse-
bor. powor. ber. power. power. Number. power. pbwer. 

------------
12 13 14 15 16 17 18 19 20 21 22 23 24 

---------------
73 915 64 1,264 11,046 2,395 11, 046· 0 2,541 11,766 146 720 .................... 
0 0 0 0 4,638 821 4,638 0 879 5, 356 58 718 ................... 
4 540 2 125 14,057 808 14,057 0 2,424 34,543 1,616 20,486 .................. 

------------
29,741 1 77 1, 455 66 1,389 29,741 4,024 0 ii,844. 51,665 1,820 21,924 216 

102 911 23 658 2,050 391 2,023 I 27 456 2,362 65 339 ............... 
0 0 0 0 3 2 

25g 1 
0 26 158 24 155 ................. 

2 30 2 400 250 2 0 540 11,953 538 11,703 ................ 
---------------

2,2761 104 941 25 1,058 2,303 395 27 1,022 14,473 627 12,197 136 
= ------------

17 432 9 465 1,686 164 1,656 30 164 1,656 0 0 ............... 
0 0 6 500 397 18 397 0 18 397 0 0 ................... 
0 0 2 100 12,262 334 12,262 0 1,008 34,338 674 22,076 .................... 

---------------
}7 432 17 1,065 14,345 516 14,315 30 1,190 36,391 674 22,076 19 

2•1 346 49 996 3, 515 591 3,430 I 85 
630 I 3, 719 39 289 ................... 

0 0 3 95 1, 593 52 1, 593 0 113 2,360 61 767 .................... 
8 7,270 3 90 12,686 495 12,686 0 2,119 49,585 1,624 36,899 ................. 

32 7,616 55 1, 181 17,794 1,138 11, 709 1 85 2,862\ 55,6641 1, 724 37,955 44 

37 325 38 1,103 1, 226 195 1,~58 0 201 1, 291 6 65 ................... 
0 0 7 225 600 146 0 158 885 12 285 .................... 
5 215 0 0 6, 795 - 342 6, 795 0 1,026 13,490 684 6,695 ................. 

42 540 45 1,328 8,621 683 8,621 0 ~,385 15,666 702 7,045 18 

29 148 14 341 3,626 1,021 3,6261 0 1,072 
3,9541 

51 328 ..................... 
10 620 0 0 4,059 330 4,059 0 790 5,536 460 1,477 .................. 
24 23,633 0 0 16,366 814 16,366 0 3, 707 76,640 2,893 60,274 .................... -------------~--

24,051 1 86, 13o 1 63 24,401 14 341 24,051 2,165 0 5,569 3,404 62,079 62 
---------

1,9641 49 668 9 266 1,964 359 0 
4021 2,3.551 43 391 ..................... 

6 425 3 180 1, 254 132 1, 254 0 442 4,916 310 3,662 ................. 
5 590 4 125 94,920 4,539 94,920 0 6,387 119,638 1,848 24,718 ................ 

60 1,683 16 571 98,138 5,030 98,138 1 ol 1, 231 1 126,909 1 2,201 28,771 46 
------= 

9& I 11 68 2 43 10,542 1,480 10,452 1,550 10,648 70 196 ................ 
0 0 3 41 7,672 618 -7,672 709 8,975 91 1,303 ................. 
0 0 0 0 15,631 557 15,631 2, 743 100,923 2,186 85,292 ...................... ------------ ooj 11 68 5 84 33,845 2,655 33,755 5,002 120,546 2,347 86,791 74 

73 848 122 2,576 10,146 1, 741 10,126 20 1,967 11,298 226 1, i72 ..................... 
0 0 0 0 4,809 449 4,809 0 469 4,849 20 40 ................... 
2 17 2 40 12,360 1,494 12,360 0 1, 595 14,019 101 1,659 ................... ---------

75 865 124 2,616 27,315 3,684 27,295 20 4, 031 30,166 347 2,871 231 
= ------

39 290 28 566 3, 768 619 3, 768 0 651 4,138 
321 

370 .............. 
I 0 0 0 0 1, 379 73 1, 379 0 . 139 3,108 4~~ 1, 729 .................... 

3 3,600 0 0 1, 784 61 1, 784 0 533 18,553 16,769 ................ ---------------
42 3,890 28 566 6, 931 753 6,931 0 1, 323 25,799 570 1 18,868 66 

31 374 46 1,479 5,966 1,540 5, 791 
178 I 1,600 6,451 I 60 I 660 .................. 

2 214 1 165 3, 709 849 3, 709 934 4,288 1~ 579 ................. 
7 27 2 26 20,594 901 20,594 1,067 22,777 2,183 .............. ---------

40 615 49 1,670 30,269 3,290 30,094 1751 3,601 33,516 1 311 1 3,422 100 

35 311 10 I 363 7,025 1,469 7,025 

~I 
1,600 7, 766 

131 I 741 1 ............ 
0 0 0 0 6,011 649 6, 011 1,274 8,502 625 2,491 ,_ .. , ... ,_ .. 
7 110 0 0 44,275 2,949 44,275 4,930 124,098 1,981 79,823 ... - .... -- .. 

--4-21---ru- --1o-l-a63 57,311 5,067 57,311 ol 7,804 140,366 2, 7371 sa,o55 1 85 

2~ I 352 1

i I 
216 817 286 817 

g I 287 ~'I ~I 
20 , ............ 

0 180 539 39 539 39 539 . 0 ....... · ..... 
0 900 451 13 451 13 451 0 ............ 

' 22J 352 n 1 1, 296 1,807 338 1,807 0 339J 1,827 1 I 20 1 17 
==== 

~ 7~ 
42 939 7, 779 1,~~~ 7, 779 0 1,4641 9,346 

1951 1,567 ................. 
' 37 1 250 3,185 3,185 0 487 5.,944 229 2, 759 ................. 

665 0 0 19,176 1,257 19,176 0 3,401 60,927 2,144 41,751 ..................... 

: 1,491 43 1,189 30,140 2, 784 30,140 0 5,35~ 1 76,217 2,5681 46,077 120 



138. A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

TABLE·47.-Mechanical power-supply equipment, 

Establishments 
Power-supply equipment. 

reporting 
power. Prime movers. 

State. County. Size of plant 
(horsepower). 

Aver- At~r~~~te Steam engines. Steam turbines. 

Num- age power. Total· 
ber. size horse-

(horse- power. Num- Horse- Num- Horse-power). ber. power. ber. power. 

---------------------
1 2 3 4 5 6 7 8 9 10 11 

---------------------

t""'·················· 
37 22 8I5 495 11 3I5 I 50 

20I-500 ................ 2 239 . 478 327 3 300 2 27 
Montour ........... : .. 501 and above ......... 6 I, I90 7, I33 6, 775 43 6, 775 0 0 

45 Is7 1 s, 426 7, 597 57 7,390 . 3 77 roo ................. 338 --42-ll4,17a 7, 794 I5I 6, 34I . 2 24 
20I-500 ................ 37 305 11, 3I6 6, I24 11I 5, 985 0 0 

,1? Northampton ......... 50I and above ......... 38 5, 550 211, 730 170,869 327 103, 48I 42 . IS, 588 
-------

4I3 575 237, 2I9 184,787 589 115,807 44 IS, 612 
--------------------------r-200 ........... : ...... 256 33 8,422 4,907 95 4, 444 3 IOO 

201-50J ....••••...•.... I5 3I7 4, 757 3,115 43 3,115 0 0 
Northumberland .. ~ ... 50I and above ......... 29 3,370 97,736 92,359 699 85,969 3 6,150 

-------
300 369 uo, 9~5 IOO, 381 837 93,528 6 6, 250 

==== 

f""'················· 6, 334 I9 122, 520' 67, 6I8 93I 54,250 20 754 

Philadelphia .......... 
20I-500 ................ 234 320 74,929 58,113 476 55,558 6 710 
501 and above ......... I77 I, 930 342,513 231, I72 I, I37 ISS, 950 73 35,582 

6, 745 so 539,962 356,903 2, 544 298,758 99 37,046 

jloi'!'~<i aoo;;::::::::: IS 23 409 389 8 . 2I9 I 50 
Pike .................. 1 2,598 2, ~98 _2, 598 27 2, 008 0 0 

I9 158 3, 007 2, 987 35 2, 227 1 50 
Pennsylvania ......• 

(Continued.) 

C""·················· 
373 25 9, I30 5,344 I25 4, 58I 4 83 

20I-500 ................ I5 3I5 4, 732 3, 080 65 2, 980 0 0 
Schuylkill.. .... : . ..... 50I and above ......... 69 4, 250 293,142 246,779 1, 6I2 241,970 11 4,627 

459' 670 307,004 255,203 I,802 249, 53I I5 4, 710 f"'J.. ................ 62 28 I, 723 I, I97 24 95I 0 0 
20I-500 .... ···•· ··•···• 1 255 255 250 I 250 0 0 

Susquehanna ......... 501 and above ......... 1 I, 868 1, 868 900 2 900 0 0 

64 60 3,846 . 2,347 27 2,101 0 0 
---------------------------

r""················· 
146 30 4, 429 3,699 71 2,348 1 16 

20I-500 ..............•. 1 450 450 450 I 450. . 0 0 
Wayne ....•........... 501 and above ......... 3 1,871 5,6I4 5, I44 29 4, 444 0 0 . 

I 50 70 IO, ~93 9,293 I01 7, 242 1 . 16 

r""'·················· 
45 32 I,424 1,338 I8 775 0 0 

20I-500-........•.••.... 3 337 1, OIO I, 010 I8 1,010 0 0 
Wyoming ............. 

1 

50I and above ......... 1 1,400 . I,400 I,400 4 I,400 0 0 

49 78 3, 834 3, 748 40 3,185 0 0 

rl-200 .............•.... '563 34 18,995 11,450 205 9,164 0 0 
201-500 ................ 32 300 9, 584 6,612 4I 6,308 2 100 

Yot;k .................. tOI an~ above ......... IS 1, 810 32,675 13, 199 65 7,352 5 2,450 

. 613 IOO 6I, 254 31, 26I 311 22,824 7 2, 550 
--- --- ---roo ................ I04 29 3,042 2,89.') so I,995 2 20 

201-500 ................ 1 273 273 273 7 . 220 0 0 

r··················· 
501 and above ......... 0 0 0 0 0 . 0 0 0 

I05 32 3,315 3,168 87 2,215 . 2 .. 20 
Delaware ••.•........ r200 ................. 262 42 10,961 7,676 125 6, 732 1 2 

201-500 ................ 16 3I6 5,064 4,42I 50 3,136 4 500 
New Castle ............ 501 and above ......... 29 2,040 ."i9, I82 44,274 I73 29,610 14 12,508 

307 245 75,207 56,371 348 39,478 19 13,010 

rooo ........... :...... "" 22 9, 865 4, 311 54 3, 131 0 ·O 
201-500... .. . . .... ... . . 12 294 3, 539 2, 390 26 2,145 2 145 

istrictofColumbia •................... ~ .... 501 and above.~ ........ 

1 
4
~: 3,550 49, 764 35, 582 66 13, 369 20 20,613 

I35 63,163~i----wlil8,645 22 20,758 

D 



INDUSTRY IN THE SUPERPOWER ZONE. 139 

by couuties and size of plant-Continued. 

Power-supply equipment-Continued. Electric motors. 

Prime movers-Continued. Operated by purchased energy. 
Number Run by current ofestab-Total. generated in lishments In tarnal-com bus- Water wheels. Electric motors. establishment. reporting tlon engines. 

Total Other no power. 
horse- (horse-

Num- Horse- Num- Horse- power. Horse- power). 
Number. Horse- Horse-

ber. power. ber. power. Number. power. power. Number. power. 

--------------- . 
12 13 14 15 16 17 18 19 20 21 22 23 24 

---------------
7 79 4 51 320 67 320 0 67 320 0 0 .................... 
0 0 0 0 151 32 151 0 32 151 0 0 ................... 
0 0 0 0 358 18 358 0 19 363 1 5 .............. ---------------
7 79 4 51 829 117 829 0 118 834 1 5 13 

21 195 41 1,234 6,379 1,392 6,379 0 1,443 7,021 51 642 .................. 
2 4 2 135 5,192 325 5,192 0 347 5,43.7 22 245 .................... 

23 48,500 4 300 40,861 2,134 40,861 0 10,038 232,743 7,904 191,882 ...................... 
--4-6 1 48, 699 

---------
47 1,669 52,432 3,851 52,432 0 11,828 245,201 7,977 192,769 49 

25 270 4 93 3,515 560 3,515 0 677 3,904 117 389 .................... 
0 0 0 0 1,642 36 1, 642 0 407 1,800 371 218 .................... 
6 240 0 0 5,377 203 5,377 0 1,283 20,889 1,080 15,512 ................... 

31 510 4 93 10,534 799 10,534 0 2,367 26,653 1,568 16,119 41 

807 12,525 9 89 54,902 15,110 48,915 5,987 17,201 59,801 2,091 10,886. ....................... 
20 1,685 3 160 16,816 1,925 16,201 615 5, 216 38,649 3,291 22,448 ..................... 
17 4,640 3 2,000 111,341 9,062 111,341 0 20,213 241,732 . 11,151 130,391 .................... ---------------

844 18,850 15 2,249 183,059 26,097 176,457 6,602 42,630 340,182 16,533 163,725 2,427 

8 45 3 75 20 1 20 0 1 20 0 0 .................... 
5 590 0 0 0 0 0 0 0 0 0 0 ................ ------

13 635 3 75 20 1 20 0 1 20 0 0 11 

41 398 14 282 3, 786 773 3, 786 0 811 4,059 38 273 ................. 
4 100 0 0 1,652 110 1,652 0 186 2,366 76 714 .................. 
9 182 0 0 46,363 520 46,363 0 1,008 66,935 488 20,572 ................... ------------

54 680 14 282 51,801 1,403 51,801 0 2,005 73,360 602 21,559 90 

11 161 3 85 526 73 526 0 73 526 0 0 ................. 
0 0 0 0 5 2 5 0 26 218 24 213 .................. 
0 0 0 0 968 46 968 0 46 968 0 0 ................... ---

11 161 3 85 1,499 121 1,499 0 145 1, 712 24 213 17 

13 121 33 1, 21~ 730 130 862 48 148 831 18 149 ................... 
0 0 0 0 0 0 0 0 0 0 0 .................... 
0 0 2 700 470 81 470 0 288 2,822 207 2,352 ................... ---------------

13 121 35 1, 914 1,200 211 1,152 48 436 3,653 225 2,501 21 

17 179 11 384 86 10 46 40 10 46 0 0 .................. 
0 0 0 0 0 0 0 0 2 30 2 30 ............... 
0 0 0 0 0 0 0 0 44 751 44 751 ................. ---------

17 179 11 384 86 10 46 40 56 827 46 781 5 

89 670 83 1,61g 7,545 1,336 7,450 95 1,555 8, 713 219 1, 263 ............... 
6 204 0 2,972 309 2,972 .0 513 4,264 204 1,292 ............ 
2 7 18 3,390 19,476 1,577 19,476 0 1,600 19,965 23 489 ............... 

97 881 101 5,006 29,993 3,222 29,898 95 3,668 32,942 446 3,044 428 
:.= 

33 504 18 376 147 59 147 0 64 197 5 50 .............. 
4 53 0 0 0 0 0 0 0 0 0 0 .................... 
0 0 0 0 0 5 0 0 ..,5 0 0 0 ................ 

37 557 18 376 147 64 147 0 69 197 5 50 6 

18 222 22 720 3,~ 699 3,240 45 723 3,456 24 2161 ............ 
6 160 6 625 73 643 0 177 1, 768 104 1,125 ..........•• 
3 15 3 2,141 14,908. 760 14,908 0 2,272 38,522 1,512 23,614 ..•.... ···.·· ------------

1,640 1 27 397 27 3,486 18,836 1,532 18,791 45 3,172 43,746 24,955 59 

55 739 3 441 5,554 2,048 5,544 
1g I 

2,174 6,039 126 495 ................ 
0 0 1 100 1,149 121 1,149 247 2,412 126 1,263 .................. 
6 1,475 1 125 14,182 1,041· 14,182 7,070 68,987 6,029 54,805 .............. ------

101 61 2,214 5 666 20,885 3,210 20,875 9,491· 77,438 6,281 56,563 170 
= ==== ==-~, 

II 



140 A ·suPERPOWER SYSTEM FOR THE R-EGION BET:WEEN BOSTON AND WASHINGTON. 

TABLE 47.-Mechanical power-supply equipmen.t, 

Establishments 
Power-supply equipment. 

reporting 
power. Prime movers. 

State. County. Size of plant 
(horsepower). 

Aver- At~r~~~e Steam engines. Steam turbines. 

Num- ll:ge power. Total 
ber. SlZC horse-

(horse- power. Num- Horse- Num- Horse-power). ber. power. ber. power. 

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

1 2 3 4 5 .6 .7 8 9 10· 11· 

------ ---------------

r""--- ---- -- --- 44 25 1,075 685 28 531 1 . 10 
201-500 .•.. - .•. -·- ...... 2 299 . 597 250 1 250 0 . 0 

Anne Arundel. ........ 501 and above ......... 2 ~ 983 1,965 . 0 0 0 0 0 

48 76 3,637 935 29 781 1 10 

r-200--------------- --
90 25 2,285 1,646 38 1,146 0 0 

201-500 ........•....... 6 301 1,808 1,492 22 : 1,492 0 0 
Baltimore .•............ 501 and above ......... 7 15,300 107,089 83,870 11 21,470 ~ 4,495 

103 1,080 111,182 87,008 71 24,108 13 4,495 

r200 ____ ___ ___ 1,863 38 70,862 18,411 295 16 .. 035 5 315 
201-500................ 99 317 31,412 18,659 161 17,787 7 271 

Baltimore City ........ 501 and above......... 74 1, 730 128,473 41,591 413 35,342 28 4,153 

. I 2,036 
-------

113 1 2ao, 747 78,661 869 69,164 40 4, 739 r-200__________________ 78 
361 2;854 ·2,455 50 1,638 0 

-.--0-

Cecil ................... 501 and above ... · ...... 
1 
__ 6_ ~~ 5,308 76 4,880 0 0 

Maryland.· .......... 
84 . 97 8,162 7, 763 126 6,518 0 0 

--- -------==== 
r200- ---------------- 164 24 3,961 ~132 2,190 1 15 
201-500 ................ 5 282 1,410 . 1,380 13 780 0 0 

Harford ......... ; ..... 501 and above ......... 1 750 750 750 0 0 1 750 

36 . 6,121 
--------------

170 5,425 I 145 2,97o I · 2 765 

r-200 .................. 44 35 1,548 1, 541 34 1,149 1 . 12 
Kent .................. 

44 . 35 1,548 1,541 34 1,149 1 12 

- t""- ------ ----------- 461 16 '"' 734 32 620 0 - 0 Prmce Georges........ ----------------------------
46 16 746 734 . 32 620 0 . 0 

r-200------------------ " I ,. 1,002 933 32 ,.. 0 0 
QueenAnnes.......... -----------------.-.---------

. 41 24 . I, 002 933 32 766 0 . 0 



INDUSTRY IN THE SUPEHPOWER ZONE. 141 

by counties and size of plant-Continued. 

-
Power-supply equipment-Continued. Electric motors. 

Primo movers-Continued. Operated by purchased energy. 
Number Run by current ofestab-Total. generated in lishments Internal-com bus- Water wheels. I Electric motors. establishment. reporting tion engines. 

Total Other no power. 
horse- (horse-

Num- Horse- Num- 1 Horse- power. 
Number. Horse- power). 

Number. Horse- Number. Horse-
ber. power. bor. power. power. power. power. 

------------------
12 13 14 15 16 17 18 19 20 21 22 23 24 

---------------
3 144 0 0 390 80 390 0 81 399 1 9 ................. 
0 0 0 0 347 25 347 0 25 347 8j 0 ................. 
0 0 0 0 1,965 51 1,965 0 51 1,965 0 .................. ------

1 I 3 144 0 0 2, 702 156 2, 702 0 157 2, 711 9 7 
-

15 96 20 404 639 63 635 4 83 792 20 157 .................. 
0 0 0 0 316 101 316 0 101 316 0 0 ................... 

17 55,700 11 2,205 23,219 698 23,219 . 0 2, 745 133,314 2,047 110,095 . .................... ---
32 55,796 31 2,609 24,174 862 24,170 4 2,929 134,422 2,067 110,252 28 

= = = ------
138 1,~r 3 174 52,451 6,011 52,342 109 6,511 54,7091 500 2,367 .................... 
16 0 0 12,753 1,059 12,753 0 1,824 17,996 765 5,243 .................. 
10 2,096 0 0 86,882 5,555 86,882 0 6,427 97,128 872 10,256 ................... 

164 4,584 3 174 152,08~ 12,625 151,977 109 14,762 169,843 1 2,137 17,866 ~96 

23 1@1 23 637 399 38 399 0 69 491 I 31 92 ................ 
7 128 2 300 0 0 0 0 15 193 15 193 .................... 

30 
~ 

308 25 937 399 38 399 0 84 6841 46 285 12 

41 
asg I 24 701 666 77 666 0 77 666 I 0 0 ..................... 

0 2 600 30 2 30 0 2 30 0 0 ................... 
0 0 0 0 0 0 0 12 745 12 745 ................... ---

41 389 i 26 1,301 696 79 696 0 91 1, 441 12 745 11 
= ----------

'I ·I ~I 
24 -----w;-,--6- ---1-31-

0 :I 9 1 2 .................... 

2•1 --m-1--6~ 7 2 I 0 9 1 2 1 

14 1141 oj 0 12 1 :I 12 1 0 61 12 0 0 .................. ---
114 1 oj 12 I 12 1 61 14 0 0 12 0 0 23 

11 69 1 :j 981 
691 10 I 69 1 0 101 ''I :I 0 .................. 

lL 6!) I !lS 691 10 691 0 101 69 0 3 

0 



TAllLE 48.-Summary and analyms of industrial power and fuel for superpower zone, by industry groups 

~ ---~--- -----~--~- ---------

Industry. Mechanical power supply equipment and fuel used, from Ceusus of Manufactures, 1919. Power analysis. Coal analysis. 
- -- --- ~--- I I i 

Establishments. Power supply equipment. 

I 
Electric motors. Fuel used. 

Portion of primo Coal tL'ed for power by prime movers (column 33) and I 
Motor horsepower required coal used in conjunction with them for heating and 

'--~~ movers (col- process work. 
1 

Prime movers. 
I umn 7) (except to reRlace prime movers 

Operated by purchased energy. I Energy 

I 
developed Energy water wheels) in co umn 33 and energy Coal 

Run by curre-nt that might have to be purchased for them i required 
Using power. I Total. generated in Coal. by prime purchased been replaced from superpower system. I For heatln~ and by super- Coal saved Internal-com-~ establishment. movers for ~ower Total. For power. 

I Steam engines. Steam turbine~_;. bustion engines. Water wheels. Electric motors. I ' (cohnnn (co umn by superpower. process _work. power by super-
Factor 7)in Factor 16) in system to power 

Main group. Subgroup. Total A2;gregate Coke A.a thousands B.b thousands snppl~ system 
nume I horsee 

I 
I ~short ofcquiva- ofkil~ Motor energy 1n ~short 

bcr. power. Total Total ! ons). Per horse- Energy coluiDn ons). 
horse- Other Total lentkil~ watt- Per Per Per I Aver-

horse- I watt- hours. cent o! power required 36 (short 
power. (horse- Anthracite Bituminous equivalent Total cent cent cent 

Nume ngesizc Nnme Horse- Num- Horse- Num- Horse- Num- Horse- power. Num- Horse- power). Number, Horse- Number. Horse- (long (short bituminous hours. column Horse- per horse- (thou-
of col- Short o! col- Short o! col- Short tons). 

ber. (horse- ber. power. ber. power. her. power. ber. power. ber. power. power. power. 7 minus power. prime- sands cf tons. tons. tons. 
rower). 

tons). tons). (short column mover power. kilowatt- umn umn umn 
tons). 15. horse- hours). 26. 38. 38. 

' power. 
I 
I 

I 
------ I 

1 2 3 4 5 6 7 8 
I 

9 10 11 12 13 14 15 l6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41~ 42 43 44 
-------------r•l Slaughtering ... ·-·-··················--··· 723 552 91 50,300 33,350 332 30,373 25 2, 977 0 0 0 0 16,950 1,6SS 16,808 142 2, 704 28,050 1,016 u,~ 224, GSS 216,854 418,851 7,~ 2, 200 73,000 2,000 34,000 81 27,000 1.1 29,700 59,400 79 330,000 75 2-18,000 25 82,000 59, 41)() ISS, 600 

(b) Flour and gristmill prodncts .•.........•.•. 1, 221 1, 217 48 58,115 45, 5S8 175 11,60,::, 4 165 240 5,471 1,045 28,347 12,527 SS9 12.449 78 959 13,309 70 25, 103 21, 112 43,680 820 37, 000 820 10,300 99 17,000 1.0 17, 000 14,000 87 38, 000 95 35, 500 4 I, 500 14,000 22, SilO 
1. Food and kindred products ......... _ .... (c) Bread and hakeryproducts ................ 8, 517 5, 598 11 62, 3i7 18, 5.>3 140 15,053 11 2,486 139 995 8 22 43, 82A 11,735 43,804 l7 13,471 53,962 1, 736 10, ISS 472,851 111. 109 539, 319 76,963 850 15,800 700 30,000 92 17,000 1.2 20,200 14, 2CO 30 136,000 25 34, 000 75 102, ooc 14,200 19,800 

(d) Sngar refiuing .... ·- ........ __ .. __ ...•.•... , 13 13 2, 700 35,041 35,041 229 22, 67~ 22 11,3()3 0 0 0 0 0 0 0 2, 582 37,090 2, 582 37,090 406,248 865, 118 1, 231,118 180 3,030 101, ooe -·-·74o· .. · ·w;ooo · ·-·--9i" .. ··ss;soo· ··To·· -···ss;ooo· ·--·6r.;ooo· ··--·72" ····594;ooo· .. --. 6ii. ·--356,"ooo· ···-···· ............ ·-···-···-· 
(e) All other food products·--·-·-·-···-······· 4,891 4,035 44 179,351 99,549 1,1S9 85,533 50 2,637 640 9,326 82 2,053 7P, 802 13,503 78,936 866 IS, 127 114,602 4,624 35,666 386,956 435,502 833,774 5,514 740 73,000 40 238,000 65,000 . . -"29i," 000 

(a) Cotton goods, small wares, and lnce. _ ..... 689 676 1,320 895,513 713,879 772 418, 7"3 121 151, 550 32 I, 974 662 141,572 181, 6.34 17,113 ISO, 156 1,478 30,976 386, 76~ 13,86.1 206,612 307,780 1, 683,664 1, 952,085 16,426 1, 350 960,000 I, 350 245,000 87 500,000 1.0 500.000 675,000 77 1, 500,000 80 1, 200, 000 20 300, 000 675,000 525,000 

~~? ~~r~~~~~~~::::::::::::::::::::::::::: :::: :! 1,323 1,322 68 89,439 53.402 331 39,795 15 5,814 24 23.5 91 7, 5il8 36,037 6,180 33,999 2, 03S S, 763 48,998 2, 583 14,999 89,001 273,169 35.3, 012 158 1, 000 53 400 900 32,400 37 17,000 1.1 IB; 700 17,000 24 85,000 50 42, 500 50 42, 500 17,000 25,500 
1,190 1,158 120 139, 001 80; 052 379 59, 771 34 12, 159 41 1,327 56 6, 795 59,009 16,994 55,024 2, 985 25,631 82,215 S,637 26,191 2.58,569 ISS, 958 421, 214 383 1, 000 so: 000 900 53, 000 74 54,000 !.I 59, 500 54,000 57 240,000 60 144, 000 40 96,000 54,000 90,000 

~~~8~~~~~:~!~~~~: ::::::::::::::::::::::: ::' 636 623 610 380, 229 317, 237 694 170,621 79 100,934 15 962 427 44,720 62,992 5, 736 60, S79 2,113 15,476 191, 163 9, 740 130, 284 181, 512 1, 210, 117 1, 373, 48t; I, 994 1, 31)() 412,000 I, 300 80,000 20 54,000 1.0 51,000 70,500 12 162,000 80 130, 000 20 32,000 70,500 59, 500 
2. Textiles and their products ......•.....•. 70 65 490 31, 999 25,704 72 20, .532 6 ~~ 7-!iO 2 85 7 1, 2q7 6, 295 &17 6, 295 0 2,416 18,831 I, 769 12,5.36 36, 323 225, 452 258,087 300 I, 040 25,8110 1, 040 a, roo 29 7,000 1.0 7, 000 7, 300 19 47,000 40 IS, 800 60 28, 200 7,300 11,500 

(!) Dfteingandfinishi1··~·········-·-·-~···· 615 565 252 142, 520 l!S,9l7 1, 755 74, 49.~ 75 31, oss 28 2,134 71 11, 197 23,603 3, 369 2.3,025 578 8, 684 79, 654 5,31,> 56,629 429, 501 9.51,073 1, 336, 302 1, 215 1, 000 119,000 850 20,000 23 25,000 I. 2 30,000 2.:),.500 8 75, 000 80 60,000 20 15. O!lO 2.5,500 34,500 
(g) A lother!ab!"icsan materials ... _ ... -·-··· 313 292 356 104, 078 81, 16-9 233 47,744 19 13,667 11 466 76 19, 292 22,909 1,469 22, &16 283 3,45.3 49, 683 1,9?4 27, 037 129, 176 173,350 289, 513 18,502 1, 200 9}. 000 1, 200 27,500 65 40,000 1.0 4{), 000 48,000 42 120, 000 80 96, 000 20 21,000 48,000 48,000 
(h) Clothing ... _._._ ... --·_ ............ _ ....... 14,633 13,021 6 spl4 26,597 243 21,509 8 .... 2, 265 179 1,608 23 1, 215 57,317 41,104 56,556 761 44,389 66, 704 3 235 10,148 279, 219 130, 146 380,301 9, 343 650 I ,000 650 37,300 60 15,000 1.0 15,000 9, 700 28 105,000 60 63, 000 40 42,000 9, 700 53,300 
(i) Allothertextiles ... __________ ............. 808 717 67 4 '969 23,538 182 19,727 7 2, 041 33 638 20 1,132 24,431 3, 564 24,2&1 167 4,669 33,402 1;105 9,138 ,;2, 344 233,728 280,803 4,002 I, 300 30,600 1, 300 31,800 54 12,000 1.0 12,000 15,600 39 108,000 75 81, 000 25 27,000 15,600 65,400 

ra) Blast!ttmaces._ ....... --··.··-····-··~······ 27 27 6,800 11'3,833 183, 39.5 255 85,844 10 23,WO 39 74,405 4 126 438 9 438 0 716 Sl, 718 707 81, 280 40, 516 • 273,454 309,754 3, 170,821 2, 400 430, ()QI) I, 000 400 . ----38 ~ ---i8.5"00iJ" -··i:c.·· · · · iss,-ooo· · ·-iss,-ooo · ···-······· ........... 

3. Iron and steel. ............ ~ .............. 
(b) Steel worke and rolling mills ... _ ........... 112 112 5,100 571, 666 489,943 1,147 353,920 138 75,341 25 59,747 s 935 81, 721 6,075 81,473 250 23,077 512,196 17,002 430,723 521, 271 3, .549, 0!)9 4, 018,206 ss, 698 1, 000 490,000 1,000 81,500 40 . . i; 630," 000. ·-···75" . i; 220," 000 • ··---25" -·--4io;ooo· 18.5, 000 1,035, 000 
(c) IJocomotives, not by railroads ............. 5 5 14,221 71, 106 22, 535 52 11, os.;; 6 5,000 2 500 0 0 43, 52! 2,396 4S, 521 0 3, 924 85,366 I, 528 36, S45 32,708 216,729 246,179 20, !l80 I, 100 25, 000 S2.i 40,000 77 17:000 1.3 22,000 18,000 44 107,000 65 70,000 35 37, 000 18,000 52,000 
(d) All other iron and •tee! products .. _.~ ..... ~ 6,625 6,218 148 919,150 479,.\81 2,045 281,911 177 148,261 1,079 29,427 313 19,982 439,569 40,746 436, 6!>7 2, SS2 59,962 675,674 19,216 238,9!>7 717, 35ll 2, 340,098 2,9S4, 744 555,304 941) 450,000 780 342,000 97 442,000 1.2 531,000 415,600 69 2,050,000 75 1, 540,000 25 510,000 415,600 I, 124,400 

{(a) Lumber .. ·-···-····-·-·---·---····-······· I, 748 1,6-H 46 76,222 71, 2R8 1,3SO 53,022 11 1,085 223 4,990 380 12,191 4, 93! 331 4,869 65 53fi 7, 855 205 ~986 I, 157 19,238 20,275 275 740 52,700 720 3, 500 -···-ss· ·-·ii2,-ooo· .•. i45,' 000. ----·:;;coo· 
1. Lumber •. ·-······-····-·-····-···-······· (b) Furniture and all other ... _.---··- .. __ ·- ... 3, 872 3,009 66 204,311 135,117 1,113 118,253 18 4, 385 334 4,%7 211 7,512 69, 194 9,373 65, 87! 3, 320 12,727 95,853 3,354 29;9~ 85,324 325,738 402, 55S 10,881 620 83,500 480 33,200 -·T3-- 80 · · ·-320; ooo · 75 ·-"240,"666" ""'"2.5" ---··so;ooo· ~··-76,-ooo· ·---i7o;ooo 

5 Le th {(a) Tanned, curried, and finished .... _ ...•.... 366 352 250 87,929 58,485 355 47,924 22 9,137 9 426 12 996 29,444 2,001 29,081 363 4, 294 59,096 2, 293 30,015 78, 148 431,377 501,832 2,420 I, 500 88,000 I, 500 45,000 17 10,000 1.0 10,000 15,000 20 100,000 25 25,000 75 75, ODD 15,000 10,000 
, a •r-·---··-······-····-·-··--··-·····1 (b) Finished products 2,876 2,355 38 90,152 45,976 307 33,372 18 10,990 7S 871 15 743 44,176 s, 275 88,174 6,002 11,183 54,850 2,908 16,676 69,207 215,753 277,868 846 800 36, GOO 900 39,800 80 35,000 0.9 31,500 28,000 51 140,000 33 46,000 67 9!, 000 28, 000 18,000 ·············-·-·······-· 

ra) Paper and wood pulp ___ ···--····-·-····-· 297 297 1,620 432,036 426,023 1,085 184,827 61 38,050 15 1, i96 682 201,344 56,003 1, 339 54,5.'i3 1,510 4, 355 112,378 2,516 57,825 546,391 1, 755,752 2, 247,087 10,013 3,000 1, 278,000 3, 000 168,000 49 110,000 1.0 !10, 000 330, 000 40 900,000 so ~720, 000 20 18,000 330,000 390,000 
6. Paper and printing. __ ----- .•... ~.·- .... ·' (h) Manufactures of ~~per ...... _ .. ·- ... -- ..... 1,133 1, 03S 54 5.'i,887 ' 32,043 169 21,174 20 8,447 65 923 22 1,499 23,844 6,322 23,468 376 9, 346 38,093 3,024 14, 62.; 71,380 124,238 188, 4SS 1,313 1,200 38, 500 1,000 24,000 9! 28, 700 1.2 34,000 34,000 8-1 156,000 75 117,000 25 39,000 3!, 000 ss,ooo 

(c) Pnntmgandpu li'hmg ___ . ______ ....... ~~ 9,460 6, i)5Q 24 168,4.56 31,710 221 ?:1,860 7 697 339 2,466 24 687 136,746 44,670 136,122 624 49,620 155,817 4,950 19,695 147,488 74,425 206,096 1,852 1, 200 38, 000 1, 000 136, 700 100 31,000 1. 2 37,000 37,000 65 133,000 90 120,000 10 13,000 37,000 83,000 

7. Liquors and beverages ...... _ ............ ············-·····························-····· 1,424 1,303 ss 113,934 101,762 1,225 97,792 29 2,5SS 102 714 34 668 12,172 3,117 11,893 279 6,046 30,666 2,929 18,773 345, oss 396,059 706,252 5,140 470 48,000 470 5, 700 71 71,000 I. 0 71,000 33,000 68 481,000 27 130,000 73 351,000 33,000 97,000 

ra) Coke, excluding gas-house coke_ .... -·-·--. 10 10 3,975 39,746 20,732 115 9,442 53 11,290 0 0 0 0 19,014 470 19,014 0 947 34,241 477 15,227 4,077 4,019, 770 4,023, 436 36,945 600 12,000 600 12,000 75 15,000 1.0 15,000 9,000 38 1,500,000 4 60,000 96 1,440, 000 9, 000 51,000 
(b) Explosives .....•.•.......... -.- .... -·-·- .. 23 23 850 19,522 16,049 87 8,072 20 7,214 1 14 25 749 3,473 155 3,473 0 I, 189 16,575 1,034 13,102 40,157 251,416 281,489 0 1,~ 2!,000 1,~ 5,200 100 15,300 1.0 15,300 23,000 96 277,000 27 75,000 73 202,000 23,000 52,000 

8. Chemicals and allied products.- •......... (c) Gas, illuminating and heating_._.·- ... ·-·. 265 202 540 108,197 103,792 1,331 75,472 404 25,290 33 3,010 1 14 4 405 413 4,392 13 1,003 12,875 590 8,483 I, 229, 102 2,399, 383 3,502, 208 608,629 62, ooa 2,600 60 62,000 1.0 62,000 37, 000 16 1,60J, 000 12 200,000 88 1,400, 000 37,000 163,000 
(d) Petroleum, refiuing _ •.. _ ... ·- •. ---- ....•. - 21 21 3,167 6.5,517 65,020 709 29,655 77 23,158 26 12,206 0 0 1;497 48 1,497 0 1,125 25,641 1,077 24,144 1,037' 653 3SS, 913 1,322, 800 222,156 1,300 85,000 1,300 2,000 23 15,000 1.0 15,000 20,000 23 30J, 000 23 69,000 77 231,000 20,000 49,000 
(e) All other chemicals.-· .. _. __ ._ ... ·- ... -·--. 2,937 1,853 156 289,867 181,065 1,811 136,549 129 40,742 190 4,869 37 2,805 10!, 902 9,528 104,291 611 17,946 201,286 8,418 96,995 993,197 I, 956,813 2,850,695 39,840 1,500 277,000 1,500 158,000 65 125,000 1.0 125,000 ISS, 000 55 1,5!8, 000 50 !74,000 50 774,000 ISS, 000 58ii,OOO 

ra) Cement .•.• ··········-·---··-········-·-·- 29 28 5,800 162,056 11!, 886 192 94,694 13 14,070 15 6,072 1 50 47,180 SS7 47,180 0 1,986 SS,242 I, 149 41,002 272,211 1,851,521 2,099,4SS 1,586 4,000 460,000 4,000 190,000 25 29,000 1.0 29,000 116,000 25 525,000 4{) 210,000 60 315,000 116,000 91,000 

9. Stone, clay, and glass.- ..... -· ...... - .•. - (b) All other stone products .. _.-·-·._._ .... - .. 1,724 1,~~ 60 76,304 41,351 689 34,945 5 1,982 402 4,102 6 322 34,953 2,316 31,614 339 2,667 40,730 351 6,116 93,186 283,909 370, 152 53,438 700 29,000 580 . 20,200 97 40,000 I. 0 40,000 23,000 68 236,000 50 118,000 50 118,000 23,000 95,000 
(c~ All clay products-·- .... -·-._ ... _.--.-··- .. 694 !58 93,602 67,292 646 61,550 5 1,125 ss 1,905 33 2, 712 26,310 1,272 26, 203 47 I, 738 34,045 456 7, 782 176,312 738,238 893,209 6,622 520 35,000 520 13,700 91 59,000 1.0 59,000 30,600 73 640,000 20 128,000 80 512,000 30,600 91,400 

(d All glass products- .... - ... ·-·-·-.-·--.-- .. 435 326 40 I3,046 5,822 77 3, 75.'i 2 200 36 1,827 2 40 7,224 922 7,128 96 1,137 9,517 215 2,389 12,245 231,173 242,179 6,591 1, 740 10,000 1,600 11,600 83 4,800 1.1 5,300 8, 500 60 145,000 25 36,000 75 109,000 8,500 27,500 

M tals oui {<a) Metals, nonferrous •. - .... -·-·-··-·-····---· 696 600 490 297,209 195,826 286 97,691 71 93 35.'i 91 2,460 21 2,320 101,383 5,547 !>7,260 14,123 9,916 170,463 4,369 83,203 796,475 979,697 1,696,802 329,395 3,400 665,000 2,800 280,000 90 175,000 1.2 210,000 590,000 77 1,315,000 60 789,000 40 525,000 59G, 000 199,000 

10. e ,n errous- .. · .. -······-·-······1 (h)Metalproducts,nonferrous ....•.... ---·--· 3,991 2,817 38 108,040 49,948 285 38,575 17 4;226 200 4,474 51 2,673 58,092 11,163 55,628 2,464 14,777 83,281 3,614 27,656 87,386 226,80-1 305,566 9,837 1,350 67,500 1,120 65,000 95 45,000 1.2 54,000 61,000 72 217,000 80 173,000 20 44,000 61,000 112,000 

::: :::::~~~a~~~:::::::::·:::::::::{i~~-~iii~f~ii\~~~;.;;;;;;;;;;;;;;;;;;;;; 
4,175 567 27 15,334 8,773 107 7, 744 2 576 . 17 176 8 m 6,561 I, 745 6,561 0 2,052 9,480 307 2,919 39,529 40,007 75,616 908 960 8, 400 980 6, 300 100 8, 500 !. 0 8,500 s, 100 79 52,000 68 35,300 32 16,700 8,100 27,200 

3,471 3,214 18 58 307 16,094 82 9 250 6 3,~ 368 2, 773 4 196 42,213 8,453 42,132 81 9,066 48,416 613 6,289 58 402 liS, 525 171,090 1,213 1,080 17,400 900 ss,ooo 95 15,000 1.2 18,000 16,200 41 69,000 53 35,500 47 32,500 16,200 20,300 
11 11 2,05:J 22:628 5,398 19 4:890 1 2 8 0 0 17,230 1,029 17,230 0 1,998 25,766 969 9,536 38:471 82,928 117,480 8, 744 1,200 6,500 1,200 20,600 100 5,400 1.0 5,400 6, 500 36 42,000 50 21,000 50 21,00D 6 500 14,500 

823 037 14,445 6, 730 53 4,445 2 56 128 1,083 27 1,146 7, 715 1,410 7' 032 831 1,455 8,243 45 611 10,796 28,8321 36,535 622 760 
5,100 I 760 5,800 100 5,600 1.0 5,600 4,200 42 15,000 50 7, 500 50 7' 500 4;200 3,300 

I 

3 Railr ad · sb {(a) Steam-railroad repair shops •... _._. __ ._._ .. 215 189 530 100,344 67,744 366 61,141 14 6150 22 358 2 95 32,600 1,683 32,000 6001 5,0!3 80,!H6 3,360 48,846 421,705 m 943 979,477 205,0&5 2,000 135 000 2,000 65,000 100 67,000 I. 0 67,000 134,000 79 734,000 50 367,000 50 367,000 134,000 233,000 
1 - o repau ops .... -- .. ---- · .. · .. · (b) Elootric-railroad rQpair shops .............. !54 127 153 19,552 805 18 805 0 ' 0 0 0 0 0 18,757 1,080 18,732 

251 
1,080 18,732 I 0 0 14,161 3!l; 439 1 43,166 I , 800 '640 800 15,000 100 800 1.0 800 600 14 6,000 80 4,800 20 1,200 600 4,200 

. . . . r:\ ll:~~~;::.:::::::: :::::::::::::::::::I 580 524 116 60 783 33,755 113 12,418 29 16,403 62 3,232 24 1, 702 27,028 3, 776 26,887 141 6,043 43,341 2,267 16,454 64,970 157,3951 215,896 9,m, 
910 I 910 2!, 600 94 30,000 I. 0 30,000 127,300 65 140,000 45 63,000 77,000 27,300 35,700 30,000 I 55 

224 217 1,500 175; 120 SS,067 273 6J,M5 27 14,054 7 1,023 28 3 435 !>7 053 3,963 ~~·~ 127 6,366 1.2.3,658 2,403 35,732 138,301 585,4031 70J, 908 4,006 1,500 132,000 1 g~g !OJ, 000 83 70,000 1.2 8!, 000 105,000 03 441,060 50 222, coo I 50 222,000 105,000 117,0JO 
14. ~fiscellaneous Industries ....... ___ ....... (c) Eleztnca1maebinery .•.•..••... ·--- ...••.. 574 544 414 225,195 122,113 172 42,&10 33 76,393 39 1,810 10 1:270 103;082 18,367 227 41,187 2!1, 321 22,820 138,466 97,087 495, 539 583,677 10,676 I 500 1&3, ooo 1 12J, 000 76 92,000 1.2 110, 000 142, 000 51 aoJ, m:o 50 15!), QOQ I 50 15J, 000 142, coo 8,0lJ 

(d) Ice, manufactured----··- ... -·-·-- ..... -- .. 1 338 330 337 Ill, 318 82,566 617 74,392 25 1,625 52 5,7iS 6 7~~ I 28, 752 700 20;80'2 1,~ 1, 439 3!, !>74 739 8,072 170, 7i3 558 842 712,636 1,4141 2: 6{)0 215,000 1 2:40J 6S, 000 96 79 000 1.1 87, 000 210,000 96 68J, m:o 99 673, m:o 1 I, 000 210, coo 433,0Jl) 

(e) Shipbuilding .... -· •. --.-----·-- __ ·- ... -- .. 393 350 655 22:},078 51,478 233 29,022 23 25,196 167 2,213 2 171,600 8,850 171,375 10,450 20S, 683 1,600 37,308 34,222 493:429 527,226 55 447 1,800 102,000 1,200 2D5, 000 100 57:000 1. 5 85,000 102, coo 59 310,000 78 242,000 22 6S,OOO 102,000 HJ,OJO 
. (I) All other miscellaneous __ ----·---.·- ____ •.. : 7, 8ll2 5,968 45 270,·030 162,131 1,183 119,592 52 31,215 352 5,514 122 5,810 I 107,899 22,573 105,339 2,060 28,SM 165,480 6,291 59,641 349,629 748,382 : 1,061,9.59 19;273 . 1,060 172,000 1,050 115, ooo I ifl 136,000 !. 0 136, coo 145,000 74 773,000 65 503,000 35 270,000 145,000 358,000 

15. Laundries ...• _ .......... -- ... -.-.- ........ - ··- ... -· -- ·- -- -·.-. ·- ----· -· ---- ·-- ----·- ·---: 
! I I 

10,000 : 1,596 1,563 35 55,087 44,371 9!)1 42,552 19 1,123 41 588 5 91! 10,716 2,m

1 

9,331 1,385 4,131 17,503 2,104 8,172 178,569 234,261 j 39!, 91!1 4,871 i 80J 35, 5!!0 300 8,600' 23 1.0 10,000 I 8,000 25 100,000 20' 20 000 80 Sll,OOO 8,000 12,000 

1,417 i i 
3 765! 29,663 1 o: 123,000; 782,000! 1,170,000 i 1,2~5,000 9217,012:600 16 Min d · {(a) Anthracitemines .• _ .... -···--·-·-····---·-: 387 384 2,340 899,725 782,223 5,298' 730,141 45 50,655 79 0 0• 117,503 l,SS1 117,503 0' 5,6!5 3!J3,246 185,743 8,5.'i2.634 7, 721,9'.l0 1,~ 1,215,000 1,040 100 1.5 9!l 7,657,000 8 6!5 000 11 215, 00!) I 5, 797,0JD 

· esan qnames .•. - ..... ~-·· ·--···-··, (b) Minesandquarriesexceptanthracitamine5 643 555 200 Iu,o:n 75,050 1,156! 64,286 12 3,4S6 133 5,577 17, 1, 721 35,91!1 789 35,981 
01 

934 43,713 '1451 7, 732 45,833 23-6,127 I 277,382 328! 58,~ 780 28,000; 100 73,000 I 1.0 73,000 a7,000 96 266,000 93 247,000 7( 19; GOD 57,000' 190,000 

17. Government institutions._ ..••.......... 
1 
•••.••••••• -· •.•..•• - .. - ·-- •• -- -· -· -- •••• ·-.·--.I I 

3 j 31,000 I 31 31 3,3e) 102,729 77,534 59~ 30,328 ' 36 46,195 i 4 IIJO 1 910 ! 25,195 I 1,819 : 25,1% o, 12,646 i 131,423 10,827 ' 100,228 24,375 I 402,649 ; 425,586 3,532 1,390 108,000 1,240 ' 100, 76,600 1.5 115,000 : 95,000 87 370,000 41 I 152,000 59; 218,000 ! 95,000 53,CJ:l 
---,---, 

I I ' 
---

' ' I i 
" -- -- - - - - -

Grand totaL._ ... ·-···--··----·-·-···;·-··~····-····---·-·--·----··--···--·--·--·----·. %,9B! I 76,227j 119,9,0o9,47li6,2H,002133,379 i 4,255,8681 2,11511,171,051j 6,2461279,040 i 4,708 j 541,033.2,822,469 J 06!,951 j 2,770,715. a1,154 ~ a5J,907. 5,335,6?:/l 198,948 • 2,565,912 J 20,909,865134,669,324. 53,453,al3! a,661,028 1,490 j9,311,440; 1,20013,338,800 I 70 14,008,200 I 1.181 4,103,000 ,5,623,800 I 55 I 29,818,000 I 64119, 125, 900 1 36110,692,100 j a,623,8ll!l. 13,592,100 

a Factor A e!}uals e-quivalent Irilov.-artahours deverope!l per annum by earh horsepower of prime movers in column 7. 
• Factor B equals equivalent kilowatt-hours of pu1chased energy consnmed per annum by eanh horsepower in column 16, 
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ANALYSIS OF INDUSTRIES. 

GENERAL FEATURES. 

"' 
In order to determine the quantity of coal that might be saved and the. amount of power 

that might have been economically supplied by purchased energy, the detailed statistics of the 
industries shown in Table 46 were submitted to several engineers and manufacturers, who 
analyzed the data and gave their opinions as to the amount of energy that might have been 
economically purchased and the resulting saving of fuel. In the estimates made by this survey 
due regard has been given to the opinions thus obtained. . 

The results of this analysis are shown in Table 48. The headings for columns 5 to 27 in 
Table 48 are the same as the corresponding headings in Tables 44, 45, and 46. Other columns 
are explained as follows: 

Column 29 is column 7 multiplied by column 28. 
Column 31 is column 16 multiplied by column 30. 
Column 32 is the ratio, in per cent, of column 33 to the difference between column 7 and 

column 15. 
For each size of power plant in each industry the prime mover that might have been re

placed by superpower was determined. The sum of these items is shown in column 33. 
Column 34 shows the motor horsepower per prime-mover horsepower as determined by the 

authorities consulted. 
Column 35 is column 33 multiplied by column 34. 
Column 36 is column 35 multiplied by factor B (column 30). 
Column 37 is ratio in per cent of .column 38 to qolumn 26. 
Column 43 is based on a consumption by the superpower system of 2 pounds of coal per 

. . column 36 x 1000 x 2 
kilowatt-hour delivered at the motor leads. Column 43 

2000 
Column 44 equals column 40 minus column 43. 
This table shows that the energy developed by prime movers in the industries in 1919 was 

equivalent to 9,311,440,000 kilowatt-hours and that the energy purchased was 3,338,800,000 
kilowatt-hours, a total of 12,650,240,000 kilowatt-hours; also that it would have been econom
ical to shut down 4,008,200 horsepower of prime movers, exclusive of water wheels, and to 

· purchase additional energy to the amount of 5,623,800,000 kilowatt-hours, which would have 
made n, total of 8,962,600,000 kilowatt-hours·of purchased electrical energy. 

The total coal used for power by prime movers that might have been replaced by super- · 
power and the coal used in conjunction with them for heating and in manufacturing processes 
was 29,818,000 tons, of which 19,125,900 tons was used for power and 10,692,100 tons for 
heating and in manufacturing processes. If the energy developed by these prime movers had 
been purchased, the 19,125,900 tons of coal burned for power would have been replaced by 
5,623,800 tons "burned at the central stations (at the rate of 2 pounds of coal per kilowatt-hour 
as measured at the motor leads), a saving of 13,502)00 tons. That is, 71 per cent of the coal 
used for power by the prime movers or 25 per cent of the total coal used by the industries might 
have been saved. · 

In estimating the fuel saved by the superpower system (Table 48) the percentages given in 
colu1nns 39 and 41, "For power" and "F.or heating and process work," are to be construed not 
as percentages for the whole industry but as percentages for only that part for which purchased 
energy might have been supplied. These percentages were obtained from the analyses made by 
the authoriti'es consulted. 

Column 33 shows the power that might have been supplied economically to each industry 
by a superpower system. In determining this item the groups that use waste gases for fuel, 
that use waste-heat boilers, and that have water power were omitted. In all but a very few 
industries it was found to be more economical for plants of less than 200 horsepower to purchase 
all the energy they require, regardless of their requirements for heat. Almost the same is true 

63361°-21-10 

• 
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for plants of 201 to 500 horsepower. It is only in plants that are larger than 500 horsepower and 
that have some special requirements for heat that the generation of power can be justified. 
Even iri these plant~ the power supply and demana can not pe completely balanced, and central-
'station connections should be available for taking up irregularities. · 

SE.CONDARY SAVINGS. 

In tbis analysis the only fuel ·saving credited -to the purchase of electrical energy is the 
"direct saving in the production ofpower. Experience has shown that in plants using purchased 
power mu.ch of t4e fuel formerly used for process heat can be saved through ·the simplification 

. ·of the heating arrangements by the elimination of power production. Further, it was assumed 
-in the analysis that much .prime-mover p~wer would be retained, owing to the use of waste-heat 
boilers and strict modernization of power-producing equipment. Such improvements would 
undoubtedly also result in an improvement in the heating arrangements similar to that found in 
an establishment purchasing electrical energy. 

WATERWORKS. 

The accompanying tables do not include the mechanical power-supply equipment or 
fuel used by waterworks, because these plants are usually considered in a different class from 
industries. A survey of the waterworks in the superpower zone shows that they used 260,000 
long tons of anthracite and 260,000 short tons of bituminous coal in 1919. To replace this 
coal would require 340,000,000 kilowatt-hours of energy,· the generation of which would 
require 340,000 tons of coal, at 2 pounds of coal per kilowatt-hour at the motor leads; this indi
cates a saving of the equivalent of 154,00.0 tons of bituminous coal. The possible load due to 
waterworks has not been included in.any figure of this analysis. 

COMMENTS ON SPECIAL INDUSTRIES. 

The industry using the largest amount of coal is anthracite mining, and in this industry a 
coal saving of more than 75 per cent·could be made if the mines were supplied from an effi
cient central electric power system~ The present large consumption may be accounted for by 
the use of inefficient prime movers, lorig steam lines, inefficient pumps, and improper boiler 
and furnace design for burning the coal. 

Many industries could save coal by the use of waste-heat boilers. Probably the greatest· 
saving by this means could be made in the cement industry. It is estimated that if waste

. ·heat boilers had been in use in all the cement plants in the superpower zone in 1919, 540,000 
tons of coal would have been saved. · 

There are many blast furnaces -in the superpower zone which are isolated from any steel 
plants or rolling mills, and approximately half their gases are wasted. These gases would pro
duce sufficient heat for boilers to generate 500,000,000 kilowatt-hours a year. 

In certain plants the low-pressure steam requirements greatly exceed the power require
ments, and there is no reason why such plants should not generate by-product power and sell 
it to the electrical distributing companies. 

ENERGY REQUIRED BY LOAD CENTE:a,S. 

Table 49 gives the electric energy in kilowatt-hours that might have been supplied by a 
superpower system i:ri 1919 to replace the energy produced by prime movers in isolated plants. 
The factors. for energy requirements obtained from the analysis summ~rized in Table 48 were 
applied to the detailed data for each industry in the Bureau of the Census, and the results 
summarized by load centers are given in Table 49. · 

• 
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TABLE 49.-Electric energy, in kilowatt-hours, that might have been supplied by a superpower system in 1919 to replace 
. . the energy produced by prime movers in 1solated plants. 

Load center. 

. . . . ~ 

Total energy at 
motors. 

Boston ..... : . ...... , . ·'" _. ... ·: ........... ·" .. · .... :_ .... · ...... :· ....... :. . . . . . . . . . . . · 206, 'ooo, 000 

~~cl~~~~~;;c·e:."_ ~ ~:::::::: ~ ~ ~:: :.-:::::: :::::::: :··~::::::: :.::::::::: ~::: ~: :-:: ~-:::::: ~~~; ggg; ggg 
Worcester ...... ~ ........... : ..... :· .......... :.~.~ ............................ ·. 130,000,000 
Northat:npton ... -~-- ............................ :· ............................ , ,._ 105,500,000 

~:~;f1f~~~;~·-· _: ~:: : : : :-: : :: : : : :·: : : : : : : : : ·: : : : ::: : : : : :·: :·: : : : : : :.~ : : : : : : : : : : ; : : : : :: : ~~~; 888; ~88 
t-1f~:~ ._._:_ .. ·: ~ ~ ._._._- _- ~: -~ ~-~ :·:: ,: : ~ :·~ ~::::: :·::::::::::::::::::::::: :~:::: ~-::::: ·:::: . . 1~~; ~88; 888 
New York .................. : .. _ ................•. :- ...... : ............... ;......... · 460,000,000 
Newark ... ~ .... : ......... · .... · ... : .. ·- .......... ,._ .......... ~ ..... :............. 625,000,000 

~\~!~~~'~::::_:_:_:.:_::: :: :"::: ;: :: :; :::::::: ::~::::::::: ::::::::::::;: :::::::: ~~:1!:: 
Pottsville ..................... · .... · ....... " ...... :.· ....... ;.' .............. :..... 495,500,000 
Baltimore.· ........... : ................................. ~ ....... ,~ .. ,.,.·_....... 1.25, 000,000 

~~g~~~I\1~~i~t-... ~ ._._._: :·:·-~~:::::::: :.: :·:::: ::-~::::: ·:·:: :·::::: :·: ::·:·:--: :_:.: -: :-:·-: :::::::::::: ~Jg; ~88:.888 

Portion or ener~q for 
anthracite mmes 
at motors.· 

785,200,000 

415,470,000 

1.4, 780,000 

z~:~;~~~-t~l~: :·: :~:::: _-_ .. _._._ -_::::::: ~:: ::: .. :: :·: .: :: :·:::::::;::::: ~: :.~::: :·::: ~:::::::: 1~6: 888:888 
1~--~--~---1----------~ 

5,623,800,000 1,215,450,000 

PREDICTION OF· FUTURE LOAD. 

Figure 17 shows the past and.preclicted future·inchlstrial mechanical power-supply equip
ment. The _past ·has been plotted froin Census .d~ta ·and the· future from the past and the 
opinion of several authorities ·on industrial 
development in the Z<?ne. It is shown in 
Table 48 that on the average 1.18 horsepower ·: · 12 

of motors is required to replace 1 horsepo.wer II 

10 
of prime movers. The_ increa~Q jn .r~cent 
years of motors operated by purchased energy 
has therefore affected the aggregate horse
power, giving .the curve an increased slope. ~a 
This has been· .considered in predicting the 3 

-'7 

9 

1930 value, which shows an increase. in th;e ~ 
z 

aggregate horsepower of 33 per cent. from· ~ 6 

1919. If the ratio ·of motor~ operated by ~ 5 

purchased energy to aggregate horsepower :!1 

remained as in 1919 the increase in aggregate ~ 4 

horsepower in 1930 would be only 20 per cent. 3 

The curve of horsepower that might have 
been supplied by ·superpower as ·drawn in 
figure 17 is based on the analysis in Table 48 

.. 

for 1919. _As in that year 4,008,200 horse
power of prime movers would have been 
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replaced by 4, 703,000 horsepower of motors, . FIGURE 17.-Past and predicted future mechanical power-supply equip-
ment used by industries in superpower zone, 1870-1930. 

it has been necessary to co~sider the ratios 
discussed in the preceding paragraph in plotting this curve. When "saturation" is reached 
in 1930 these considerations are eliminated; prior to that time the form of the cu"rve is correct, 
but exact values have been adjusted in consideration of the actual horsepower of motors 
operated by purchased energy. 

COST OF INDUSTRIAL POWER. 

Figures 18 and 19 show the comparative cost of power generated in i~olated cond~nsing 
plants of capacities up to 5,000 kilowatts, operating at four load factors, ~nd of purchased power 
for the same capacities. For the ·same load factor the curve of the cost of purchased power 
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is considerably· below the cost of generated power. As these curves represent condensing 
plants, all noncondensing plan.ts, where the exhaust 'steam is not utilized In manufacturing, 
would realize an even greater saving by the purchase of power. 
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FIGURE 18.-Cost of electric power for industrial plants operating one shift daily. Based on prices and central-station rates prevailing in July, 
1919. Coal figured at $5.18 per short ton delivered. Fixed charges, 16 per cent. 
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l!'IGURE 19.-Cost of electric power for industrial plants operating three shifts daily. Based on prices and central-station rates prevailing in July, 
1919. Coal figured at $5.18 per short ton delivered. :F:ixed charges, 16 per cent. 

ISOLATED PLANTS. 

The cost. of power shown for isolated plants includes all labor, fuel, and fixed charges. 
Labor rates are those of 1919. Fuel was charged. at $5.18 per short ton delivered. Fi"'<:ed 
charges, including interest, depreciation, taxes, and insurance, were taken as 16 per cent of 
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the investment cost as of 1919. 
with the best modern practice. 

The isola ted plants were assumed to be designed in accordance 

CENTRAL STATIONS. 
q 

The central-station rates shown on the curves are the average rates in force in 1919 for 
several electric utilities that used coal-produced energy exclusively and that supply approxi
mately 400,000,000 kilowatt-hours yearly for industrial power at these rates. The rates are 
adjusted to coal at $5.18 per short ton delivered. At the present time these rates are typical 
of the large central stations only and not of the smaller companies, which are prevented by 
limitations of generating capacity from soliciting large power loads. These limitations would, 
however, be removed by t~e development of a complete unified system of electric supply. 

SAVING IN COST OF POWER TO INDUSTRIES. 

In Table 50 are given estimates showing the saving in cost of power to the industries 
possible by a change from the· several types of power-supply equipment actually used in 1919 
to the n::taximum economical use of purchased electrical energy. The costs of power have been 
taken from figure 18, the data being applied in detail to each type and average size of plant, 
and the estimates therefore show the difference between average best isolat'ed-plant practice 
and central-station service. Savings are also shown for 1930 on the same basis as for 1919. 
A fLxe<;l charge of 16 per cel).t per annum has been made against electrification, based on the 
cost of motors at $35 per horsepower installed. It is to be noted that in either 1919 or 1930, 
when the maximum purchase of electrical energy is considered, the aggregate horsepower is 
greater, owing to the ratio of motor to engine horsepower, as explained in connection with 
figure 17. The figures in the last two columns of the table are rounded to represent the nearest 
$10,000,000. 

TABI·~~ 50.-Possible saving in annual cost of industrial power through maximum economical use of purchased electrical 
energy, 1919 and 1930. 

1919. 

A.ctual proportion of. power-supply equipment, 9,069,000 horsepower (average cost; $55 
per horsepower-year) ..................•................................ _.. . . . . . . . . . . . $500, 000, 000 

\V.ith maximum purchase of elec~rical energy: 
9, 764,000 horsepower (average cost, $32 per horsepower-year) .......... $310,000,000 

Horsepowl'r. 
Motors required ......................................... 4, 703,000 
Motors now installed and available (21 per cent)............ 990,000 

New motors required ................................ 3, 713, 000 
Cost of motors installed, $130,000,000. 
Motor fixed charge, at 16 per cent ............. -- .. -- ..... : . ........ -- 20,000,000. 

330,000,000 

Possible saving ............................ ~·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170, 000, 000 

1930. 

Arrested development, based on a supply of industrial power by equipment in the same 
proportion as was actually used in 1919, 11,100,000 horsepower (average cost, $55 per 
horsepower-year)_ ............................................................... - - $610, 000, 000 

With maximum purchase of electrical energy: · " 
12,150,000 horsepower· (average cost, $32 per horsepower-year) ........ $390, 000,000 

Horsepower. 
Motors required ........................................... 6, 700, 000 
Motors now installed and available (21 per cent) ...... -... -- 1, 400,000 

New motors required ............................ --- 5, 300,000 
Cost of motors installed, $185,000,000. 
Motor fixed charge, at 16 per cent ......................... ~ .... -- . .. . · 30, 000, 000 

420,000,000 

Possible saving .............................................. -.-.- ... -.- .. ----...... 190,000,000 
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APPENDIX E~ I ' !'I 

. PERFORMANCE AND. COST OF .. THE; -SUPE:RPOWER. S_YSTEM . 
!;" . 

. ;. · .... 

By HENRY FL6on, jr:; !.. R. WELLwoon, and others of the engiileering'staff. · 

GENERAL CONDITIONS. 

The accompanying tables and diagrams !'h~w the iri~estment cost arid the cost of power 
delivered by a superpower system, to the load centers in 1919, in 1925, and in 1930. St. Law
rence and Niagara power will probably not be available until after 1930, but the effect of St. 
LaWrence power on the Eastern New England, Western. New England,. and Mohawk-Hudson 
divisions and tha.t of Niagara power on the Metropolitan division are shown for 1932. 

The cost of delivering power from a superpower system in 1930 if ~II the new power plants 
were of the ste·am-electric type is mentioned in order to justify the construction of both steam
electric and hydro-electric ·plants as propOsed. 

· The figures giv·en for cost of superpower. operation,· including those for 1919, are of course 
hypothetical; the 'figures for independent operation in 1919, where given, represent actual cost .. 

. ;~ ... · .... DEMAND AND ENERGY •. 

Table 51 shows the estimated demand and energy for the superpower system in 1919, 
1925, and 1930. These estimates are based on the rate of growth of the utilities, the industries, 
and the railroads Within the zone. 

The figures in the first two columns in this table show the peak demand for power and the 
energy used during the year 1919 that c.ould have bee'n economically supplied· by a superpower 
systerp.. The figur~s in the second column include, first, the energy actually supplied by electric 
public-utility· companies as reported by them; second, the energy now generated and used by 
isolated plants of .industries that might have obtained it more economically from a superpower 
system, as determined by a m~thod stated in detail in Appendix D (p. 143); ·third, the energy ' 
required for the heavY:-traction load, which ~eludes that of the railroads which can be econom-
ically electrified. . 

The figures showing. the. demand in 1919 were derived from . the load factor of the energy 
actually supplied to the load centers in that year. The industrial and railroad loads that were 
added naturally. tended to raise the load factor, but in order to be conservative tl;te electri~
utility load factor used was that for 1919. 

TABLE 51.-Demand and energy requirements for superpower zone. 

1919 192.') 1930 

.Geo~~phic dhision and lmld center. · Demand Energy D£>mand Energy · Demand Energy 
(thousands (millions of (thousands (millions of (thousands (millions of 

of kilowatt- of kilowatt- of ldlowatt-. 
kilowattsf hours). ·kilowatts). hours). kilowatts). hours). 

Eastern New England: 
Boston. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296._0 1, 069. 7 
LowelL ........ ; ............ ~.·................... 107.6 390.5 

382 o1, 439·. 492 1,886 
. 36 136 45 173 

Newburyport ...................... :· ................................ . 54 203 67 257 
Brockton .................................... -.... · ..................... . 27- 102 41 155 
Providence....................................... 291.0 ·1, 019.8 161 608 246 939 
New Bedford ..... , .......... · .......... __ ............................. . 71 266 108 414 
Worcester ................ ·........................ 148. 1 · 535. 9 . 187 ' 704 244 . 931 

842. 1 3, o_15. 9 1 9181 3,458 1,243 4, 755 

148 
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TABLE 51.-Demand and energy requirements for superpower zone-Contipued. 

1919 1925 1930 

Geographic division and load center. Demand · Energy ·Demand Energy Demand Energy 
(thousands (millions of (thousands (millions of (thousands (millions of 

of kilowatt- of · · kilowatt- of kilowatt-
kilowatts). hqurs). kilmvat~s). hours). kilowatts). hours). 

"115 428 
. 64- 239 

39 144 
44 165 
80 297 

136 507 
35 129 

513 1,909 

Mohawk-Hudson: 

~~~~-~~~~~~--- ~ .-. ·. ~::: :·:::::::::::::::::::::::::::: 2~~: ~ ~~~: ~ 2~~ 973 
383 

Poughkeepsie... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62. 1 262. 5 56 
Port Jervis ................................................... : . . . . . . .. 34 

356 
155 

146 
81 

. 49 
57 

103 
173 

43 

652 

300 
162 

83· 
46 

555 
308 
184 
218 
392 
657 
163 

2,477 

1,263 
680 
374 
209 

l-------l-~----l,-------l-------l-------l------
321. 7 1, 312. _9 415 

Metropolitan: · 
New York......................................... 923.0 3, 595.5 
Paterson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Newark........................................... 513.0 1, 994.5 
New )3runswick ................................................... . 

1,270 
55 

360 
45 

~436.0 5,590.0 . 1,730 

Anthracite: 
Scranton...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
W~lkes-Ba:rre ..... : . .. _. ................... -~ .... :.·.. 346.2 1, 592 .. 9 · 145 
Hazleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 

·Allentown......................................... 150.0 689.4 58 
Pottsville.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157. 2 723. 0 70 

1, 767 

5,066 
219 

1,438 
180 

6,903 

569 
687 
737 
276 
331 

I 

2, 6oo 1 

1-------1-------1--~---1-------

653.4 3,005.3 549 

83 342 
706 2,983 
106 448 
161 681 

46 i96 
291 1,229 
84 .. 354 

1,477 6,233 

5,602 22,870 

591 

1,570 
66 

461 
59 

2,156 

168 
218 
229 

78 
92 

785 

99 
1,040 

144 
219 

65 
336 
92 

1,995 

7,422 

2,526 

6,393 
271 

1,878 
239 

8, 781 

771 
1,000 
1,051 

359 
425 

3,606 

Figure 20.shows the distribution of load in the superpower zone for 1925 and 1930 and is 
comparable to figure 1 (p. 33), showing the distributipn of the electric-utility load in 1919. 

Figure 21 shows the load in 1919 and 1930 for each center compared with that of New 
York, which has been taken at 100 per cent. This chart shows the decentralization that should 
occur between those years through the agency of a superpower system. The electrification 
of heavy-traction railroads and of isolated industrial plants will be effective in relieving the 
congestion of load at the larger centers. For 1919 only 20 _load centers are designated for 
the electric-utility load; for 1925 and 1930 the number of centers is increased to 34. For these 
later years the heavy-traction railroad load is added to that of the electric utilities, thus 
making it desirable and economical to tap the transmission system at a larger number of points. 
IIowever, fron1 the cost of substations given in Appendix H ·it is evident that it will not be 
economical to tap the transmission _system for a load of less than 20,000 kilowatts. 
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MILLIONS OF KILOWATT-HOURS 
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FIGURE 21.-Load at the several load centers in 1919 and 1930, ill percentage of load at New York. This diagram shows decentralization of the load through the relatively large growth of heavy-traction rail
road and industrial loads. The 20 load centers for 1919 have been increasoo to 34 for 193(1. The first. name in each group is the original load center; the others are the additional centers for 1930. The district 
represented by each group is the same for both years. 
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FREQUENCY~ 

The adoption of a: standard frequency for. the entire country would afford unquestional?le 
advantages. ·The two frequencies 60 and 25 cycles have become well establis~ed throughout 
the sup.erpower zone. Table 52 is a summary of the energy generated at different frequencies 
in each geographic division during 1919. 

TABLE 52.-P ercentages of energy generated at different frequencies for e~ectric public utilities in the superpower zone in 1919. 

Geographic division. 
Demand 

(thousands 
cf kilowatts). 

Output 
(rmllions of 
}rilowatt
hours). 

Percentage of output generated at 
differ en t·freq uencies. 

2.5 cycles. 60 cycles. Other fre
quende;;. 

EasternNewEngland ........... : ............. : ........... 572.82 1,772.41 19.8 70.0 10.2 
Western New England ...................... _............. 314. 13 921.99 18.8 73. 3 7. 9 
Mohawk ................................................. 135.-87 438.16 8.4 24.2 67.4 
Metropolitan .............................................. 1,.165.00 3,866·.67 71.6 27.8 .6 
Hudson................................................... 21. 50 60. 48 . 0 98. 1 1. 9 
Anthracite .................................... ;........... 185.08 743. 06 30. 2 ·66. 9 2. 9 
Southern ............. .- ................. , . . . . . . . . . . . . . .. . .. . ·. 660. 69 2, 498. 36 51. L 44. 8 4. 1 

l---------l·---------l-------·l------l·-------
3,055.09 10,301.13 47.0 46.2 6.8 

Table 53 shows the percentages of energy generated at different frequencies in the five 
most densely populated load centers in the superpower zone--Boston,.New York, Philadelphia, 
Baltimore, and Washington--and in the superpower zone exclusive of these five load centers. 

TABT,E 53.-Percentages of energy generated at different frequenCies at five ·principal loq,d centers in superpower zone and 
in the remainaer of the zone . 

. . .. 
Percentage of out!'Jut generated 

Demand Output at different frequencies. 

·(thousands of (millions of 
kilowatt-kilowatts). h.ours). 25 . 60 Other fre-

cycles. cycles. quencies. 

Five principal load centers .......... · ...................... 1,782:76 6,102.54 68; 2 28.0 3.8 
Remainder of superpower zone ............................ 1,~72.33 4,198.59. 16.2 72.7 11.1 

In N f!W. York City 84.6 per cent of the energy is generat~d at 25 cycles, in Baltimore 98.5 
per cent, and in Washington 99 per cent. In all other parts of the superpower zone the principal 
frequency used is ~0 cycles. . . · · 

Table 54 shows the percentages of total capacity ·at different frequencies· 1n the several 
geographic divisions of the superpower zone in 1919: 

TABLE 54.-Percentqges of total capacity at different frequencies of steam-electric and hydroelectric plants generating elec-
. tricity for use by electric public utilities in the superpower zone in 1919. : 

• ·Capacity -~ Percentage of total capacity at 
(thousands of kilowatts). different frequencies. 

Geographic division. 
Steam-:: Hydro-
electric. electric. Total. 

Eastern New England. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8l5. 7 
Western New England................................. 369.4 
Mohawk ........ ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58. 3 

96.0 911. 7 
111.5 481.0 
116.2 174. 4. 

Metropolitan~ ............ ~ ...................... ·....... 1, 629. 8 8; 7 .1,_638. 5 
!Iudson............................................... 26. 8 
Anthracite ......... ~.................................. 217. 8 

8.7 35.5 
5. 1 222.9 

Southern ..... ~........................................ .882. 4 105.3 987.7 

-

25 
cycles. 

21.8 
15. 1 
10.6 
70. 1 

0 
25.4 
53. 7 

60 Other !re-
cycles. qucncies. 

67.7 10.5 
77.3 7.6 
29. 1 60.3 
27.9 2.0 
97.2 2.8 
68.5 6. 1 
40. 7 5.6 

)-4-,-oo_o ___ 2_, ______ ,. _______ , ______ ,_~~---~------
·451. 5 4,451. 7 45.5 46.8 7.7 
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Of the power-plant capacity in. the zone 89.9 per. cent ·is steafu-electric and 10.1 per cent is 
hydroelectric . 

. . The electric street railways are by far the principal users of 25-:cycle energy, because 25-cycle 
rotary. converters- were. developed .befor.e the W3e· of 6Q-cycle.oonverters became prayticable. 

Figure 22 shows the nmnber of sales and the trend of sales of generating equipment in the. 
superpower zone between 1914 and 1919 f_or the two frequencies mentione~. Similarly figure 
23 shows the electric::.utility· output at the two" frequencies foi; 1910. to 1919, inclusive. This 
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fig~e indicates , a decided trend .toward 60 
, ~ycles, both .in generator sal_es and .in electric-. 

utility output. 
The generator; . rnotor equipment, _ and 

·transformers for a 60-cycle installation· cost, , 
respectively, about 10, 25, and 3.5 per cent less, 
than those for a . 25-cycle installation. A 
300,000-kilowatt ~.plant empioying 60 'cycles 
rather than 25 cycles would save·in its genera
tor equip_ment and ~n n;i_Otors and· transformers 
connected to -its distribution· system about 
$7,000,000. In~an~escent lamps furnished with 
60-:cycle·energy are free from the :flickeriri.g that 
i::; incident to low.et frequencies. On the other 

· hand, for a steel min,: where slow-speed motors 
are used, and for street _railways,_ where ·the 
e~ergy 1s ·converted into direct current, th~ 
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FIGURE 22.-Salcs or 25-cycle and 60-cycle generators in the superpower FIGURE 23.-0utput or electric utilities in the superpower zone, 1910-
zone, 1914-1919. 1919. 

lower frequency can still be used with advantage ·where a large inv~stment has already been 
1nade in equipment. Although 25 cycles has been the frequency used for two of the· largest 
railroad electrifications in the zone it is evident that the trend·is toward ·60 cycles a:ndthat this· 
frequency will eventually predominate. These two frequencies will be· interconnected by 
means of frequency changers as rapidly as economic conditions justify their use. · 

For long-distance transmission there is a limit beyond which 60 cycles can not be used. 
A 60-cycle 220,000-volt line can be operated practically to a distance of 350 miles; lower fre-
quencies may be necessary on longer lines. · 

It is clear that the superpower _zone will eventually have an extensive network pf inter
connected transmission lines, and in orde_r that this network 1nay be established and operate.d 
at the least expense it is necessary to fix· a standard frequency. ·The evidence assembled shows 
that this frequency should be 60 cy~les. 
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ESTIMATED LOAD GROWTH. 

Figure 24 shows graphically the past and estimated future load growth for the superpower 
zone for energy supplied to street railroads, electrified heavy-traction railroads, industries, and 
domestic consumers. This figure differs from Plate IV, in Appendix B, by the inclusion of the 
heavy-traction railroad load. 

EFFECT OF DIVERSITY AND LOAD FACTOR. 

Investigation was made of the diversity existing on November 25, 1919, the day of apparent 
maximum load for the superpower zone. Seasonal diversity, which is greater than daily 
diversity, was not taken into account. . 

There are three distinct diversities in the superpower zone-local diversity, or that which 
exists between the sum of the peaks of the individual electric public-utility companies as now 
operated and the peak that would be reached if they were interconnected at their respective 
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load centers; regional diversity, or that 
which exists between the sum of the peaks 
of the individual load centers and the peak 
that would be- reached in the entire super
power system if these load centers were inter
connected; and total diversity, or that which 
exists between the sum of' the peaks of the 
individual public-utility companies as now 
operated and the peak that would be reached 
in the superpower system if there were com
plete interconnection th.Foughout the super
power zone. 

The local diversity ranges from zero at 
Baltimore and Pottsville to 14.4 per cent at 

o the New York load center. The com para-
<'} 

~ tively high local diversity shown for New 
FIGURE 24.-Past and estimated future growth in' load for superpower york on November 25 suggested the further 

zone, 1910-1930. 
investigation of this load center, where ex-

ceptional conditions exist. The following table shows the diversity that existed among the 
four largest utility companies in New York City on seven days in 1919 and three days in '1920: 

'f·ABLE 55.-Diversity among.four u.t1:1ity companies in Neiv York on certain days. 

·Date. 

July 22, 1919 ....................... : ................................ . 
July 23, 1919 ........................................................ . 
July 24, 1919 ........................................................ . 
Nov. 25, .1919 ........................................................ . 
Dec. 16, 1919 ........................................................ . 
Dec. 17, 1919 ......................................................... . 
Dec. 18, 1919 ................................ : ...... ~ ................ . 
Dec. 14, 1920 ... ~ .................................................. · .. . 
Dec. 15, 19,20 ....................................................... ~. 
Dec. 16, 1920 ............... _ .. : ............................ _ ......... __ 

Total of 
nonco- Coincident 

incideJ?-t peak loads 
peak I oads (thousands 
(thousands of kilo-

Time of 
coincident 

peaks. 
of kilo- watts). 
watts). 

563.0 
569.0 
529.8 
779.4 
745.5 
763.6 
783.4 
788.3 
800.9 
821.9 

511.1 9 a.m .... . 
523. 0 .... do .... .. 
508. 6 .... do ..... . 
695. 0 5 p. m .... . 
688.5 .... do ..... . 
725.1 .... do .... .. 
741.0 .... do .... .. 
728.1 .... do ..... . 
739.4 .... do .... .. 
779. 8 .... do ..... . 

Diversity 
factor. 

1. 10 
1.09 
1.04 
1. 12 
1.08 
1.05 
1.06 
1.08 
1.08 
l. 05 
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At certain load centers a large part of the local diversity has been absorbed through inter
connection. Utilization of local diversity is not necessarily an attribute of the superpower 
system. It can· be accomplished, as now, by the interconnectio:r;J. of the present electric-utility 
plants. 

Regional diversity as. applied to the superpower zone is in general so small as to be of 
theoretical rather than practical value. Partial regional diversity between the Anthracite 

. division and the :Metropolitan and Southern divisions is very marked and will become particu
larly evident with the growth of the Anthracite load by 1925 and 1930. In the Anthracite 
division the peak is controlled by the mining industry and occurs in the morning; there is a 
rapid falling off in load after 3 p. m .. A combination of this load with the loads of the Metro
politan and Southern divisions will produce a great saving in power-plant cost over and above 
the cost of the transmission system necessary to effect the interconnection. 

Table 56 shows the local diversity at each load center, the regional diversity between load 
centers, and the total diversity in 1919 . 

. TABLE 56.-Diversity in superpower zone, 1919. 

Geographic division and load center. 

Eastern New England: 
13oston •.............................. 
LO\VOll ............................... 
Providence ........................... 
.Wot·cester ................. · ............. 

Western New England: 
Hartford ........... · ................... 
New Haven .. : ......................... 
Northampton .......................... 

Mohawk: 
Utica ............. -.................... 
Albany ................................ 

Metr~~~i~~-~ ............................ 
Ne,vark ............................... 

Hudson: 
Poughkeepsie ......................... 

Anthracite: . 
Pottsville .............. · ................ 
Allentown ............................. 
Wilkes-Barre ........................... 

Southern: 
'frenton ................................. 
Harris bur~ ............................ 
Philadelp ia .......................... 
Baltimore ............................. 
Washing~on ............................ 

Superpower zone ..................... 

Noncoincident Pe~~~;r1frd o 

pe~~ loads of utility plants 
utll.Ity com- had been 
parues (th!>u- interconnected 
sands of kil6- (thousands of 

watts). kilowatts). 

A B 

208.48 190.64 
34.53 32.27 

132. 10 121.07 
91.25 85.51 

52.38 49.93 
105.96 98.85 
66.22 66.04 

22.83 22.34 
87. 70 85.20 

863. 78 755.25 
155. 18 154.03 

11.96 11.50 

8.00 8.00 
96.35 95. 26 
50.01 45. 85 

5. 15 4.90 
51. 84 51.03 

297.24 286. 72 
118: 78 118. 78 
55.20 54. 22 

2,514.94 2,337. 39 

Local diver
sity fact9r. 

c 

1.09 
1.07 
1.09 
1.07 

1.05 
1.07 
1.00 

1.02 
1.03 

1.14 
.• 1.01 

1.04 

1.00 
1.01 
1.09 

1.05 
1.02 
1.04 
1.00 
1.02 

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

Demand at 
load centers 
at time of 
superpower-

zon{) peak 
(thousands of 

kilowatts). 

D 

190.64 
24. 76 

121.07 
85.51 

49.93 
98.85 
66.04 

19.76 
85.20 

755.25 
154.03 

10.37 

6.75 
73.90 
44. 89 

3.99 
51.03 

286.72 
118. 10 
52.96 

2,299.75 

Regional 
diversity 

factor. 

E 

1. 02 

Total 
diversity 

factor. 

F 

1.09 

In this report diversity has bee~1 used only as an aid to determine the capacity that would 
have been required for a superpower system in 1919. The estimated capacity required for 1925 
and 1930 is arrived at through a study of the trend of load factor for each of the individual 
load centers. 
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Figure 25 shows the trend of loa~ factor in each geographic division of th~ superpower 
zone during the period 1910 to 1919, inclusive. The curve for .the zone .as a whole is extended 
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. to. indicate estimat~~ load factor on _utiiity 
systems in 1930 (curve B). The steady im
ptovement in load factor shown by these curves 

A is due to three causes~interconnection of utility 
plants, increase. of off-peak load, and growth of 

B industrial demand. . The greatest improvement 
in load factor is realized where the ratio of 

_ industrial load to lighting load is high. Where 
the industrial load is small compared with the 
lighting load, as inN ew York City, there is little 
opportunity for improve!fient in load factor. 

The effect of the war in increasing the load 
factor in 1917 and 1918 by introducing overtime 
and night work in many of the industries is very 

·apparent. In extending the curves to indicate 
_future improvement in load factor this abnor
mal increase has been discounted. 

Curve A in this figure shows the load fac
-- tor assumed for superpower operation. This 

curve is· determined by adding the heavy
traction railroad load to that of the street rail
roads and electric utilities, represented by curve 

1910 
" 1z 1914 1916 1918 19zo 19zz 1924 1926 1928 1930 

B. With the expected growth of industrial and 
h.eavy-traction loads it would seem that the 

FIGURE 2.1.-Tiend ofload factor for superpower zone. A, Load factor 
inclusive of electrified heavy-traction railroads; B, load factor for estimated load factor of 47 per cent fot the· en-
electric utilities and street railroads. tire superpower zone in 1930 is conservative. 

PHYSICAL DATA. 

PRODUCTION FACILITIES. 

Table 60, giving the total power-plant capacity and output for the superpower system for 
1919, 1925, and 1930, shows the following division of this capacity and output between steam
electric pl~;tnts and hydroelectric plants: 

TABLE 57.-9apadty and output of steam-electric and hydroelectric plants, 1919, 1925, and 1930, in percentages. 

Steam-electric. Hydroelectric. 

Year 
Capacity. Output. Capacity. Output. 

1919 ....... --.--- ... - .... - ...... · ... - ... --- ... -- ... ----.--.--.- -·---.-.----- 81.8 78.2 18.2 21.8 
1925 ........ ---.- .. ---- .............. -- .... - ...... -- ... --.-.--- ... --.--.- 83.5 81.5 16.5 18.5 
1930 ....... - ... - ..... - .. -..... - .................................. -- .... -- 81.5 79.2 18.5 20.8 

The division of capacity and output between new power plants and present power plants 
·retained for the superpower system is as follows: 
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TABLE 58.-Capacity and output of new and retained plants, in percentages. 

New plants. Existing pl~ts retained. 

Year. 

1919 ................................................. . 
1925 ................................................. . 
1930 ................................................. . 

Capacity. 

44.8 
49.8 
61.4 

Output. 

69.0 
74.0 
82.1 

Annual . 
capacity 
factor. 

63.0 
64.6 
60.3 

Capacity. 

55.2 
50.2 
38.6 

Output. 

31.0 
26.0 
17.9 

Annual 
capacity 
factor. 

22.7 
22.8 
20.2 

The higher efficiency under the superpower system is largely attained by operating the ne~ 
power plants at high annual capacity factors and by using the older plants to carry peak load 
at low annual capacity factors. 

TABLE 59.-Weighted average capacity of the power plants of the superpower system, in kilowatts. 

1925 1930 

2,860 2,860 
44,600 44,600 

Hydroelectric plants re1Jl,ined ........ , ................. · .................................... . 
Steam-electric plants retained ................................................................ . 

Weighted average of old plants retained, ............................................... . 14,300 14,300 

New hydroelectric plants .................................................................... . 36, 100 30,000 
New steam-electric plants .................................................................. .. 180,000 218,000 

Weighted average of new plants ....................................................... .. 103,200 94,000 

Weighted average of all plants ..... : ........................................................ . 25,100 29,900 

The average capacity of the steam-electric plants in operation in the electric utilities in 
1919 was 10;000 kilowatts, and the average capacity of the steam-electric plants retained ·is 
44,600 kilowatts, a gain made by eliminating the smaller and less efficient plants. The program 
of construction for new steam-electric plants shows an average capacity of ·plftnt in 1930 of 
more than twenty times that of the s.team-electric plants serving electric public utilities in 1919. 

TABLE 60.-Power-plant capacity for the superpower system, 1919, 1925, and 1930. 

Geographic division. 

Plant Peak Plant 
capacit.y demand reserve 

(thousands (thousands (thousands 
of kilo- of kilo- or kilo-
watts). · watts). watts). 

Out:put Capac- , 
(milhons ity 
of kilo- factor 
watt- (per 

hours). cent). 

1919. 
Eastern New England: 

Present steam-electric plants ................................... . 
New steam-electric plants ........................ ' ............ . 

514. 6 .. .. .. .. . . .. .. .. .. 516. 0 11. 5 
360.0 .................. 2, 366.0 75.0 

874.6 .................. 2, 882.0 37.6 

Present hydroelectric plants................................... 96.0 . . .. . . .. . .. .. .. .. . 269.0 32.0 
·New l1ydroelectric plants .............................................................................. _. 

96.0 269.0 32.0 

All plants ................ - ....................... _ ........ · . . 970. 6 842. 7 127.8 3,151.0 37.0 
1======1======1======~=====1==== 

Western New England: · 
Present steam-electric plants................................... 171.8 . . . . .. .. . . .. .. . . .. 77.0 5.1 
New steam-electric plants... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270. 0 . . . . . . . . . . . . . . . . . . 1, 091. 0 46. 0 

Present hydroelectric plants .................................... . 
New hydroelectric· plants ................................. · .... . 

All plants ....................................... : .......... . 

~~-----r--------1--------r-~----.~---
441.8 

111.5 
50.0 

161. 5 

603.3 ,468. 4 134. 6 

1,168.0 30.~ 

340.0 
230.0 

570.0 

1, 738.0 

34.8 
52.5 

40.3 

32.9 
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TABLE 60.-Power-plant capacity for the superpower system, 1919, 1925, and 1930-Continued. 

Geographic division. 

·1919-Continued. 
Mohawk-Hudson: 

Present·steam-electric plants ............................. .' ..... . 
New steam-electric plants .......................... ~ ......... . 

Present hydroelectric plants .................................. . 
New hydroelectric plants ..................................... . 

Plant Peak Plant 
capacity demand reserve 

(thousands (thousands (thousands 
of kilo- of kilo- of kilo-
watts). watts). watts). 

45.7 ................. . 
180.0 .............. · ... . 

225.7 i· ................ . 

124.91- ................ . 
100.0 ................. . 

224.9 

Output 
(millions 
of kilo
watt

hours). 

20.0 
605.0 

625. o· 

361.0 
380.0 

741.0 

450.6 321.7 129. 3· 1, 366. 0 

Capac
ity 

factor 
(per 

cent). 

5.0 
38.3 

-31.6 

32.9 
43.3 

37.6 

34.5 All plants ......... -~ ...... : . ............... ~ ............... . 
1=======1======1======1=======1====== 

Metropolitan: 
Present steam-electric plants................................... 1, 130. 5 . . . . . . . . . . . . . . . . . . 2, 960. 0 
New steam-electric plants ..................................... a 240.0 .................. b2,088. 0 

30.0 

Present hydroelectric plants .................................... . 
New hydroelectric plants ......... · ............................ . 

1,370.5 

8.7 
183.0 

191. 7 

All plants ............................................ :...... 1, 562. 2 1, 436. 0 

Anthracite: 

_. 

5,048.0 

22.0 
850.0 

872.0 

5,920.0 

51.3 

33.5 

28.8 
53.0 

52.0 

35.8 

Present steam-electric plants.................................... 159. 5 . . . . . . . . . . . . . . . . . . 537. 0 38. 4 
New steam-electric plants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . d 450. 0 .................. ei,950. 0 75. 0 

609. 5 . . . . . . . . . . . . . . . . . . 2, 487. 0 65. 5 

Present hydroelectric plants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 1 . . . . . . . . . . . . . . . . . . 16. 0 35. 9 
New hydroel~ctric plants ............................................................. : ................. . 

5. 1 

All plants .................................................. . 614.6 653.4 

Southern: 
Present steam-electric plants .................•.......... ___ ... __ 654.5 ................ 
New steam-e]ectric plants ....................... _ .... _ .... ___ _ 450.0 ................ 

1,104.5 ................... 

Present hydroelectric plants ................................. __ 105.3 .................. 
New hydroelectric plants .................................. ___ _ 245.0 .............. 

350.3 ................ 

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

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

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

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

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

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

16.0 35.9 

2, 503. 0 65. 3 

579.0 
2,923.0 

3,502.0 

542.0 
1,434.0 

1,976.0 

"10.1 
74.2 

36.2 

58.8 
66.8 

64.3 

5, 478. 0 42. 9 All plants ..................... · ........ ~ ........ ~. . . . . . . . . . . . 1, 454. 8 1, 131. 8 
1=======1======1======1========1====== 

Superpower zone: 
Present steam-electric plants.................................... 2, 676. 6 . . . . . . . . . . . . . . . . . . 4, 689. 0 20. 0 
New steam-electric plants ..................................... 1, 950.0 ..... _ ............ ll, 023. 0 64. 5 

4, 626. 6 .... - . - - - - - ... - - - - 15, 712. 0 38. 8 

Present hydroelectric plants .................................. . 
New hydroelectric plants .................................... __ 

451.5 
578.0 

1,029.5 

All plants ................................... :............... 5, 656. 1 4, 854. 0 

1, 550.0 
2,894.0 

4,444.0 

39.2 
57.0 

49.3 

802. 5 20, 156. 0 40. 5 
'======='======'========'============= 

a Does not include the portion of the Pittston plant capacity chargeable to the Metropolitan division. 
b Includes a portion of the output from the Pittston plant. 
cJoint reservefor Metropolitan, Anthracite, and Southern divisions, 1919, is 410,800 kilowatts. 
a Includes the total Pittston plant capacity.' 
e Is not the total output of the Pittston plant. 

• 
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TABLE 60.-Power-plant capacity for the superpower system, 1919, 1925, and 1980-Continued. 

Geographic division. 

1919-Continued. 

Superpower zone-Continued. . . . 
Pt·esent planta.retained ...... · ............. · ......................... . 
New plants proposed .................... ~ ..................... . 
Steam:electric ................................ per cent of total. . 
Hydroelectric; .......................... 

1 
•••••••••••••••• do ... . 

1925. 
Eastern New England: , 

Present steam-electric plants ................................... . 
New steam-electric plants ..................... .' .............. . 

Plant Peak Plant 
capa_ci.ty demand reserve 

(thousands (thoilsancts (thousands 
or kilo- or kilo- of kilo-
watts). watts). watts). 

Output 
(millions 
or kilo
watt

hours). 

3, 128. 1 . . . . . . . . . . . . . . . . . . 6, 239. 0 
2, 528. 0 .................. 13, .917. 0 

81. 8 . . . . . . . . . . . . . . . . . . 78. 2 
18. 2 . . . . . . . . . . . . . . . . . . 21. 8 

Capac
ity 

factor 
(per 

cent). 

22. 7 
62.9 

1=======1======1======1========1====== 

. 514.6 
450.0 

964.6 

516.0 
2,811.0 

3,327.0 

"11. 5 
. 71. 2 

39.4 

Presen~ hydroelectric plants................................... . 96.0 .... " ..... :. . . . . . . 269.0 "32. 0 
Ne\v hydroelectric plants .................................................... -· ...................... ." ... . 

96.0 269.0 32.0 

918.0 . 14~5 3,59&0 3&7 AU plants.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 060. 6 
1=======1======1======1========1===== 

Western New England: 
. Present steam-electric plants ........ .- ........................... . 

New steam-electric plants .................................... . 
171. 8. 
~00.0 

77.0 
1,223.0 

. 5.1 
"46. 5 

Present hydroelectric plants ................................... . 
New hydroelectric plants ..................................... . 

All plants ............................ ~ ........... ~ ......... . 

Mohawk-Hudson: . . . . .... . 
Present steam-electric plants .............................. " .... . 
New steam-electric.plants ................................ : . ... . 

471.8 

111.5 
50.0 

161.5 

633.3 513.0 

1,300.0 

340.0 
230.0 

570.0 

31.4 

"34. 8 
."52. 5 

40.3 

120. 0 1, 870. 0. 33. 7 
1========1=======1=======1========'1====== 

45. 7 . . . . . . . . . . . . . . . . . . 20. 6 5. 0 
240. 0 ................. · . .1, 039. 0 49. 5 

285. 7 . . . . . . . . . . . . . . . . . . 1, 059. 0 49."5 

Present hydroelectric plants................................... 124. 9 ............ , . . . . . 361.0 32. 9 
New hydroelectric.plants ...................... : ._............... 100.0 .. . . . . . . . . . . . . . . . . 380.0 43.'3 

1---~--l-------1-------l-------1----

224. 9 . . . . . . . .. . . . . . . . . . 741.0 37. 6 

All plants .................................................. . 510.6 415.0 96. 0 1, 800. 0 40. 2 

Metropolitan: 
Present steam-electric plants.................................... 1, 130. 5 . . . . . . . . . . . . . . . . . . 2, 960. 0 30. 0 
New steam~electric plants..................................... a 390.0 .................. b 3,508. 0 67.0 

Present hydroelectric plants .......................... ~ ....... . 
New hydroelectric plants ..................................... . 

Anthracite: . 

~,520.5 

8. 7 
183.0 

191. 7 

1, 712. 2 ~~ .730. 0 . (C). 

6, 468.0. 

22.0 
850.0 

872.0 

39.4 

2s:·8 
53.0 

52.0 

7,340.0 '40.8 

Presentsteam-electl'icplants.................................... 159.5 ......... ......... 537.0 38.4 
New steam-electric plants.: .............. ~...................... d 450. 0 ..... · ............• e1, 735.0 75. 0 

609.5 ........ -I- ..... .-.. 2, 272.0 65.5 

a Docs not include the portion of the Pittston plant capacity chargeable to the "Metropolitan division. 
b Includes a portion o.r the output from tho Pittston plailt. 
c Joint reserve for l\Ictropolitan, Anthracite, and Southern diVisions, 1925, is 255,000 kilowatts. 
d Includes tho total-Pittston plant capacity. 
e Js not tho total output of tlio Pittston plant. 

63361°-21--11 
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TABLE 60.-Power-plant capacity for the superpower system, 1919, 1925, and 1980-Continued. 

Geographic division. 

1925-Continued. 
Anthracite-Continued. 

Plant Peak Plant 
capacity demand reserve 

(thousands (thousands (thousands 
of kilo- of kilo- of kilo-
watts). watts). watts). 

Out;{lut 
(milhons 
of kilo
watt

hours). 

Capac
ity 

factor 
(per 

cent). 

Present hydroelectric plants..................................... 5. 1 .... · .. .".. .. .. . .. .. 16. 0 35. 9 
New hydroelectric plants ... · ............................................................................. . 

All plants ................. · ................................. . 

Southern: 
Present steam-electric plants ................................... . 
New steam-electric plants ...................................... . 

Present hydroelectric plants .................................... . 
New hydroelectric plants ...................... ;_. ............. . 

5.1 35.9 

614.6 549.0 2, 288. 0 65. 3 
1=======1======1=======1=======1=== 

654.5 ·-······· 
690.0 ........... 

1, 344.5 ........... 

105.3 ............. 
245.0 ............... 

350.0 ................ 

........... 

........... 

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

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

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

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

579.0 
4,365.0 

4, 944.0 

542.0 
1,434.0 

1, 976.0 

10.1 
72.2 

42.0 

58.8 
66.8 

64.3 

All plants ........ ___ ................ · ........................ 1, 694.8 1, 477.0 6, 920. 0 46. 7 

Superpower zone: 
Present steam-electric plants.................................... 2, 676. 6 . . .. . .. .. . .. .. . . . . 4, 689. 0 20. 0 
New steam-electric plants ................ · .................... , ... 2, 520.0 .................. 14, 681.0 66.4 

Present hydroelectric plants .................................... . 
New hydroelectric plants .......... · ............................ . 

5, 196. 6 .................. 19, 370. 0 42. 5 

451.. 5 
578.0 

1,029.5 

1, 550.0 
2,894.0 

4,444.0 

39.2 
57.0 

49.3 

All plants ...................... i ............................. 6, 226.1 5, 602.0 624. 5 23, 814. 0 43. 7 

Present plants retained ............................................. 3, 128.1 .................. 6, 239.0 22.8 
New plants proposed ............................................... 3, 098.0 .................. 17,575.0 64.6 
Steam-electric .................................... per cent of totaL. 83.5 . . . .. .. . . . .. .. . . . . 81.5 
Hydroelectric ............................................... do.... 16.5 .. .. . .. .. .. .. . .. .. 18.5 

1930. 
Eastern New England: 

Present steam-electric plants .............. ~ .. " ................. . 
New steam-electric plants ............................... · ..... . 

514.6 ............ ········· 528.0 11.7 
810.0 .............. ............. 4, 148.0 58.3 

1, 324.6 ............. ............. 4, 676.0 40.3 

Present hydroelectric plants..................................... 96.0 .. .. . .. .. .. .. .. .. . 269.0 32.0 
New hydroelectric plants ................ ~ ..................... , ........................................ . 

1----1----1·-----1--------
96.0 269. 0 32.0 

1----1---~-1-------------
All plants ... : ......................................... ~.. . . . 1, 420. 6 124. 3 

1=======1======1=======1=======:1==== 
177.5 4, 945.0 39.6 

Western New England: 
Present steam-electric plants ................................... . 
New steam-electric plants ...................................... . 

Present hydroelectric plants .................................... . 
New hydroelectric plants ............ : ........................ . 

AU plants ............. ~ ................................. · ... . 

171.8 
390.0 

561.8 

111..5 
165.0 

276.5 

838.3 652.0 186.0 

. . 77.0 
1,237.0 

1,314.0 

340.0 
760.0 

1,100.0 

2,414.0 

5.1 
36.2 

26.7 

34.8 
52.5 

45.3 

32.8 
Mohawk-Hudson: l========l=========l========l=======l===== 

Present steam-electric plants ................................... . 
New steam-electric plants ...................................... . 

45.7 ...... ... ...... ... 20.0 5.0 
360. 0 . .. .. .. .. .. .. . .. .. 1, 312. 0 41. 5 

-------
405.7 ............... ~ .. 1,332.0 37.4 

a Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1925, is 265,000 kilowatts. 
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TABLE 60.-Power-plant capacity for the superpower system, 1919, 1925, and 1930-Continued. 

Geographic, djvis~on:. 

Plant Peak Plant . Out:put : Capac-
capacity demand· reserve · (milhons · · ity · 

(thousands (thousands (thousands of kilo-· factor 
of kilo- ' · of kilo- · of kilo- watt- · (per 
wa~ts). . wa.tts). . . watts). . hours).. .~e~p. 

1930-;;--Continued. ~·: , I I : 

Mohawk-Hudson-Continued. ·' 
Present hydroelectric plants ..................................... . 
New hydroelectric plants ........................... " ........ .. 

124.9 ................. . 
150.0 ·· ... . : ............ . 

341.0 31.1 
900. b 68.3 

274.9 1, 241.0 51. 7 

All plants... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 680. 6. 591. 0 90. 6 2, 573. 0 43. 0 
I=======I======I======I=======F==== 

Metropolitan: · 
Present steam-electric plants.................................... 1, 130. 5 
New steam-electric plants....................................... a750. 0 

.................. 2,276.0 ~ 

.................. b 5, 812. o 1 67: s 

Present hydroelectric plants .................................... . 
New hydroelectric plants .................................... .. 

1, 880.5 

8. 7 
350.0 

358.7 

. .. . . . .. . . . . . . . .. . 8, 088. 0 40. 7 

22.0 
1,240.0 

1,262.0 

28.8 
40.5 

40.2 

9, 350. 0 .40. 6 All plants................................................... 2, 239. 2 2, 156.0 
1=======1======1======1======1==== 

Anthracite: 
Present steam-electric plants.................................... 159. 5 .. . .. .. . . . .. .. . . . . 537; 0 51. 0 
New steam-electric plants .............................. :........ a 600.0 .................. a2, 571.0 75.0 

759.5 .................. 3, 108.0 67:3 

Present hydroe-ectric plants ....... :..... . . . . ... . . . . . . . . . . . . . . . . . . 5. 1 . . . . . . . . . . . . . . . . . . 16. 0 35. 9 
New hydroelectric plants ............................ · ................................................... ~ 

5.1 16.0 35.9 
.. 

All plants ................................................... . 764.6 785.0 3,124.0 67.1 
l=======l======lc=====l======l==== 

Southern: , 
Present steam-electric plants.................. . . . . . . . . . . . . . . . . . . . 654. 5 . . . . . . . . . . . . . . . . . . 579. 0 ·10. 1 
New steam-electric plants....................................... 1, 020. 0 . . . . . . . . . . . . . . . . . . 6, 219. 0 69. 5 

1-------1·-------1--------1-------11--~ 

Present hydroelectri~ plants .................... ~ ............... . 
New hydroelectric plants ........................................ . 

1, 674. 5 . . . . . . . . . . . . . . . . . . 6, 798. 0 46. 2 

105.3 
385.0 

490.3 

542.0 
2,180.0 

2, 722.0 

58.8 
64.5 

63.4 

9, 520. 0 50. 0 All plants ................. ~................................. 2, 164. 8 1, 995. 0 (c) 
1======1========1========1:=======1=== 

Superpower :r.one: 
Presentsteam-electricplants .................................... 2,676.6 .................. 4,017.0 17.1 
New steam-electric plants ....................................... 3, 930.0 .................. 21, 299.0 61.8 

6, 606. 0 .................. 25, 316. 0 I 43. 7 

Present hydroelectric plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451. 5 . . . . . . . . . . . . . . . . . . 1, 530. 0 38. 6 
New hydroelectric plants ...................................... 1,.050. 0 .................. 5, 080.0 55.2 

1-------1--------1--------l-------1-----
1, 501. 5 - ......... - . . . . . . . 6, 610. 0 50. 3 

676. 5 31, 926. 0 45. 0 All plants................................................... 8, 108.1 7, 422. 0 
1=====1========1======1:=======1=== 

Present plans retained .............................................. 3, 128.1 .................. 5. 547.0 20.2 
New plants proposed ................... : ............ ; .............. 4, 980.0 .................. 26; 379.0 60.3 
Steam-electric .................................... per cent of total. . 81. 5 . . . . . . . . . . . . . . . . . . 79. 2 
Hydroelectric ............................................... do.... 18. 5o . .. .. .. .. . .. .. . .. . 20.8 

a Docs not include the portion of tho Pittston pla.nt capacity chargeable to the Metropolitan division. 
11Includes a portion or the output from the Pittston plant. 
cJolnt rcservofor Metropolitan, Anthracite, and Southern divisions 1930. is 233,000 kilowatts. 
a Includes tho total Pittston plant capacity. 
e Is not tho total output of the Pittston plant. 
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TRANSMISSION LINES .. 

-·Table ·61 gives the riiile~ge 'o{.the transmission lines required for the superpower system 
for 1.919, 1925, and i930 . 

. Plat~s II and III (p. 14) s,how the proposed transmission lines for 1925 and 1930, 
respectively, and Plate III shows in addition proposed lines from the St. Lawrence and .Niagara 
for 1932. These plates also show the approximate location for proposed new steam-electric 
and hydroelectric plants. " . 

Reliable service is insured by the interconnecting network, as each principal load center 
is served by eight incoming lines, four from each direction, and a few favorably lncated·1oad 
centers h~ve ev:en~ more. 

TAB~E 61.-frr;t-nsmission linetljor superpower zone in 1919, 19f!5, and 1980, in miles. 

220,000-volt. llO,OOQ-volt. 

Year and geographic division. 
Route.· Tower. Cm·wt. Route.· ·Tower. Circuit. 

1919. 
Eastern New England ................................. 0 0 0 1'. 207 207 414 
Western New England ................................. 0 0 0 264 415 630 
Mohawk-Hudson ................... _. ................... 0 0 0 237 317 634 
Metropolitan ........................................... 102 204 408 283 393 786 
Anthracite ............................................ 35 70 .. 70 .. 59 111 222 
Southern ......................... ~ .................... 123 246 492 314 463 926 

Superp<;>wer zone ............................... : . 260 520 970' 1,364 1,806 3,612 

1925. 
Eastern New England ..... · .......................... ~ .. 0 0 0 262 262 524 
Western New England ................................. 0 0 0 264 315 630 
Mohawk-Hudson ....................................... 0 0 0 237 317 634 
Metropolitan ........................................... 102 204 4.08 283 393 786 
Anthracite ............................................ 35 70 70 70 133 266 
Southern ...... · ............... · ......................... 123 246 4:92 314 463 926 

Superpower zone ................................. 260 520 -970- .. -1,-430 .. 1,883 3, 766 

1930. 
Eastern New England ................................. 0 0 0 262 262 524 
Western New England ................................. 0 0 0 421 601 1,202 
Mohawk-Hudson ....................................... 0 0 0 262 418 836 
Metropolitan ..................... -............ -' ........ 102 204 408 302 444 888 
A.nthracite ...................... -................... - .. 35 70 70 70 140 280 
Southern. _. ............................................ 123 246 492 334 483 966 

Superpower zone ................................. 260 I 520 970 1,651 2,348 4,696 
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SUBSTATIONS. 

In Table 62 the transformer capacity does not include that installed in b_ase-load steam
electric plants, and the synchronous-condenser capacity does not include the condenser effect 
of generators used as such, or of motor generator sets in the heavy-traction railroad substations. 

TAm,E 62.-Sttbstation capacity for the superpower system in 1919: 1925, and 1930, in thousands of kilovolt-amperes. 

Geographic division. 

1919. 

~~:1i ~~!~~~~-~-~ ·~: ~::::::::: :: : : : : :. : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : 
Metropolitan ........................................................... . 
Anthracite ......................................... 0 

•••••••••••••••••••••• 

Southern ................................................................ . 

1925. 
Eastern New England ......... , ......................................... . 

~;i~~~k-~~d~~)~~-~~~~~~: ~ ~:: ~ ~:: ~:::::::::::::::::::::::::::::::::::::: ~: :· 
~~~h~·~~n!~~ .-. ·. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~ : : : ~ : : : : : : 
Southern ................................................................ . 

1930. . 

Transformers. 

2?.0,000-
volt 

primary. 

0 
0 
0 

800 
125 
200 

110,000· 
volt 

primary. 

325 
125 
300 
483 
425 
495 

Synchro
nous con
densers. 

150 
105 
45 

135 
90 

165 
-----

1,125 

0 
0 
0 

850 
50 

300 

2,153 

475 
375 
350 
633 
500 
595 

690 

150 
105 
45 

135 
90 

165 

Frequency 
changers. 

0 
0 

30 
0 
0 
0 

---
30 

0 
0 

30 
0 
0 
0 

------------1----
1,200 2,928 690 30 

0 550 180 0 
135 0 

60 60 

Eastern New England ................................. - .. - ..... - ... - ..... . 

:;h~~~k-f.r~;d~~::~~~~~~::::::::::::::::::::::::::: ~:::::::: ~::: ~::::::::::: ; 0 590 
0 475 

180 0 
150 0 

l\fetropolitan ............................ _ ............................. __ _ 
Antfiracite .............................................................. . 

1,050 935 
75 675 

Southern ................................................................ . 325 935 195 0 

Supet·power zone ................. : ........... ; · .. · ... ·;. ·. · · · · · ·.- 1,450 4,160 900 ·60 

FUEL REQUIREMENT. 

Table 65 gives the fuel requirement for the superpower system for 1919, 1925, and 1930 . 
. The estimated ,fuel saving by the superpower system to the electric public utilities is as 
follows: 

TABLE 63.-Fuelsaving by superpower system to electric public utilities. 

0 1919 !~25 1930 ·-

Coal that. would be required at' 1919 fuel rate for electric power produced by 
steam .......... , ................................ · ........... short tons .. 24,600,000 29,600,000 39,700,000 

Coal required for superpower operation ................... :. ~ ......... do ..... 14,103,000 16,591,000 20,551,000 

·Annual saving by superpower operation.· ..................... _ . do .... 10,497,000 13,001.000 19,149,000 
Average cost per ton of coal !felivered to superpower system ............ _ ..... $4.37 $5.25 $5.25 
Value of fuel saving ........................................ _ ....... _ ....... $45,872,000 $68,200,000 $100,500,000 

For independent operatio~ the production of power by water has been taken at. 2,100,000,000 
kilowatt-hours for 1925 and 2,800,000,000 kilowatt-hours for 1930. These figures are based on 
growth of water power for the elec~ric utilities indicated by data collected by the United States 
Bureau of the Census. 

If in 1930 the superpower system were supplied with energy produced entirely from coal 
with the exception of that from existing hydroelectric plants the coal required would amount to 
23,184,100 short tons, and the fuel saving w?uld be 2,633,100 tons less than that effected by the 
proposed arrangement of superpower facilities for 1930. 



• 

164 A SUPEHPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

TABLE 64.-Fuel rate for superpower operation and rate under independent operation in 191.9, in pounds of coal 1Jer kilowatt
hour generated. 

1919 1925 1930 

-------------------------------------------------------------------1-------------
Superpower operation: 

New steam-electric plants................................................................ 1. 47 1. 45 1. 43 
Retained steam-electric plants........................................................... 2. 54 2. 54 2. 64 

Weighted average, steam-electric plants .............. -.................................. l. SO 1. 71 1. 62 
Independent operation (1919 performance of e~ectric utilities) ............................. 7 • • • • 2. 73 2. 73 2. 73 

The average cost of fuel delivered to the new base-load steam-electric plants is lower than 
that for existing steam-electric plants because of the advantageous locations that can be selected 
for the new plants. (See AppendiX F.) This difference is particularly marked in the com
parison of -the unit fuel cost for the _electric utilities for 1919 (see p. 48) and that of the 
hypothetical superpower system for 1919, for which the cost of coal at the mine and the railroad 
freight rate have been assumed to be the same, the resulting cost to the utilities being $5.35 

. per short ton, whereas that to the superpower system is $4.37 per ton. For the same reason, 
despite the higher freight rates charged against coal to the superpower system for 1925 and 1930, 
the resulting unit cost to the superpower system is less than that to the electric utilities for 1919. 

By the use of St. Lawrence power to the extent of 600,000.kilowatts at a load factor of 80 
per cent in the Eastern New.England, Western New England, and Mohawk-Hudson divisions in 
1932 the· annual coal requirement will be 2,234,000 tons less than the quantity which would be 
used were this amount of power generated by new steam-electric plants. By the use of Niagara 
power to the extent of 300,000 kilowatts at a load factor of 80 per cent in the Metropolitan 
division in 1932 the annual coal requirement will be.1,204,000 tons less than the quantity which 
would be used were this am_ount of power generated by'new steam-electric plants. 

TABLE 65.-Fuel requirements for superpower systemjor 1919, 1925, and 1930. 

0 
Coal f.er Total quantity Coal per 

Geographic division. kilowat -~ear of coal per/sear f~~tleiT,,~~~~~ Total annual kilowatt-hour of capae1ty (thousan s of cost. (pounds). 
(~hort tons). short tons). 

1919. 

Eastel'n New England: 
Present plants ................................ 1.31 673.2 $6. 15 $4,132,000 2.61 
New plants .................................. ~ 3 .. 92 1,412.0 6.10 8,620,000 1.20 

2. 391 2, 085.2 1 6. 11 12,752,000 1 . .44 

Western New England: 
Present plants ................................ . 84 144. sl 5.88 851,000 3.76 
New plants ............. ~ ..................... 2. 70 729.0 5.67 4,130,000 0 1.33 

-
1.97 873.8 5.70 4,981,000 1.50 

Mohawk-Hudson: 
Present plants ....................... " ........ 1. 12 51.2 5.32 272,000 5. 12 
New plants ................................. 2.28 410.0 5.32 2,180,000 1.35 

2. 041 461.21 5. 321 2, 452, ooo 1 1. 47 

Metropolitan: · I 
Present plants ................................ 2. so 1 3,170 I 5. 22116, 550, 000 1 2. 14 
New plants ... ~ ............................. 2. 99 . a 1, 625 5. 22 5, 878, 000 1. 33 

2. 84.1 4,795 5. 22 1 22, 428, ooo. 1.93 

Anthracite: 
Present plants ................................ 6. 80 1 1,085 2.531 2, 752,000. 4.04 
New plants ........................ _o_ •••• _ •• 5. 92 a 1, 759.0 2.35 4,135,?R? 1.80 

6.17 1 2, $44. o 1 .2.11 1 6, 887, QOO.· 2. 15 
' 

a lnciudes a portion of the coal burned in the Pittston plant. 
'•[ •. l.-.r 
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TABLE 65.-Fuel requirements for superpower systemfor 1919, 1925, a11-d 1930.,..--Continued. 

Coal per Total quantity 
kil~~~\f-~our Geographic division. kilowatt-rear of coal per year Cost per short Total annual 

ofcapac1ty (thousands of ton delivered. cost. (pow1ds). (short tons). short tons). 

1919-Continued. 
Southern: 

Present plantl:l ................................ 1. 29 845.8 $5.05 $4.270,000 2. 93 
New plants ................................. 4.88 2,198.0 3.66 8,045,000 1.50 

2. 76 3,043.8 4.05 12,315,000 1.73 

Superpower zone: 
Present plants ................................ · -2.23 5,969.8 4.84 28,827,000 2. 54 
New plants ................................. 4. 16 8,133.0 4.06 32,988,000 1.47 

-
3.05 14,102.8 4.37 61,815,000 1.80 

1925. . 
Eastern New England: 

Present plants ................................ 1.29 665.3 7.40 4,928,300 2.58 
New plants ................................. 3. 74 1,679.0 7.42 12,435,000 1. 19 

2.44 2,344.3 7.40 17,363,300 1.41 

Western New England: 
Present plants ................................ . 84 144.8 7.10 1,028,900 3.76 
New· plants ................................ : 2. 72 816.0 6.86 5,600,000 1.33 

2.04 960.8 6.90 6,628,900 1. 48' 

Mohawk-Hudson: 
Present plants ................................ 1. 12 51.2 6.33 324,000 5. 14 
Ne'v plants ................................... 2.88 692.0 6. 33 4,380,000 1. 33 

2.60 743. 2 6.33 4, 704,000 1.40 

Metropolitan: 
Present plants ................................ 2.80 3,170.0 6.25 19,800,000 2.14 
New plants ............................ _. .... 3.84 a2, 598.0 6.25 12,190,000 1.32 

3.06 5,768.0 6.25 31,990,000 1. 68 

Anthracite: 
Present plants ................................ 6.80 1,085.0 2.81 3,046,000 4.04 
New plants ................................. 5.92 a 1, 565.0 2.57 4,025,000 1.80 

6. 17 2,650.0 2.65 7,071,000 2.15 

Southern: 
Present plants ................................ 1.29 845.8 5.89 4,979,000 2.93 
New plants ................................. 4.75 3,279.0 4.42 14,480,000 1.50 

3.06 4,124.8 4. 72 19,459,000 1. 67 
-

Superpower zone: 
Present plants ..........•..................... 2.23 5,962.1 5. 72 34,106,200 2.54 

. Ne'v plants ................................. 4.23 10,629.0 5.00 53,110,000 l. 45 

3.20 16,591.1 5.25 87,216,200 1. 71 

1930. 

Eastern New England: 
Present plants ................................ 1.30 673.2 7.43 4,995,000 2.55 
New plants ................................. 3. 10 2,512.0 7.42 18,610,000 1.21 

2.41 3,185.2 7.42 23,605,000 1.37 

Western New England: 
Present plants ............... ~ ................ .84 144. 8 7. 10 1,029,000 3.76 
Ne'v plants ......................... · ........ 2. 17 846.0 6.87 5,810,000 1. 37 

1.76 990.8 6.90 6,839,000 1.51 

a Includes a portion of tho coal burnod in tho Pittston plant. 
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TABLE 65.-Fuel require.mentsfor superpower system for 1919, 1925, and 1980-Continued . 
.. 

Coal per Total quantity 
Coal Eer 

G~ographic division. kilowatt-year of coal per year Cost per short Total annual k:ilowat -hour of capacity (thousands of ton defivered. cost. 
(short tons). short tons). (pounds). 

1936-Continued. 
Mohawk-Hudson: 

Present plants ...................... · .......... 1. 12 51.2 $6.33 $324;000 5. 14 
New plants ....... ~ ......................... 2.47 888.0 6.33 5, 620,000 1.35 

2.31 939.2 6.33 5,944,000 1.41 

Metropolitan: : 
.Present plants ..................... ·:· ......... 2.23 2,522.0 6.25 15,163;000 2.22 
New plants ................................. .3. 86 a4, 131. 0 6.25 21,300,.000 1.31 

2.8R 6,653. 6.25 37,063,000 1 61 

Anthracite: (> 

Present plants ....... · ......................... 6.80 1, 85.0 2.81 3,046,000 4.04 
New plants ............... ~ ................ , 5.92 a2, 316.0 2.57 5,948,000 1.80 

I 

: 
6.10 I 3, 401. o 1 . 2. 63 8,994;000 2.07 

Southern: 
Present plants ................................ 1. 291 845.8 5.89 4,979,000 2.93 
Ne'v plants ........ ~ ...... ·, ........ · ......... 4.44 4, 536 .. 0 4.57 20,670,000 1. 46 

I 3.21 5, 381. 8 4.77 25,649;eeo 1.59 

Superpower zone: 
Present plants ................................ 1.98 5,322.0 5.67 30,136,000 2.64 
New plants ... ·.· ............................ 3.88 '15, 229.0 "5.11 77,958,000 1.43 

.. 

3. 11 20, 551.·0 1 
.. . . 5.25 108,094,{)00 1.62 

a Includes a portion of the coal burned in the Pittston plant. 

INVESTMENT COS.T •.. 
. l . . . ... .. . . ...... 

~- The total investment cost.for the facilities of the superpower system for 1919, 1925, and 
1930 is giv~n in Table 68. The unit cost is sh~wn. b~low; the figures for the retained plants 
represent reproduction .cost in midyear of 1919. 

TABLE 66.- Unit investment cost of superpower system per kilowatt ·of installed plant c~pac:ity .' · · 

1919 1925 1930 

$112, 00~ .$liQ .. 65) $109.50 
151.90 151.90 151.30 ~ :: ht;~~~l~i~~i~c p)~~!s_.: ~ ~ : ·. ·. · .· ." ." ~ ~ .~ ~ : ~ ~ ~ ~ ~ ~ ~ : : : ~ :·: : : : : : ~ ~ : ~ : : ~ : : : ~ :·: : ·: : ~ : : : : : : : : 

A verag~, .new plants ........... , ............................................ . 121.10 118.40 118.25 

123.QO. . .123. 00 123.00 
193.60 . .Hl:?,60 193.60 

Reta~ned steatp-elect~ic plants~ ......... : .': ..... ~ ...................... ·.· ........... . 
Retamed hyd~oelectnc plants .................................... ·.·. ·.· ................ . 

A veragt1, retamed. plants .......... , .. ~ ....................................... . 133.00 133.00 133.00 

Average, all plants ............. ~ ..... ~ ; .......................................... . 1.27. 80 125.80 125.00 

The' greater unit cost of the plants retained i~ the result of· their· smaller individual 
capacity. The new hydroelectric plants for the superjwwer system are to be located only at 
the most economical sites and constructed largely to carry peak loads, and therefore they show 
a lower unit investment cost. 
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T.ABLE 67.-Unit investment cost per kilowatt of demand for all facilities of superpower system. ' 

1919 1925 

~~~~:~~-~y~t~~~ ~ ~ ~ ~ .·.·:.·. ~:: :·:::::::::::::::::::: ~::::::::::: ~::::::::: :·:::::: :· $1i~: 88 $~ig: ~8 
165. 00 155. 40 

167 

1930 

$136.80 
14.05 

150.85 

The· reproduction cost of the power plants of the electric utilities in 1919 was $598,277,000, 
or $196 per kilowatt of demand. 

·The. new money required for the superpower project is $453,143,000 by 1925 and $693,218,000 
. by 193Q, thus making it necessary to ·raise about $90,600,000 annually for the first five years 
and $48~000,000 annually for the succeeding five-year period. The early installation of the 
transmission network is responsible for the higher annual requirement for the first five years. · 
This expenditure, however, is justified by the saving that will result through interconnection. 

If the increase in demand to 1930 were provided for by independent systems such as were 
in existence in 1919,· a total of about $856,000,000 would have to be expended, requiring financing 

. to the extent of ·about $85,600,000 annually. Accordingly, the construction of the superpower 
system should be accomplished with a saving in investment cost of about $163,000,000 during 
the next 10 years. 

TAm,i~ 68.-Investment cost for the superpower.systemfor 1919,.1925, and 1980, i;,_ thousands of dollars. 

I 

Eastern Western Mohawk- Metro- Anthra- Super-
New New Hudson. politan. cite. Southern. power 

England. England. zone. 

1919. 

Present steam-electric plants .................. 66,235 24,550 7,200 129,105 22,586 79,543 329,219 
New steam-electric plants ... · .................. ~1,100 29,890 • 20,920 a43, 570 a33, 000 50,035 218,515 

107,335 ~4,440 28,120 172,675 55,586 129,578 547, 734 

Present h)~droelectric plants .. _._ .............. i6,501 16,713 26,135 2,550 1,265 23,963 87,127 
New hydroelectric plants. __ .... __ ... __ .... _ ... .......... 9,ooo I 20,124 25,700 . ......... 33,000 87,824 

16,501 25,713 I 46,259 28,250 1,265 56,963 174,951 

All power plants ................ : ...... 123,836 80,153 74, 3'79 200,925 56,851 186,541 722,685 

Transmission lines ........... _ ...... _ ........ ·. 4,131 6,343 6,108 13,345 3,635 15,009 48,571 
Substations .. _ .... __ ............... _ ......... 3,656 1,902 3,149 10,955 3,253 6,183 29,098 

Transmission system .................... 7,787 8,245 9,257 24,300 6,888 21,192 . 77, 669 

Total investment cost ..................... _ .. 131,623 88,398 83,636 225,225 63,739 207,733 ·800, 354· 
Debit or credit to other divisions ....... ___ .... ............ .............. -3,800 +3,800 +2, 655 -2,655 .. .......... 

Total investment cost to division. _ ......... :. 131,623 88,398· 79,836 229,025 66,394 205,078 800,354 
Investment made as'of midyear, 1919 .......... 82, 736. 41,263 33,335 131,655 23,851 103,506 416,346 

New money required ..... ____ .. · .............. 48,887 47,135 46,501 97,370 42,543 101,572 384,008 

1926. 

Present steam-electric plants .................. 66,235 24,550 7,200 129,105 22,586 79,543 . 329,219 
New steam-electric plants ... __ ................ 50, 700 33,100 26,850 a62, 700 a29, 420 76,120 278,890 

116,935 57,650 34,050 191,805 52,006 155,663 608,109 

Present hydroelectric plants .......... _ ........ 16,501 16,713 26,135 2,550 _1, 265 23,963 87,127 
New hydroelectric plants ...................... ......... 9,000 20,124 25,700 .. .............. 33,000 87,824 

16,501 25,713 46,259 28,250 1,265 56,963 174,951 

All power plants ............ ·.· ......... 133,436 83,363 80,309 220,055 53,271 212,626 783,060 

a II;Icludes a portion of the Pittston plant investment. 
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TABLE 68:-Investment cost for the superpower system for 1919, 1925, and 1930, in thousands of dollars-Continued. 

Eastern \V"'tern I Mohawk- Metro- Anthra- Super-
New New H d poll tan. cite. Southern. power 

England. England. u son. zone. 

' 
1925-Continued. . 

Transmission lines ............................ 5,186 6,346 6,108 13,345 4,085 15,009 50,079 
Substations .................................. 5,102 3,655 3,226 12,436 4,163 7,768 36,350 

Transmission system .................... 10,288 10,001 9,334 25,781 8,248 22,777 86,429 

Total investment cost ........................ 143, 724 93,364 89,643 245,836 61,519 235,403 869,489 
Debit or credit to other divisions .............. ................. +5, 980 -780 -5,200 +1,435 -1,435 ~ .. - ........... 

Total investment cost to division .............. 143, 724 99,344 88,863 240,636 62,954 233,968 869,489 
Investment made as of midyear, 1919 .......... 82,736 41,263 33,335 131,655 23,851 103,506 416,346 

New money required ......................... 60,988 58,081 55,528 108,981 39,103 130,462 453, vs 
1930. 

Present steam-electric plants .................. .66,235 24,550 7,200 129,105 22,586 79,543 329,219 
New steam-electric plants ......... · ............ 91,750 42,280 39,195 a103, 100 a42, 800 111,050 430,175 

157,985 66,830 46,395 232,205 65,386 190,593 759,394 

Present hydroelectric plants ................... 16,501 16,713 26,135 2,550 1,265 23,963 87,127 
New hydroelectric plants .............. ; ....... 29,000 38,350 51,500 -... -....... 40,000 158,850 

16,501 45,713 64,485 54,050 1,265 63,963 245,977 

All power plants ....................... 174,486 112,543 110,880 286,255 66,651 254,556 1,013,535 

Transmission lines ............................ 5,186 11,840 7,956 14,369 4,310 16,440 60,101 
Substations .................................. 5,730 5,612 4,371 14,606 4,765 9,008 44,092 

Transmission system ................ · .... 10,916 17,452 12,327 28,975 9,075 25,448 104,193 

Total investment cost ........................ i85,402 129,995 123,207 315,230 75,726 280,004 1,109,564 
Debit or credit to other divisions .............. ............... +7,800 -480 -7,320 +18, 340 -18,340 .. ............ 

Total investment cost to division .............. 185,402 137,795 122,727 .307,910 94,066 •261,664 1,109,564 
Investment made. as of midyear, 1919 .......... 82,736 41,263 33,335 131,655 23,851 103,506 416,346 

New money required ......................... .102, 666 96,532 89,392 176,255 70,215 158,158 693,218 

a Includes a portion of the Pittston plant investment. 

COST OF POWER. 

Table 72 gives the annual production cost of the power plants for .the superpower zone, 
Table 73 the annual transmission-system cost, and Table 74 the total cost of power delivered 
to load centers. 

The costs given in Appendix B consider only production by the electric utilities and rep
resent the cost of power at their bus bars. These costs, compared to the production cost of all 
the plants of the superpower system, are as follows: · 

, TABLE 69.-Production cost per kilowatt-hour net generated. 

1919 1925 1930 

Cost for electric utilities, 1919: 
Steam-electric .................................... ~ ..... · ..................... . $0.0212 $0.0212 $0.0212 

. 0094 . 0094 . 0094 

. 0193 . 0193 . 0193 

.0108 . 0107 . 0102 

Hydroelectric ................................................................. . 
All plants .............................................. ·- ..................... . 

Cost for superpower system: 
Steam-electric ............................................... ' ............. : . . 

. 0061 . 0061 . 0058 

.0098 . 0098 . 0093 
Hydroelectric ............................................ '., ....... - .......... . 
All plants ....................... ·.· ............................................ . 

Reduction by superpower system ............................... ·.· .................. . . 0095 . 0095 .0100 
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To the production cost of the superpower system must be added the transmission cost to 
determine the cost of power delivered at the load centers. 

The average unit cost of power delivered by the superpower system to 'the load centers 
is stated below. · 

TAnLE 70.-Unit cost of power delivered to load centers. 

-
1919 1925 1930 

Per kilo- Per kilo- Per kilo- Per kilo- Per kilo- Per kilo-
watt-hour. watt-year watt-hour. watt-year watt-hour. watt-year 

of demand. of demand. of demand. 

W.~~;~hE:~~:·:· :. ::::::::::::::::::::::::::::::::::: $0.0045 $17.85 $0.0050 $20.40 $0.0046 $19. 10 
. 0064 25.,40 . 0058 24.00 . 0056 23. 10 
. 0004 1. 55 . 0004 1.60 . OQ04 1.60 

. 0113 44.80 . 0112 46.00 .0106 43.80 

'l'A BLE 71.-Annual cost for power delivered to load centers by superpower system and cost for independent operation undtr 
conditions of 1919. . 

1919 1925 1930 

Independent operation (power plants only): 
· ]i'uel ......................................................... $125,000,000 $151,000,000 $203,800,000 

Maintenance, labor, and supplies .............................. 47,905,000 69,425,000 93,440,000 
Fixed charges and general expense ............................ 190,300,000 227,150,000 305,900,000 

3fi3,205,000 447,575,000 603,140,000 

Superpower operation (power plants and transmission system): 
61,815,000 J?uel ......................................................... 87,216,000 108,094,000 

Maintenance, labor, and supplies ............. · ................. 24,829,000 27,451,000 33,905,000 
Fixed charges and general exp~nse ........................... 130,511,000 142,638,000 182,608,000 

217,155,000 257,305,000 324,607,000 

Saving by superpower operation: 
Fuel ................................................ __ ..... _. 63,185,000 63,784,000 95,706,000 
Maintenance, labor, and supplies .............................. 23,076,000 41,974,000 59,535,000 
l~xed charges and general expenses ............................ 59,789,000 84,512,000 123,292,000 

146,050,000 190,270,000 278,533,000 
\. 

The ~stimated fuel saving for 1925 is very little greater in dollars than that for 1919, owing 
to the lower unit coal cost per ton for superpower operation in the earlier year. The cost, of p'ower 
for independent operation is computed on the 1919 unit cost given in Appendix B. The value 
of fuel saving as here stated will therefore not check with the value given on page 163, where a 
definite cost per ton has been used in obtaining the result. 

The total investment in electric-utility company plants in 1919, as shown by reproduction 
cost, was $598,277,000. Plants to the value .of $416,346,000 are to be incorporated in the 
superpower system, leaving plants to be abandoned represented by a reproduction cost of 
$181,931,000. 

The net saving effected by the superpower system is arrived at by deducting from the gross 
saving the cost of money, taxes, insurance, and sinking fund on these abandoned plants, the 
investment in which must be gradually amortized. The cost of money, insurance, and taxes 
on the abandoned plants will.amount to $21,800,000 a year, and a sinking fund of $17,800,000 
a year will amortize. the investment in these plants in about eight years en a· 7 per cent annuity 
basis. The deduction from the gross saving is therefore $39,600,000 a year, and the net savings 
are for 1919, $106,450,000; for 1925, $150,670,000; for 1930,$238,933,000. 

If in 1930 the superpower zone were supplied with power from an interconnected system 
in which all the new power plants .were of the steam-electric type and were located as close to 
the load centers as the available supply of condensing water would permit, the total investment 
in such a system would be $1,064,716,000, and the annual cost of power delivered to the load 
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centers would be $348,084,000. The combination of base-load· steam-electric plants located 
both at tidewater and in the anthracite· mining region with hydroeleptric plants increases the 
investment cost to $1,109,564,000 but reduces the annual cost of power delivered to the load 
centers to $278,534,000-a saving of $69,550,000 annually on an increased .investment of 
$44,838,000. . 

By taking advantage of the partial regional diversity ·existing between th~ Anthracite 
division and the Southern and Metropolitan divisions and by producing large blocks of power 
in the Sunbury, Nescopeck, and Pittston base-load steam-electric plants in connection with the 
development of the Delaware River project to carry peak loads, as recommended for 1930, and 
by transmitting such of this power as is not absorbed by the Anthracite division to the Metro
politan and Southern divisions over the 220,000-volt transmission lines shown on Plates II and 
III, power could be delivered to thes~ three divisions at the low average cost of 9.7 mills per 
kilowatt-hour: 0~ the other hand, if the diversity existing between these divisions were ignored. 
and the power were produced in stea:m,-electric plants located as near the centers where it is used 
as the available supply of condensing water· would permit, and if there were no transmission
line connection between the Anthracite and the Metropolitan and Southern divisions, the corre
sponding costof power delivered to the load centers of these divisions would be 10.8 mills per 
kilowatt-hour . 

. As it will require about eight years to construct the proposed St. Lawrence hydroelectric 
works and about the same length of time to obtain additional capacity at Niagara. Falls that 

. could be released to the superpower. zone, the load requirements of 1930 must be met by other 
facilities. However, if these developments were completed ·by 1930, the load growth in the 
Eastern New England, Western New England, and Mohawk-Hudson divisions· should be suffici(=mt 
to absorb the available output of the St. Lawrence by 1932, and that of the Metropolitan division 
should be sufficient to absorb 300,000 kilowatts at a load factor of 80 per cent from Niagara in 
the same year. It is :qelieved from consultation with. the best-informed ·au-thorities on these 
two projects that power could be purchased from them at not more than $20 per horsepower
year delivered at their bus bars, and accordingly this figure is used in determining their effect 
on the_ cost of power to those divisions of the superpower zone so supplied. , · 

The estimated average cost for St. Lawrence power delivered in-1932. ~t Utica_ and Sche
nectady, N. Y., and Northampton, Mass~, is 4.6 mills per kilowatt-hour for 600,000 kilowatts 
at· a load factor of .SO per cent. The total annual cost for all power delivered in 1932 to the load 
centers of the Eastern New England, Western New England, and Mohawk-Hudson divisions 
with St. Lawrence power woul.d be $130,273,000. Were the excess energy requirement of 1932 
over that of 1930 furnished by new steam-electric plants, the total cost would .be $141,601,000. 
Th~ development of St. Lawrence River wouldtherefore save $11,328,000 annually to these 
geographic divisions. The total investment required for equipment to use St .. Lawrence pur
.chased power would be $24,826,000 less than that required if new steam-·ele.ctric 'plants were 
constructed to supply this excess energy. In the Eastern New England, Wes_ternN ew Engl_and, 
and Mohawk-Hudson divisions, which lie farthest from the coal fields, the cost of power ge:p.er
ated by steam-electric plants is inherently high, and therefore the ,St. Lawrence deyelopnient 
will be of very great benefit to these divisions. . -

The Metropolitan division by 1932 can absorb 300~000 kilowatts of,Niagara·power delivered 
at a load factor of 80 per cent. Th~ cost of this powe~ delivered at Paterson, N.J., will be about 
5.7 mills per kilowatt-hour. ·The total cost to the Metropolitan division foi: the power it will 
require in 1932, if Niagara power is used, will be $107,651,000. If the growth in energy required 
between 1930 and 1932 were supplied from new steam-electrio plants located .in the Metropolitan 
division, the total cost for power to the division in that year would be $110,899,000, showjpg a 
saving of $3,248,000 in favor of Niagara power. Were the power purchased from the Niagara 
power interests, so that Iio investment by the superpower system in hydroelectric power plants 
at that location would be required, the. total added investment for .1932 would be $5,080,000 
less than that which would be required if the Niagara power were displaced by steam-electric 
power. 
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TABLE 72.-Total annual production cost for superpo'Wer systemjor 1919, 1925, and 1930 . 

.. 
Annual operating cost. Annual production cost. 

Geographic division. Annual fixed 
Labor, main- Per kilo- charges. Per kilo-

' Fuel. tenance, imd 'rotal. watt-hour. Total. watt-hour. supplies. 

1919. i 

Eastern New England· 
Steam-electri~ plants- ,. 

Present .............. $4,132,000 $2,,655, 000 $6,787,000 $0.0131 $10,606,000 $17, 393,·000 . $0.0336 
New ...... : ......... 8,620,000 1,490,000 10,110,000 . 0043 6,580,000 16,690,000 . 0070 

12,752,000 4,145,000 -16, 897' 000 .. 0058 17, 186, ooo 1 34, os3, ooo . 0118 

Hydroelectric plants- . 
Pr('sent .............. .............. 388,000 388,000 . 0014 2,394,000 2,782,000 . 0104 
New ................ .............. . .................. ................... ............... ..................... .. ................ . ............. 

................. 388,000 388,000 . 0014 2,394,000 2,782,000 . 0104 

All plants .............. 12,752,000 4,533,000 17, 285·, 000 . 0055 19,580,000 36,865,000 . 0117 

Western New England: 
Steam-electric plants-

Present ...... ~ .... ~ .. 851,000 942,000 1, 793,000 . 0233 3,928,000 5,721,000 .0743 
New ................. 4,130,000 996,000 5,126,000 . 0047 4, 785,000 9,911,000 . 0091 

4,981,000 1,938,000 6,919,000 . 0059 8,713,000 15,632,000 . 0133 

Hydroelectric plants-
Present .............. ................ 438,000 438,000 . 0013 2,477,000 2,915,000 . 0086 
New ......... ~ ....... ............... 100,000 100,000 . 0004 1,156,000 1,2561000 • 0055 

................ 538,000 538,000 . 00091 3,633,000 · 4, 111, ooo 1 . 0073 

All plants .............. 4,981,000 2,476,000 7,457,000 . 0043 112, 346, 000 19, 803, ooo 1 . 0114 

Mohawk-Hudson: 
Steam-electric plants-

212,000 1, 153;ooo Present .............. 272,000 484,000 . 0242 1,637,000 .082 
New ................. 2,180,000 640,000 2,820,000 . 0047 3,350,000 6,170,000 . 0102 

2,452,000 852,000 3,304,000 . 0053 4, 503, ooo 1 1, 807, ooo 1 . 0125 

Hydroelectric plants-
446,000 3, 787, oo0 1 Present .............. .............. ~46,000 .00121 4, 233,000 1 

. 0117 
New ...... _···~······· ............. 200,000 00,000 . 0005 2,615,000 2,815,000 . 0074 

................ 646,000 646,000 . ooo8 1 6, 402, ooo 7,048,000 I . 0095 

All plants .............. 2,452,000 . 1, 498,000 3,950,000 . 0029 110, 905, 000 14,855,000 . 0109 

Metropolitan: . 
Steam-electric plants-

6,343,000 Present ....... : ...... 16,550,000 22,893,000 . 0077 20,657,000 43,550,000 . 0147 
New .................. 5,·878, 000 1,622,000 7,500,000 . 0043 6,980,000 aJ4,480,000 . 0083 

22,428,000 7,965,000 30,393,000 . 0068 27, 637, 000 I 58, 030,'000· .. 0130 

Hydroelectric plants- . 
Present .............. ····-··-···· 67,000 67,000 .003 370,000 437,000 . 0198 
New ................. ···-··-----· 350,000 350,000 . 0004 3,380,000 3,730,000 . 0044 

............. 417,000 417,000 . 0005 3,750,000 4,167,000 . 0048 

. All plants .............. 22, 428, ooo 1 8,382,000 30, 810, 000 l . 0057 31,387,000 62,197,000 . 0115 

Anthracite: 
Steam-electric plants- .. 

Present .............. 2, 752,000 1,007,000 3, 758,000 . 007. . 3, 614,000 7,372,000 . 01.37 
New ................. 4,135,000 1,395,000 5,530,000 . 0028 (?,280,000 a10,810,000 . 0055 

~7,000 ,. 2,401,000 9,288,000 . 0035 8,894,000 18,182,000 . 0068 
-

a Includes a portion of tho annual production cost of the Pittston plant. 
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TABLE 72.-Total annual production cost for superpower system for 1919, 1925, and 1980-Continued. 

Annual operating cost. Annual production cost. 

Geographic division. Annual fixed 
Labor, main- Per kifo- charges. Per lulo-Fuel. tenancc, and Total. watt-hour. Total. watt-hour. supplies. 

1919--Continued. 

Anthracite-Continued. 
Hydroelectric plants-

$247,000 $0.0155 Present .............. ............... $64,000 $64,000 $0.004 $183,000 
New ................ , .............. .................. ................... .............. .................. . ....... : ... J ......... 

............. 64,000 64,000 . 004 183,~00 247,000 . 0155 

All plants.~ ............ $6,887,000 2,465,000 9,352,000 . 0035 9,077,000 18,429,000 . 0067 

Southern: 
Steam-electric plants-

Present .............. 4,270,000 1,481,000 5,751,000 . 0099 12,662,000 18,413,000 . 0318 
New ................. 8,045,000 1,939,000 9,984,000 . 0034 8,000,000 17,984,000 . 0061 

12,315,000 3,420,000 15,735,000 . 0045 20,662,000 36,397,000 . 0140 

Hydroelectric plants-
. 00631 Present .............. ...................... 340,000 340,000 3,475,000 3,815,000 . 007 

New ................. ....................... 395,000 395,000 .~31 4,280,000 .4, 675,000 . 0033 

........................ 735,000 735,000 . 0004 7, 755,000 8,490,000 . 0043 

All plants .............. 12,315,000 4,155,000 16,470,000 . oo3o 1 28,417, ooo 44,887,000 . 0082 

Superpower system: 
Steam-electric plants-

12,639,000 . 0201 Present .............. 28,827,000 41,466,000 . 0088 52,620,000 94,086,000 
New ................. 32,988,000 8,082,000 41,070,000 .0037 34,975,000 76,045,000 . 0069 

~ 

61,815,000 20,721,000 82,536,000 . 0053 87,595,000 170,131,000 . 0108 

Hydroelectric plants- I 
Present .............. ...................... 1, 743,000 1, 743;ooo . 0011 12,686,000 14,429,000 . 0093 
New ........ · ......... · ........................ 1,045,000 1,045,000 . 0004 11,431,000 12,476,000 . 0043 

...................... 2, 788,000 2, 788,000 . 0006 24,117,COO 26,905,000 . 0061 

All plants .............. 61,815,000 23,509,000 85,324,000 .·0042 111,712,000 197,036,000 . 0098 

1925. ' 
Eastern New England: 

Steam-electric plants-
4,928,000 2,655,000 .0352 Present .............. 7,583,000 .0147 10,606,000 18,189,000 

New ................. 12,435,000 1,830,000 14,265,000 .0051 8,120,000 22,385,000 .0080 

17,363,000 4,485,000 21,848,000 . 0066 18, 726, ~oo 1 40, 574, ooo .0122 

Hydroelectric plants-
388,000 388,000 . 00141 2, 394, ooo 1 2, 782, 000 1 . 0104 Present. . . . . . . . . . . . . . . ........... 

New ............................. .................... --- ............... - ......... , ........................ , ......... 
...................... 388,000 . 388,000 . 00141 2,394,000 2, 782, ooo 1 . 0104 

All plants .............. 17,363,000 4,873,000 22,236,000 . oo62 1 21, 120, ooo 43, 356, ooo 1 . 0121 

Western New England: 
Steam-electric plants-

Present .............. 1,029,000 942,000 1,971,000 . 0256 3,928,000 5,899,000 .0767 
Ne,v ................. 5,600,000 1,100,000 6,700,000 .0055 5,293,000 11,993,000 .0098 

6,629,000 2;042,000 8,671,000 . oo67 I 9,221,000 11,892, ooo 1 .0138 
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TABLE 72.-Total annual production costfor superpower systemjor 1919, 1925, and 1930-Continued. 

Annual operating cost. Annual production cost. 

Geographic division. Annual fixed 
Labor, main-

Total. Per kilo- charges. 
Total. Per kilo-Fuel. tenance, and watt-hour. watt-hour. supplies. 

1925-Continued. 

Western New England-Con. 
Hydroelectric plants-

Present .............. ................ $438,000 $438,000 $0.0013 $2,477,000 $2,915,000 $0.0085 
Ne\v ................. .............. 100,000 100,000 .0004 1,156,000 1,256,000 .0055 

................. 538,000 538,000 . 00091 3, 633, 000 4,171,000 .0073 

All plants .............. $6,629,000 2,580,000 9,209,000 . 0049 12,854,000 22,063,000 .0118 

Mohawk-Hudson: 

212,000 I .02681 
Steam-electric plants-

Present .............. 324,000 536,000 1,153,000 1,689,000 .0844 
New ................. 4,380,000 890,·000 5,270,000 .0051 4,296,000 9,566,000 .0092 

4, 704,000 1,102,000 5,806,000 .0055 5,449,000 11,255,000 . 0106 . 
Hydroelectric plants-

Present ............. ................. 446,000 446,000 .0012 ~,787,000 4,233,000 .0117 
New ................. .................. 200,000 200,000 .0005 2,615,000 2,815,000 . 0074 

................ 646,000 646,000 .00091 6,402,000 7, 048, ooo, .0095 

All plants ................ 4, 704,000 1,748,000 6,452,000 . 0036 \n, 851, ooo 18,303,000 .0102 

Metropolitan: 
Steam-electric plants-

19,800,000 6, 3'43, 000 26,143,000 .0088 20,657,000 46,800,000 Present .............. .OJ.58 
Ne,v ................. 12,190,000 2,419,000 14,609,000 .0048 10,030,000 a 24, 639, 000 .077 

31,990,000 8,762,000 40,752,000 .0071 30,687,000 71,439,000 . 0123 

Hydroelectric ·plants-
Present .............. ................. 67,000 67,000 . 0030 370,000 437,000 . 0198 
New.· ................ ................... 350,000 350,000 .0004 3,380,000 3,730,000 .0044 

................ 417,000 417,000 . 0005 3,750,000 4,167,000 .0048 

All plants .............. '31, 990, 000 9,179,000 41, 169, ~oo 1 . 0061 34,437,000 75,606,000 .0112 
=== -

Anthracite: 
Steam-electric plants-

Present ... -~ ......... 3,046,000 1:006,000 4,052,000 . 0075 3,614,000 7,666,000 .0143 
Ne,v ................. 4,025,000 1,256,000 5,281,000 . 0031 4,710,000 a9, 991,000 .0058 

7,071,000 1 2,262,000 9,333,000 . oo37 1 8,324,000 17,657,000 .0071 

Hydroelectric plants-
Present .............. ................ 64,000 64,000 .0040 1S3, 0~0 I 247,000 .0155 
Ne\v ................. .................. ..................... ................ ................ ................. ................. ............ 

· · ~: ~~~: ~ci~ ·1 
64,000 64,000 .0040 183,000 247,000 . 015'5 

All plants .............. 2,326,000 9,397,000 . oo38 1 s, 507, ooo 17' 904:, 000 .0071 
.======= 

Southern: 
Steam-electric plants-

Present .............. 4,979,000 1,481,000 6,460,000 .0112 12,662,000 19,122,000 .0331 
New ................. 14,480,000 2,960,000 17,440,000 .0040 12,175,000 29,615,000 .0068 

19, 459, ooo 1 .4,4·il,OOO 23,900,000 .0048 24,837,000 48,737,000 .0099 

Hydroelectric plants- I 

Present .............. ........................ 340,000 340,000 . 0063 3,475,000 3,815,000 . 007 
New ..... ~ ... : ....... ...................... 395,000 395,000 .0003 4,280,000 4,675,000 .0033 

..................... 735,000 735,000 .0004 7,755,000 8,490,000 .0043 

All plants .............. 19,459,000 5,176,000 24,635,000 .0035 32,592,000 57,227,000 .0083 

a Includes a portion of the annual production cost of the Pittston plant. 
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TABLE 72.-Total annual production cost for superpower system for 1919, 1925, and 1930-Continued. 

'· 
Annual operating cost. Annual production cost. 

Geographic division. Annual fixed 
Labor, main- Per kilo- charges. Per kilo-Fuel. tenance, and Total. watt-hour. Total. watt-hour. supplies. 

1925-Continued. 

Superpower system: . 
Steam-electric pl~nts-

Present .............. $34,106,000 $12,639,000 $46,745,000 $0.0100 $52,620,0001$99,365,000 $0.0212 
New .................. 53,110,000 10,455,000 63,565,000 .0043 44,624,000 108,189,000 .OOH 

87,216,000 23,094,000 no, 310, ooo 1 . 0057 97,244,000 207,554,000 . 0107 

Hydroelectric plants- . . .. -· .... 
Present .............. ..................... 1,743,000 1, 743,000. .0011 -12,686,000 14,429,000_ . 0093 
Ne,v ................. .................. 1,045,000 1,045,000 .0004 11,431,000 12,476,000 .0043 

...................... 2,788,000 2,788,000 .0006 ·24;117,000 26,905,000 . 0061 

All plants._ ............. 87,216,000 25,882,000 113,098,000 .0048 121;361,000 234,459,000 . 0098 

1930. . 
Eastern New England: 

Steam-electnc plants-
Present .............. 4,995,000 2,852,000 7,847,000 . 0148 10,606,000 18,453,000 .0350 
New ................. 18,610,000 3,063,900 21,675,000 ·. 0052 14,685,000 36,360,000 . 0088 

23,605,000 5,917,000 29,522,000 . 0063 25,291,000 54,813,000 .0117 

Hydroelectric plants-
Present .............. .................. 388,000 388,000 . 0014 2,394,000 -2,782,000 ··.0104 
New ................. ................ ....................... ................. ................ ....................... ....................... .. ................ 

.................... 388,000 388,000 .0014 2,394,000 2,782,000 . 0104 

All plants .............. 23,605,000 6,305,000 29,910,000 . 0061 27,685,000 5~,595,000 .0116 

Western New England: 
·Steam-electric plants- . , .. . . ... 

Present .............. 1,029,000 942,000 1,971,000 . 0256 3,928,000 5,899,000 . 0767 
New ................. 5,810,000 1,370,000 7,180,000 . 0058 ·6,775,000 13,955,000 .0113 

6,839,000 2,312,000 9,15i,ooo . 0070 10,703,000 ·19,854,000 . 0151 .. 

Hydroelectric plants-
Present .............. ....................... 438,000 438,000 . 0013 2,477,000 2,915,000 .. 0086 
New ................. ....................... 330,000 330,000 . 0004 3,'800, 000 4,130,000 .0054 

........................ 768,000 768,090 . 0007 6,277,000 7,045,000 . 0064 

All plants ....... : ... .' .. 6,839,000 3,080,000 9,919,000 .0041 16,980,000 26,899,000 . 0112 

Mohawk-Hudson: 
Steam-electric plants..:..... · .. 

Present ....... ~ ...... 324,000 212,000 536,000 . 0268 1,153,000 1,689,000 .0844 
New ................. 5,620,000 1,300,000 6,920,000 .. 0053 6,270,000 13,190,000 . 0100 

5,944,000 • 1, 512, ooo 1 7,,456, 000 .0056 7, 423,'000 . 14, 879, 000 . 0112 

Hydroelectric plants-
I 

Present .............. ................... 446,000 446;000 . 0013 3,787,000 4,233,000 . 0124 
New ....... --.~---.··· ................. 300,000 300,000 . 0003 4,~50,QOO 5,250,000 . 0058 , 

............ 746,000 746,000 .0006 8,, 737,000 9,483,000 . 0077 

All plants ...... ~ ....... 51944,000 2,258,000 8,202,000 . 0032 16,160;000 24,362,000 :. 0095 
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TABLE "12.-Total annual production cost for superpower systernfor 1919, 1925, and 1980-Continued. 

I· Apnual operating cost. 

Geographic division. Labor, main-
Fuel. tenance, and Total. 

supplies. 

1930-Continued. 

Metropolitan: 
Steam-electric plants-

Present .............. $15,763,000 $5,992,000 $21,755,000 
New ................. 21,300,000 3,955,000 25,255,000 

37,063,000 9, 947, ooo 1 47,010, ooo 

Hydroelectric plants-
Present .............. ...................... 67,000 67,000 
New ................. .............. 650,000 650,000 

............... 717,000 717,000 

All plants .............. 37,063,000 10,664,000 47,727,000 

Anthracite: 
Steam-electric plants-

4,052,000 Present .............. 3,046,000 1,006,000 
New ....... : ......... 5,948,000 1,892,000 7,840,000 

8,994,000 2,898,000 11,892,000 

Hydroelectric plants-
64,000 Present .............. ................... 64,000 

New ................. ..................... .................. ............. 

................... 64,000 64,000 

All plants .............. 8,994,000 2,962,000 11,956,000 

Southern: 
Steam-eleetric plants-

Present .............. 4,979,000 1,481,000 6,460,000 
New ................. 20,670,000 4,310,000 24,980,000 

25,649,000 5,791,000 31,440,000 

Hydroelectric plants-
Present .............. ................ 340,000 340,000 
New· ................. ·····------- 6Z5,000 625,000 

............ , 965,000 965,000 

All plants .............. 25,649,000 6,756,000 32,405,000 

Superpower syst~m: 
Steam-electnc plants-

Present ... _ .......... 30,136,000 12,485,000 42,621,000 
Ne"?· ................. 77,958,000 15,892,000 93,850,000 

108, 094, ooo 1 28, 377, ooo 136,471,000 

Hydroelectric plants-
Present .... : ......... ············! 1, 743,000 1,743,000 
New ................ ~ ................ 1,905,000 1,905,000 

. ············\ 3,648,000 3, 648, ooo 1 

All plants .............. 108, 094, 000 132, 028, ooo. 140, 119, ooo I 
a Includes a portion of the annual production cost of the Pittston plant. 

63361°--21----12 

Annual production cost. 

-Annual fixed 
Per ki.Jo- charges. Per kilo-· 

watt-hour. Total. watt-hour. 

$0.0096 $20,657,000 $42,412,000 $0.0186 
. 0047 16,485,000 a 41, 740, 000 . 0076 

. 0064 37,142,000 84,152,000 . 0103 

.003 370,000 1 437,000 . 0198 

.0005 6,800,000 7,450,000 ".0060 

.0005 7, 170,000 I 7,887,000 . 0062 

.0055 44,312,000 92,039,000 .0094 

7,666,000 . 0075 _3, 614,000 .0143 
. 0031 6,855,000 a 14,695, 000 . 0057 

. 0036 10, 469,.000 22,361,000 . 0067 

.004 183,000 247,000 . 0155 
.......... ................. . ................... ........... 

.004 183,000 247,000 . 0155 

.0036 10,652,000 22,608,000 .0067 

.0112 12,662,000 19,1.22,000 . 0331 

.0040 17,765,000 42,745,000 . 0069 

.0046 30,427,000 61,867,000 .0091 

. 0006 3,475,000 3,815,000 .0070 

. ooo3 I 6,526,000 7,151,000 .0033 

.0004. 10,001,000 10,966,000 .0040 

. 0034 40,428,000 72,833,000 .0077 

. 0106 52,620,000 95,241.,000 . 0238 

.0044 68,835,000 162,685,000 . 0076 

. 0054 121,455,000 257,926,000 . 0102 
-

. 0011 112, 686, 000 14,429,000 . 0094 

. 000·1 22, 076, 000 23,981,000 . 0047 

. ooo6 1 34, 762, .ooo 38,410,000 . 0058 

. 0044,156, 217' 000 296,336,000 .0093 
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TABLE. 73.-Annual cost of transmission system fo! superpower system, 1919, 19f5, and 1930. 

Geographic division. Operatfng. Fixed charges. Total. 

1919. 
Eastern N e'Y ~ngl~nd: 

Transmission hnes ................................................... . 
Substations .......................................................... . 

$37,000 $578,000 $615,000 
123,000 584,000 707,000 

160,000 1, 162, ooo 1 1,322,000 

Western New Em:dand: 
Transmission~lines .................................................. . 
Substations ........................................................... . 

50,000 887,000 1 
937,000 

51,000 304,00() 355,000 

101,000 1, 191., ooo 1 1,292,000 

Mohawk-Hudson: I 
Transmission lines .................................................. . 
Substations ......................... : ................................ . 

48.000 855.000 903,000 
87;ooo 5o4;ooo 591,000 

.135,000 1,359,000 1,494,000 

Metropolital?-: . . 
TransiDlSSIOn lines .................................................. . 
Substations ................................................ , ......... . 

75,000 1,870,000 1,945,000 
284,000 1,760,000 2,044,000 

\. 

359,000 3,630,000 ::l,989,000 

Anthracite: 
Transmission lines .................................................. . 
Substations .......................................................... . 

49,000 508,000 557,000 
114,000 520,000 634,000 

163,000 1,028,000 1,191,000 

Southern: 
Transmission lines .................................................. . 
Substations .......................................................... . 

221,000 2,100,000 2,321.000 
181,000 987,000 1,168,000 

402,000 3,087,000 3,489,000 

Superpower. sY:ste~: 
TransmiSSIOn lineS .................................................. . 
Substations .......................................................... . 

480,000 6,798,000 7,278,000 
840,000 4,659,000 5,499,000 

1,320,000 11,457,000 12,777,000 

1925. 
Eastern Ne'y ~ngl~nd: . 

TransmiSSion hnes .............................. ~ ................... . 
Substations .................... · ...................................... . 

48,000 725,000 773,000 
186,000 816,000 1,002,000 

,234, 000 1,541,000 1,775,000 

Western Ne~ ~ngl~nd: 
TransmiSSIOn hnes .................................................. . 
Substations .......................................................... . 

49,000 888,000 937,000 
133,000 585,000 718,000 

182,000 1,473,000 1,655,000 

Mohawk-Hudson: . I 
Transmission lines .................................................. . 
Substations .................. · ......................................... . 

48,000 855,000 903,000 
104,000 516,000 620,000 

152,000 1,371,000 1,523,000 

MetropolitaJ.l: . . 
TransmiSSion lines .................................................. . 
Substations .......................................................... . 

75,000 1,870,000 1,945,000 
347,000 1,990,000 2,337,000 

422,000 3,860,000 4,282,000 

Anthracite: 
Transmission lines .................................................. . 
Substations .......................................................... . 

19,000 573,000 592.000 
150,00Q 665,000 815;ooo 

169,000 1,238,000 1,407,000 
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TAnr.E. 13.-Annual cost of transmission system for superpower system, 1919, 1925, and 1930-Continued. 

Geographic division. Operating. Fixed charges. Total. 

1925--Continued. 
Southern: 

'l'ransmission lines .................................................... $221,000 $2,100,000 $2,321,000 
Substations ......................................................... ~. 189,000 1,242,000 1,431,000 

410,000 
I 

3,342,000 3,752,000 

S u p~~power_ s~ste~: 
460,000 

I 
7,011,000 7,471,000 IransmiSSlon hnes ................................................... 

Substations ........................................................... 1,109,000 5,814,000 6,923,000 

1,569,000 12,825,000 14,394,000 

1930. 
East~rn Ne'y ~ngl~nd: 

.l'ransmiSSion hnes ................................................... 48,000 725,000 773,000 
Substations ........................................................... 194,000 915,000 1,109,000 

242,000 j 1,640,000 1,882,000 
. . 

I 

Western New England: 
'l.'rans1nission lines ................................................... 78,000 1,660,000 1,738,000 
Substations ........................................................... 173,000 896,000 1,069,000 

- 251,000 2,556,000 2,807,000 

Mohawk-Hudeon: 
Transmission lines ................................................... 132,000 1,110,000 1,242,000 
Substations ........................................................... 130,000 700,000 830,000 

262,000 I 1,810,000 2,072,000 

Mct~~~~~J.;.ion lines .................................................. I 80,000 

I 

2,010,000 2,090,000 
Substations ............................................................ 426,000 2,335,000 2,761,000 

I 506,000 4,345,000 4,851,000 

Anthracite: 
Trans1nission lines .................................................... 24,000 603,000 627,000 
Substati.ons ................. ~ ......................................... 174,000 762,000 936:000 

198,000 1,365,000 1,563,000 

Southern: 
Transmission lines ................................................... 167,000 2,300,000 2,467, 000· 
Substations; ............................ , ........ · ..................... 253,000 1,440,000 1,693,000 

420,000 '3, 740,000 4,160,000 

Superpower_ z~ne: . . 
TransmiSSIOn hnes ............................................ · ....... 529,000 8,408,000 8,937,000 
Substations ............... ~~ .......... :.· .............................. 1,348,000 7,050,000 8, 398,000. 

I 1,877,000 
I 

15,458,000 17,335,000 
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TABLE 74.-Annual cost of deli'vered power for the superpower system, 1919, 1925, and 1930 . 
.. -

Operating cost. Cost of delivered power. 

Geographic division. Fixed· General 

~otal. 
Per Uilo- rharges. expense. 

Total. Per kilo-
watt-hour. ,vatt-hour. 

' 

1919. 

Eastern New England: 
Cost of power produced ................ $17,445,000 ............ $20,742,000 $1,. 333, 000 $39,520,000 .. ................ 
Debit or credit to. other divisions ...... 0 .................. 0 0 0 . ................ 

Net cost ........................... 17,445,000 $0.0058 20,742,000 1,333,000 39,520,000 $0.0131 

Western New England: 
Cost of power produced ................ 7,558,000 ................ 13,537,000 740,000 21,835,000 .. ................ 
Debit or credit to other divisions ...... 0 ................ 0 0 0 .. ................ 

l'{et cost ........................... 7,558,000 . 0045 13,537,000 740,000 21,835,000 . 0131 

Mohawk-Hudson: 
Cost of power produced ................ 4,085,000 ................ 12,264,000 572,000 16,921,000 .. ................ 
:Qebit or credit to other divisions ....... +540,000 .................. +560,000 +60,000 +1, 160,000 .. ............... 

Net cost ............. : . ............ 4,625,000 . 0035 12,824,000 632,000 18,081,000 . 0137 
-

M etropolitan: 
Cost of power produced ................ 31,169,000 ................ 35,017,000 2, 320, ooo Iss, 506, ooo .. ................ 
Debit or credit to other divisions ....... -540,000 --------- -560,000 -60,000 -1,160,000 .................. 

Net cost ...................................................... 30,629,000 .0055 34,457,000 2,260,000 67,346,000 . 0120 

A nthracite: 
Cost of power produced ................ 9,515,000 .................. 10,105,000 687,000 20,307,000 .. ............... 
Debit or credit to other divisions ....... +3, 000,000 .................. +3, 200,000 +470, 000 +6,670,000 .. ................ 

Net cost ............................ 12,515,000 .0042 13,305,000 1,157,000 26,977,000 . 0090 

s outhern: 
Cost of power produced ................ 16, 872, ·ooo ................. 31,504,0~0 1,690,000 50,066,000 . ................ 
Debit or credit to other divisions ....... -3,000,000 ................ -3,200,000 -470,000 -6,670,000 .. ................ 

Net cost ...... : ..................... 13,872,000 . 0029 28,304,000 1,220,000 43, 396, ooo 1 . 0093 

s uperpower system: ................... : ... 86,644,(}00 . 0045 123,169,000· 7,342,000 217,155,000 . 0113 

1925. 

astern New England: 
Cost of power produced ................ 22,470,000 .................. 22,~61,000 1,580,000 46,711,000 .. ................ 

E 

Debit or credit to otJler divisions ....... 0 ................. 0 0 0 .. ............... 

Net cost ................... ~ ........ 22,470,000 . 0065 22,661,000 1,580,00p 46, 111, ooo 1 . 0135 

estern New England: 
Cost of power produced ......... · ....... . 9, 391,000 .................. 14,327,000 8'30,000 ~.~s.ooo ~-······· 
Debit or credit to other divisions ...... +680,000 ................ +710,000 +25,000 + 1, 415, 000 -- - -- -- --

w 

Net cost ............................ 10,071,000 . 0053 15,037,000 855,000 25, 963, ooo 1 . 0136 

ohawk-Hudson: 
685,000 120.246.000 I· ........ Cost of power produced ... : ............ 6,604,000 --------- 12,957,000 

Debit or credit to other divisions ....... +190, 000 ............... ~ +210, 000 + 15, 000 +415, 000 . -- -- -- -- -

M 

·Net cost ............................ 6,794,000 . 0038 13,167,000 700,000 2o, 661, ooo I . 0117 

etropolitan: I 
Cost of power produced ................ 41,591,000 .............. 38,297,000 2,800,000 82,688,000 1---------
Debit or credit to other divisions ....... -870,000 ............... -910,000 -40,000 -1, 820, 000 

1 

....••••• 

M 

Net ·cost ... , ..... · ................... 40,721,000 . 0059 37,387,000 2,760,000 80, 868, ·000 . 0117 

A nthracite: 
Cost of power produced ................. 9;566,000 ................... 9,745,000 677,000 19,988,000 .. ................ 
Debit or credit to other tlivisions ....... +960, 000 ...................... +980,000 +165, 000 +2, 105,000 ... .............. 

Net cost ............................ 10,526,000 .0040 I 10,725,000 842,000 22, 093, ooo 1 -0085 
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TABLE 74.-Annual cost of delivered power for the superpower system, 1919, 1925, and 1930-Continued. 

Operating cost. Cost or delivered power. 

Fixed General 
Geogmphic division. 

Per Jdlo- charges. expense. Per kilo-Total. watt-hour. Total. watt-hour. 

·1925-Continued. 
Southern: 

Cost of_ power produced ................ $25,045,000 ................ $35,934,000 $2,135,000 $63,114,000 . ............. 
Debit or credit·to other divisions ....... -960,000 ................. -980,000 -165,000 -2,105,000 .. .............. 

Net cost ............................ 24,085,000 $0.0038 34,954,000 1,'970, 000 61,009,000 $0.0098 

Sllperpower system ........................ 11.4,667,000 . 0050 133,931,000 8, 707,000 257.305,000 . 011.2 

1930. 

Eastern New England: 
29,325,000 2,081,000 61,558,000 Cost of power produced ................ 30,152,000 .............. .. ........... 

Debit or credit to other divisions ....... 0 ................. 0 0 0 ................. 

Net cost ............................ 30,152,000 . 0063 29, 325, 000 I 2,081,000 61,558,000 . 0129 

Western New England: 
19,536,000 1,038,000 30,744,000 Cost of power produced ............ · .... 10,170,000 ................. ............... 

Debit or credit to other divisions ....... +863, 000 ................. +870, 000 +62, 000 +1, 795,000 ................ 

Net cost ............................ 11.,033,000 . 0045 20,406,000 1,100,000 32,539,000 . 0131 

Mohawk-Hudson: 
Cost of power produced ...... · ...... : ... 8,464,000 ................. 17,970,000 890,000 27,324,000 ................. 
Debit or credit to other divisions ....... +257, 000 .............. +260, ooo. +18, ooq +535, 000 .................. 

Net cost ............................ 8,721,000 . 0035 18,230,000 908,000 27,859,000 .011.0 

Metropolitan: 
Cost of power produced ................ 48,233,000 ................... 48,657,000 3,390,000 100,280,000 .............. 
Debit or credit to other divisions ....... -1,120,000 ............. -1, 130,000 -80,000 -2,330,000 .............. 

Net cost ............................ 47,113,000 . 0054 47,527,000 .3, 310,000 97,950,000 . 0111 

Anthracite: . 
Cost of power produced ................ 12,154,000 .............. 12,017,000 846,000 25,017,000 ................ 
Debit or credit to other divisions ....... +2, 160,000 ................. +2, 950,000 +120,000 +5, 230,000 .. ................ 

Net cost ..... : ................... : .. 14,314,000 . 0040 14,967,000 966,000 30,247,000 .0084 

Southern: I 
Cost of power produced ................ 32,825,000. ................. 44,168,000 2,690,000 79,683,000 . ................ 
Debit or credit to other divisions ....... -2,160,000 ................. -2,950,000 -120,000 -5, 230,000 .. .......... 

Net cost ............................. 30,665,000 . 0036 41,218,000 2,570,000 74,453,000 . 0087 

Superpower system ........................ 141,998,000 . 0046. 171,673,000 10,935,000 324,606,000 • 0106 

COST OF PO,VER DELIVERED TO THE LOAD CENTERS FROM THE NEW 
POWER PLANTS .AND THE· TRANSMISSION SYSTEM OF THE SUPER .. 
POWER SYSTEM. 

The superpower system as analyzed in the preceding sections comprises two distinct 
elements-(!) the present power plants incorporated into the system and (2) the new power 
plants and the transmission system. The amount of new power-plant capacity required is 
as follows: · 

TABLE 75.-Ne'W power-plant capacity for superpower system, in kilowatts. 

Geogr!J.phic division. 1919 1925 1930 

350,000 450,000 810,000 
320,000 350,000 555,000 
280,000 340,000 510,000. 
423,000 573,000 1,100,000 
450,000 450,000 600,.000 
695,000 935,000 1,405,000 

Eastern New England ..................................................... . 
\Vestern New England ................................................... . 
1\fohawk-Ifudson ......................................................... . 
1\ietropolitan ........................................................ _ .... . 
Anthracite .............. ~ ............................................... . 
Southern ................................................................ . 

Superpower zone .......... : ........................................ . 2,528,000 3,098,000 4,980,000 
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The investment cost for the new facilities given in Table 76 is 52.2 per cent of the total 
investment cost for the superpower system in 1925 and 62.5 per cent of the total in 1930. 

The cost of power delivered to the load centers from the new facilities of the superpower 
system is shown by Table 77 to be 54.3 per cent of the total cost for the superpower system in 
1925 and 65 per cent of the total in 1930. · 

The present power plants proposed for incorporation in the superpower system will be a 
very important factor in the earlier stages of its being. Although theoretically power could 
be generated more cheaply and a greater amount of coal could be conserved by abandoning 
practically every steam-electric power plant now located within the zone, this procedure is 
not desirable, practicable, or financially possible. 

If the power plants retained are operated by .the utilities as set forth on pages 157-161, the 
average cost of power purchased from the new facilities of the superpower system would be 
$0.0084 per kilowatt-hour measured at the receiving busses of the electric utilities at the load 
centers. To obtain this result, however, it is essential that all power plants within the zone 
be so operated that the resulting cost -to. all concerned will be the lowest. This eri.d can be 
accomplished only by the operation of the older, less efficient plants for peak load and by the 
operation of the new, highly efficient plants for base load at high' capacity factors. 

TABLE 76.-Investment cost for new p01.ce:r plants and transmission system of the supe:rpowe:r system, 1919, 1925, and 1980, 
· in ·thousands of dollars. . 

Eastern New Western New Mohawk- M:etropoli- Anthracite. Southern. Superpower 
England. England. Hudson. tan. zone. 

1919. 

New plants .................... : ....... 41,100 38,890 41,044 a 69,270 a 33,000 83,035 306,339 
Transmission system ................... 7,787 8,245 9,257 24,300 6, 8881 21, 192 77,669 

48,887 47, 135 50,301 93,570 39,888 104, 227 384,008 
Debit or credit to other divisions ..... :. ··········j·········· -3,800 I +3, 800 +2, 655 -2,655 .................. 

Net investment ................ 48,887 1 47,135 46,501 97,370 42,543 101,572 384,008 

·1925. 

.New plants ............................ 50,700 ·42, 100 .46, 974 a 88,400 a 29,420 109, 120 366, 71.4 
Transmission system ................... 10,288 10,001 9,334 25,781 8,248 22, 777 86,429 

60,988 52, 101 56,308 114, 181 37,668 131,897 453,143 
Debit or credit to other divisions ....... ................. +5,·980 -780 -5,200 +1, 435 -1,435 . ............... 

Net investment .................. 60,988 58,081 55,528 108,981 39, 103 130,462 453, 143 

1930. 

New plants ............................ 91,750 71,280 77,545 a 154,600 a 42,800 151,050 589,025 
Transmission system .................... 10,916 17,452 12,327 28,975 9,075 25,448 104, 193 

102, 666 88, 732 89,872 183, 575 51,875 176,498 693,218 
Debit or credit to other divisions ....... , .......... +7, 800 -480 -7,320 +18, 340 -18,340 .. ................ 

Net investment .................. , 102,666 96,532 89,392 176,255 70,215 158, 158 693,218 
I 

a Includes a part of the investment in the Pittston plant. 
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TABLE 17.-Cost of power delivered from new power plants and transmission system of superpower system for 1919, 19~5, 
and 1980. 

Eastern New Western New Mohawk- Metropoli- Anthracite. Southern. Superpower 
England. England. Hudson. tan. zone. 

1919. 

Power )millions of kilowatt-hours): 
De ivered to division._ ........... 3,016 1,671 1,313 5,590 3,005 4,669 19,264 
Generated by old plants.· ......... 785 417 381 2,982 553 1,121 6,239 

Delivered from new facilities ..... 2,231 1,254 932 2,608 2,452 3,548 13,025 

Annual cost (thousands of dollars): 
Production cost, new plants ....... 16,690 11,167 8,985 a 18,210 a 10,810 22,659 88,521 
Transmission cost .................. 1,322 1,292 1,494 3,989 1,191 3,489 12,777 
General expense ................... 630 438 358 782 420 915 3,543 

18,642 12,897 10,837 22,981 12,421 27,063 104,841 
Debit or credit to other divisions ... ................ ................ +1, 160 -1,160 +6, 670 -6,670 . ............ 

Total cost of power delivered 
from new facilities ............. 18,642 12,897 11,997 21,821 19,091 20,393 104,841 

Cost per kilowatt-hour ............ $0.0084 $0.0103 $0.0129 $0.0084 $0.0078 $0.0057 $0.0080 

1925. 

Power (millions of kilowatt-hours): · 
Delivered to division ............. 3,458 1,909 1, 767 6,903 2,600 6,233 22,870 
Generated by old plants ........... 785 417 381 2,982 553 1,121 6,239 

Delivered from new facilities.: ... ·2,673 1,492 1,386 3,921 2,047 5,112 1 16,631 

Annual cost (thousands of dollars): . 
34,290 I Production cost, new plants ....... 22,385 13,249 12,381 a 28,369 a 9, 991 120,665 

Transmission cost .................. 1, 775 1,655 1,523 4,282 1,407 3,752 14,394 
General expense ................... 845 522 487 1,140 398 1,330 4,722 

25,005 15,426 14,391 33,791 11,796. 39,372 139,781 
Debit or credit to other divisions ... ................... +1,405 +415 -1,820 +2, 105 -2,105 . .............. 

'l'otal cost of power' delivered 
from new facilities ............. 25,005 16,831 14,806 31,971 13,901 37,267 139, 781 

Cost per ~lowatt-hour .......... $0.0093 $0.0113 $0.0107 $0.0082 $0.0068 $0.0073 $0.0084 . 
1930. 

Power (millions of kilowatt-hours): 
2, 5261 Delivered to division ............. 4,755 2,477 8, 781 3,606 3,567 30,712 

Generated by old plants .......... 797 417 361 I 2,296 553 1,121 5,547 

Delivered from new facilities .... 3,958 2,060 2,165 6,485 3,053 7,446 25,165 

Annual cost (thousands of dollars): 
Production cost, new plants ....... 36,360 18,085 18,440 . a49, 190 a 14,695 49,896 186,666 
Transmission cost .................. 1,882 2,807 2,072 4,851 1,563 4,160. 17,335 
General expense ................... 1,330 795 735 1,835 755 1, 700 7, 150 

39,572 21,687 21,247 55,876 17,013 55,756 211,151 
Debit or credit to other divisions ... .................... +1, 795 +535 -2,330 +5, 230 -5,230 .. ............. 

Total cost of P.~nyer delivered 
from new facll1tles ............. 39,572 23,482 21, 782 53,546 22,243 50,526 211,151 

Cost per kilowatt-hour .......... $0.0100 $0.0114 $0.0101 $0.0083 $0.0073 $0.0068 $0.0084 

a Includes a part of tho annual production cost of the Pittston plant. 



APPENDIX F. 
STEAM-ELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM. 

By HENRY FLOOD, jr., and others of the eng~eering staff. 

EXISTING PLANTS TO BE RETAINED. 

CAP A CITY AND PERFORMANCE. 

The principal factor in determining whether or not a given plant shall be incorporated 
in the sup·erpower system is fuel perforn1ance. Other factors, however, are strategic location 
for regulation of voltage and the adaptability ·of the plant to expansion. The total effective 
capacity to be retained, as shown by Table 78, is 79 per cent of the total effective capacity of 
the steam-electric plants on December 31, 1919. 

TABLE 78.-Capacity and performance in 1919 of steam-electric plants to be retained in the superpower system. 

Effective Output Fuel used E/Tectivo Coal used per 
kilowatt-year 

Division. capacity (millions of (thousands capacity of efl'ectlve kilowatt- of short factor (kilowatts). hours). tons).- (per cent). capacity 
(short tons). 

Bituminous coal plants: 
Eastern New England ......................... 514,580 1,290.4 1,318.5 28.6 2.56 
Western New England ....................... 171,800 294.4 330.8 19.5 1. 93 
Mohawk ...................................... 31,750 21.1 52.0 7.6 1. 64 
Hudson ..................................... 14,000 33.1 45.5 26.8 3.25 
Metropolitan ................................. 1,130,500 3,474.1 3,734.0 35.0 3.30 
Anthracite .................................. 48,000 164~3 234.9 39.2 4.90 
Southern ...........................•........ 632,800 2, 141. 3 1,887.9 38.6 2.98 

2,543,430 7,418. 7 7,603.6 '33;2 2.90 

Anthracite plants: 
Anthracite .................................. ll1, 500 480.2 979.5 29.1 8.78 
Southern .................................... 21,700 22.0 44.3 11.5 2.04· 

133,200 502.2 1,023.8 42.8 7.68 

Grand total ........................... · .... 2,676,630 7,920.9 8,627.4 33.8 3.23 

Figure 26 shows the estimated average fuel performance during 1919 of plants using anthra
cite and bituminous coal. The plants to be retained that burn bituminous c~al are those that 
use not over 50 per cent more than the plants of type B-3 (seep . .185) and those to be retained 
that burn anthracite are those that use not over 125 per cent more coal than the plants of type 
·A-3 (seep. 185). · 

ESTIMATED INVESTMENT COST. 

In 1919 there were in operation in the superpower zone 400 steam-electric public-utility 
plants. Most of these plants were built so long ago that their cost can not readily be estimated. 
A knowledge of the investment made in existing plants is required for the purpose of com
puting the fixed charges and the total cost of energy. In comparing the total cost of power 
produced under a superpower system with the cost of that produced under independent operation 
the investment cost for each element of both systems must be computed in the same manner. 
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Figure 27 shows the estimated unit investment cost required for effective plant capacity 
and for excess generator capacity. Many of the existing plants have insuffi.cien~ boiler capacity 

· fqr the entire prime-mover installation, so that 
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it is necessary to estimate the cost or excess 
·generator capacity. These estimates are the 
result of an examination in detail of the items 
of cost of plants having capacities between 500 
and 175,000 kilowatts. To insure the use of 
fair cost values authorities on this subject 
have been consulted freely. 

The estimated cost of constructing, in mid
year of 1919, the steam-electric. plants to be 
retainecl in the superpower system is as follow~: 
Eastern New England .............•.•........ $66,235,000 
Western New England..................... 24, 550, 000. 
Mohawk.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 030, 000 
Hudson................................... 2, 170,000 
Metropolitan ............................... 129, 105,000 
Anthracite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22, 586, 000 
Southern ......... ~........................ 79, 543,000 

Superpower zone ..................... 329, 219,000 
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FIGURE 26.-A verage performance of e.....:isting steam-electric plants to be FIGURE 27 .-Estimated unit investment for existingsteam-electricplants 
retained in the superpower system. as if constructed in midyear of 1919 . 

. ESTIMATED ANNUAL PRODUCTION COST. 

The :fi..xed charges for the plants to be retained, computed at 16 per cent of the investment 
cost giYen above, are stated below. (See also Appendix L.) The cost ill 1919 for maintenance, 
labor, and supplies has been used, and the cost of coal as given in Appendix J. 
Eastern New England ....................... $10, 606,000 Anthracite................................ $3, 614,000 
Western New England..................... 3, 928,000 Southern.................................. 12, 662, 000 
:Mohawk.................................. 805,000 
Hudson._._ ................ ~.............. 348, OOO Superpower zone..................... 52, 620, 000 

MetJ.·opolitan ............................. ~. 20, 657,000 , 
Figures 28 and 29 give the average production cost of all existing steam-electric plants to 

be retained in the superpower system, and in Table 79 the operating cost, fixed charges, and 
total production costs of these plants are compared to the estimated annual cost of base-load 
steam-electric plants. 
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FIGURE 28.-Estimated average production and operating costs for ex
isting steam-electric plants burning bituminous coal to be retained in 
superpower system. Coal figured at $5.30 per short ton in bunkers. 

FIGURE 29.-Estimated average cost of production and operation for ex
isting steam-electric plants burning anthracite to be retained in super· 
power system. Coal figured at ~3 per long ton. 

TABLE 79.-Costs for new and retained steam plants, at an annual capacity factor of 30 per cent, in cents per kilowatt-hour. 

Plants burning bituminous coal: · 
_ Existing plants retained .... _ ................ _ ............ _ ..... _ ..... _ ..... ____ _ 

Base-load plants .. ________ . _________ . ____ ... __ ._ .. ___ . ___ .... _ .. ___ . ___ . ______ . 

Difference ....... -........ --.--- .. -----.------,-------------------·---·-------

Plants burning anthracite: 

Operating Fixed 
cost. charges. 

0. 77 
. 49 

. 28 

0. 73 
. 59 

.14 

Existing plants retained .. _. ___ ... ___ ._ .. __ .... __ .. _ . ______ .... __ . ____ . __ . ___ .. _ _ l. 00 . 87 
. 65 Base-load plants._ ... ___ . ____ . ___ .... __ ..... _ ... __ . ____ ... _ ...... _. __ . __ . __ .. __ . 42 

Total _Pro
ductiOn 

cost. 

l. 50 
l. 08 

. 42 

l. 87 
l. 07 

l--------l--------:--------

_____ n __ iff_e_r_e_n_ce_._-_-_--_-_-_--_-_-_-_--_-_-_-_-_--_-_·_-_-_--_-_-_·_--_-_·_·_·_--_-_-_-_--_-_·_-_-_-·_-_·_-_·_·-_·_·_-_--_·_-_-_-_-·_-_-~---·-5_8~------~~l ____ .8o 

NEW BASE-LOAD PLANTS. 

LOCATION, CHARACTER, SIZE, AND DESIGN. 

The location of the new base-load steam-electric plants will be determined largely by the 
availability of condensing water and the convenience and cost of coal delivery and storage. 

Except as qualified by character of load and relation to existing hydroelectric and steam
electric plants, the new plants will be operated at high annual capacity factors. To provide 
flexibility in design and cost the plants will be constructed in multiples of 30,000 kilowatts and 
may therefore use single-cylinder turbines of 30,000 kilowatts or multiple-cylinder turbines of 
60,000 kilowatts. 

"' 
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The maximum size of steam-electric station has been fixed at 360,000 kilowatts. This 
limit has been determined by considering on the one hand the ability to transmit energy away 
from the plant and on the other the hazard incident to the possibility of destruction through 
unusual catastrophe. 

It is desirable t9 standardize as far as may be possible all the units or elements that enter 
into the construction of a plant, sueh us boiler equipment, turbines, transformers, and switch 
gear, in order to reduce the cost of maintenance, to obviate the need of carrying many small 
parts, and thus, by making quick repairs possible, to insure continuity of service. 

After consultation with many representatives ·of manufacturers of equipment and with 
designing and operating engineers, the following basic operating requirements for base-load 
steam-electric plants have been selected: 

Steam pressure at tmbine throttle, 300 pounds per square inch. 
Superheat at turbine throttle, 230° F. 
Final temperature at turbine throttle, 652° F. 
Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

These requirements have been thoroughly tried, and conformity with them should assure 
reliability of service. 

Base-load steam-elec.tric plants are of two general type§-type A, using anthracite, and type 
B, using bituminous coal. The two types in turn nave been subdivided into three classes
class 1, stokers, boilers, economioors, an~ air preheaters; class 2, stokers, boilers, and econo
mizers; chtss 3, stokers and 20-tube high boilers. The stokers for type A are chain grate; those 
for type B are underfeed. The relative performance of these types, the relative investments, 
a~d th_e relative production costs are discussed in the following sections of this appendix. 

The load to be carried on these plants will not. include sudden peaks of short duration. 
Such peaks as they will have to carry will be of long duration. Accordingly, a liberal boiler 
capacity has been planned for the turbines, ranging from about 4 kilowatts per boiler-horsepower 
for a plant of class 3 to about 4.65 kilowatts for a plant of class 1. The boiler plant can thus 
operate at a very high efficiency over the entire range of load. Plants of class 1 can carry 
about 175 per cent of their rating at normal loads and 215 per cent on sustained peaks; plants of 
class 3 can carry about 160 per cent on normal loads and 190 per cent on sustai~ed peaks. The 
boilei· ttnd stoker arrangement is so planned, however, that 300 per cent rating can readily be 
obtained if necessary for peaks of short duration. Large combustion chambers are ·used, 
3-! cubic feet per boiler-hors.epower having been allowed. 

Should the burning of pulverized or process fuels become profitable in conjunction with the 
production of power, it will be possible to install the necessary apparatus with little expense, 
as this contingency has been considered in designing the boiler plant. 

With 30,000-kilowatt turbines surface condensers having approximately 50,000 square feet 
of surface will be used. This amount of surfa~e may be varied at different localities because 
of local water conditions. Under average conditions of obtaining condensing water for the 
entire zone this amount of condenser capacity will be ample. 

Base-load stations will be located outside of congested centers of population. 
~ 

ESTIMATED PERFORMANCE. 

The estimated performance for base-load steam-electric plants is shown in Plate VIII for 
plants of types A-3, B-1, B-2, and B-3. 

It is not considered advisable to use pressures or temperatures higher than those indicated 
above, which are in successful use 'to-day, despite the fact that fuel ecoiwmy may be increased 
by higher pressures and temperatures. 

The estimate of the perform~tnce of plants of type A was based upon the use of NO; 3 buck-
wheat coal having approximately the following characteristics: 

~{oistu.re ....................................................................... per cent.. 10. 8 
Volatile matter ................................................................... do. . . . 4. 8 
Fixed carbon ...................................................................... do.... 71.6 
Ash ............................................................................... do.... 13.8 
British thermal units .................................................... : .............. 11. 500 
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The estimate of the performance of plants of type B was based upon the use of coal from 
the central Pennsylvania fields having the following characteristics: 

Moisture ........................... · ........... _ ................•..........••••• per cent. . 2. 5 
Volatile matter ....................................................... · ............ do. . . . 24. 6 
Fixed carbon ........................................................... ~ ........ do.... 66.0 
Ash ................................................................••............ do.... 7. 0 
British thermal units .............................................. ~ .................... 14, 100 

The curves in Plate VIII show two performances, one called "acceptance test conditions," 
·meaning the best possible performance that may be expected from the plant, and one called 

· "annual," meaning the performance con

' ...... 
......... 

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

r--
Tyl - e A-3 

sidered throughout a year. The "annual" 
performance was estimated according to actu81 
operating conditions, under which the boiler
room equipment can not be kept clean enough 
to :p1aintain test results, the turbines are 
lapped at about 75 to 80 per cent load to pro
tect service, the vacuum varies, inferior coal 
must be used at times, and the boilers are 
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CAPACITY IN THOUSANDS OF KILOWATTS banked wheu necessary. These actual oper-
FIGURE30.-Estimatedunitinvestmentcostofbase-loadsteam-electric ating COnditions have a large effect On 

plants burning anthracite. Based on prices prevailing in midyear of performance~ It is .Planned to operate the 
1919. Type A-3, chain-grate stokers and boiler:>.· 

. base-load plants with a uniform daily load 
by shifting the load swings either to the existing steam-electric plants or to such hydroelectric 
plants as may be found suitable for peak.:.load operation. On the assumption that the thermal 
efficiency will increase up to 1930 at the present rate the annual performance represented by 
these estimates is a fair average for expected performance between 1920 and 1930. 

UNIT INVESTMENT COST. 

The unit investment costs of plants of the several types- considered in figures 30 and 31 
are based on the prices of material and labor in the midyear of 1919. These costs will provide 
sufficient land for a 3807000-kilowatt plant as , 130 

well as for coal storage and a process coal ~§ 126 

plant. The main coal-handling system and !r< 
~~ IZZ 

the main. intake and discharge tunnels are 1/)o 
n::t....IIS 

adapted to a plant having a minimum capac- :so 
_.o: 114 

ity of . 180,000 kilowatts. Intake and dis- g~ 
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charge laterals will be added to each unit as ~~ 110 

turbines are installed. The cost of a 60,000..; g~ 106 

kilowatt plant theref@re includes land suffi- 0 w eo 1oo 1zo 140 160 1eo zoo zzo z.40 z.so zao ,)()0 .1zo 340 360 
CAPACITY IN THOUSANDS OF KILOWATTS 

l , .. 

cient for its development to 360,000 kilowa,.tts FIGURE 31.-Estimated unit investment cost of base-load steam-electric 
and coal-handling f~cilities. and main ~On- plants burning bituminous coal. Based on prices prevailing in mid

year of 1919. Type B-1, underfeed stokers, boilers, economizers, and 
denser tunnels for its development to 180,000 preheaters; B-2, underfeed stokers, boilers, and economizers; B-3, 
kilowatts. underfeed stokers and boilers. 

Table "80 shows the estimated cost of three sizes and four types of base-load plants, including 
the cost. of superintendence, engineering, contingencies, and interest during construction. 
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'l'AnLg 80.-Estimated unit investment per kilowatt of capacity for base-load steam-electric plants in m,idyear, 1919. 

Typo or plant and capacity in kilowatts. 
Real estate Boiler Turbine Switching and sea-
sonal coal house, house, and Total. 
storage. complete. complete. reeders. 

Type A-3: 
120,000 ................... - -.............................. . $3.00 $47.65 $57.20 $7.39 $115.24 
240,000 ...................... -..... ~ ...................... . 2.10 44.34 56.79 7.37 110.60 
360,000 ....... · ............................................ . 1. 80 43.78 55.00 7.36 107.94 

'l'ype B-1: 
120,000 ..... · ............................................ '--- 3.00 50.10 57.20 7.39 117.69 
240 I 000 , . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · 2.10 46. 71 56.79 7.37 112.89 
360,000 ........ -........................... - .............. . 1. 80 46.13 55.00 7.36 no-. 29 

~I'ype B-2: · 
120,000 ................................................... . 3.00 47.45 57.20 7.39 115.04 
240,000 .. -.......................................... -..... . 2. 10 44.06 56. 79 7.37 110.32 
360,000 ................................................... . 1. 80 43.50 55.00 7.36 107.66 

Type B-3: 
120,000 ................................................... . 3.00 44.75 57.20 7.39 112.34 
240,000 ......................... -.......................... . 2.10 41.44 56. 79 7.37 107.70 

1. 80 40.88 55.00 7.36 105.04 
I 

360,000 .................................. - ................ . 

UNI';r PRODUCTION COST. 

Unit productio11 costs are subdivided into operating costs (fuel, :p1aintenance, labor, and 
supplies) and fixed charges. The costs of maintenance, labor, and supplies for plants using 
bituminous and anthracite coal, as shown in figure 32, have been determined by detailed analyses 
of the operations of the largest steam-electric plants in the superpower zone. 

The total production cost varies with the type and size of plant and the cost of fuel. Typical 
costs are shown by the curv.es in figures 33 and 34 for types B-3 and A-3. The cost of bitu
minous coal has been fixed at $5.30 per short ton 
delivered to the plant bunkers, this being the ~ 
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FIGURE 32.-Estimated annual cost of maintenance, labor, and sup 
plies for base-load steam-electric plants. Based on prices prevailing 
in 1019. 

FIGURE 33.-Estimated annual production and opemting costs for a plant 
· of type B-3, capacity 300,000 kilowatts. Fuel figured at $5.30 per short 

ton in bm1kers. 

$3 per long ton delivered to the plant bunkers, this being approximately the cost at the 
anthracite mines plus the freight charge. 

Greater fuel economy would be gained by installing plants of high efficiency, but such 
plants (of classes 1 and 2) cost more per unit, and ~nless the saving in operating cost is so great 
as to bring a large return on the additional investment their installation is not warranted. By 
taking a return of 30 per cent on the additional capital required for plants of classes 1 and 2 
over that required for plants of class 3 as the point where the installation of plants of classes 
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1 and 2 is justified, any notable change in conditions that may occur-such as a large reduc
tion in the cost of coal, the development of water power, or the development of much more 
efficient methods of power production-is largely discounted, for the additional investment will 
be counterbalanced in three or four years by the 30 per cent additional retu~n on it. 
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FIGURE 34.-Estimated annual production and operating costs for a 
plant of type A-3, capacity 300,000 kilowatts. Fuel figured at $3 
per long ton in bunkers.· 

FIGURE 35.-Conditions justifying the use of a plant of type .B-1 or 
B-2 instead of a plant of type B-3. Based on a return of 30 per 
cent on the additional it~vestment r~quired. 

The adoption of plants of different types at different locations has been decided according 
to the curves in figure 35. The authorities on this subject are of two schools, one advocating 
a lesser return and the other a greater return than 30 per cent. Figure 35, based upon a 30 per 
cent return, expresses the average opinion of these two schools. 

LOCATION AT TIDEWATER AND ON INLAND RIVERS. 

The new base-load steam-electric plants for the superpower system have been so located 
as to obtain full advantage of low freight rates, available coal-delivery routes, and ample 
condensing water. 

TABLE 81.-Location and capacity of new base-load steam-electric plants. 

Using bituminous coal: , 

Num
ber of 

plants. 

1925 

Capacity 
(kilowatts). 

Boston. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 270, 000 
New Bedford .............................................. · ........................... . 
Providence.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 180, 000 
New Haven......................................................... 1 210,000 
Hartford............................................................. 1 90,000 
Utica. " ...................... · .......... ;............................ 1 60, 000 
Catskill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 180, 000 
New York........................................................... 1 300,000 
Newark.............................................................. 1 90,000 
Trenton.............................................................. 1 90,000 
Philadelphia......................................................... 1 240,000 
Harrisburg ............. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 120, 000 

11 1, 830, 000 
Using anthracite: . 

Sunbury ........................................ ' ..................... . 1 240,000 
Pittston ........................................................... . 1 300,000 

Num
ber of 

plants. 

2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 

15 

1 
1 

1930 

Capacity 
(kilowatts) .. 

450,000 
120,000 
240,000 
270,000 
120,000 

90,000 
270,000 
570,000 
180,000 
120,000 
420,000 
180,000 

3,030,000 

300,000 
300,000 

Nescopeck ............ · .................................... · · · ·-.-- · · ___ 
1 
_____ 1 _--::--l---=-=~~ 1 150,000 

3 690,000 
1 300,000. 
3 900,000 

Grand total ...................................................... . 14 2,520,000 18 3,930,000 



STEAM-ELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM. 189 

Reference to Appendix E (pp. 164-166) shows that the cost of coal per ton delivered to these 
proposed new base-load steam-electric plants is lower than to either the steam-electric plants 
retained or to the electric public utilities for 1919. 

The plant locations for 1930 are sh.own on Plate X (p. 220) with reference to the coal-mining 
districts, the available coal-delivery routes, and the supply of condensing water. Their loca
tions with respect to the transmission system for both 1925 and 1930 are shown on Plates II 
and III (p. 14). 

For the Anthracite, Metropolitan, and Southern divisions the capacities of the steam
electric power plants have been so determined as to obtain the most economical combination 
with the hydroelectric plants on Potomac, Susquehanna, and Delaware rivers. Furthermore, 
the .diversity in demand existing between the Anthracite and the Southern and Metropolitan 
divisions has been considered in determining the capacity of the plants to be installed. 

It would have been possible to supply the sam~ amount of power from a smaller number 
of steam-electric plants having a capacity of about 300,000 kilowatts each, but in order .to insure 
continuity of service the plants have been more widely distributed at a slight increase of cost. 
However, with such a distribution of plant capacity future demand can be partly met by the · 
enlargement of these plants. 

The procedure to be adopted for the development of the hydroelectric resources of the 
zone has a very important bearing upon the amount of steam-:electric capacity to obe installed. 
For instance, in the Mohawk)Iudson division it is proposed to start the development of Hudson 
River on the assumption of a high load factor, steam-electric plants being used to carry the 
peak load. This plan calls for the early instaJlation of a relatively large amount of new steam
electric capacity for that division. I-Iowever, when power from St. Lawrence River is supplied 
to this division the economical procedure will be to continue the development of Hudson River 
to handle peak loads and to install practically no further steam-electric capacity until the ulti
mate limit of development of St. Lawrence and Hudson rivers has been reached. 

PLANTS IN THE MINING REGIONS. 

The development of elec~ric power within the coal regions is justified when the freight 
charges on t.he coal to the points of consumption are greater than the value of the electric 
energy lost in t~ansmission plus the fixed and operating charges on the transmission system, 
allowance being made for the saving in capitalization on generating equipment that will be 
permitted by div~rsity in loa\ds between the interconnected load centers. 

ANTHRACITE FIELDS. 

SIZE AND QUALITY OF ANTHRACITE. 

Investigation shows that buckwheat No. 3· is the most economical size of anthracite for 
use on the stokers of superpower plants. The firing of powdered anthracite is being developed 
but has not yet been brought to the commercial stage. The quality of anthracite from dif
ferent mines varies, especially as to its ash content. Improved boiler efficiency justifies the 
cost of ash removal by washing down to a content of about 15 per cent. The performance 
of steam-electric plants using anthracite is based upon coal having the following analysis: 
Moisture 9.8 per cent, volatile matter 4.6 per cent, fixed carbon 71.6 per cent, ash 13.8 per cent, 
British thermal units 11,500. 

QUANTITY OF ANTHRACITE AVAILABLE. 

Doubtless the peak of productiqn of anthracite was reached during the World War, the. 
output from the mines during that period being reinforced by washeries which reclaimed great 
quantities of the finer sizes of coal from culm banks. Most of the coal of size No. 3 has now 
been removed from the banks. There is no indication, however, that there will be any con
s'iderable falling off in the prod~ction of freshly mined coal for many years, and there is no 
reason for any appreciable change in the ratio of the smaller sizes to the total output. The 
statistics of the last few years are therefore a reliable indication of the quantity of buckwheat 
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No. 3 available for many years. The table given below is taken from a report of the United 
·States Geological Survey on the production of Pennsylvania anthracite in 1919, by F. G. Tryon, 
supplemented by data obtained from the Anthracite Bureau of Information. The figures in 
the last column are a close approximation of the total output of buckwheat No. 3, for although 
no complete records are available upon the size of the fuel used by the mines, data obtained 
from individual mines indicate that it is almost exclusively buckwheat No. 3. 

TABLE 82.-Anthracite produ.ced in 1916-1919, in long tons. 

-

I 
Mine fuel used Mine fuel used Buckwheat Buckwheat 

Year. Total. for power and for power. No.3 sold. No.3 
heating. a produced.b 

1916 ............................................ 78,195,083 8,715,071 7,933,120 3,326,879 11,259,999 
1917 ............................................ 88,939,117 9,321,965 8,432,573 3,136,337 11,568,910 
1918 ............................................ 88,237,526 9,128,526 8,246,151 5,174,403 13,420,554 
1919 ...... · ...................................... 

<> 
78,653,751 8,573,580 7,787,043 2,377,000 10,164,043 

a Probably almost exclusively buckwheat No. 3. b Determined by assuming that all the mine fuel used for power is buckwheat No. 3. 

Estimates of the future supply of buckwheat No. 3 will show some reduction from the above 
· figures, whigh include coal from washeries. Tryon in the ·report cited above states that 

1,650,000 tons of freshly mined buckwheat No. 3 was sold and 7,721,545 tons of freshly mined 
fu~l was used for mine operations in 19l9. It is estimated that the annual production of this 
size for the next 10 years should average about 9,000,000 tons. 

If all the mines are electrified, the coal thus released will be sufficient to serve all the demands 
for power at the mines and in addition to operate at their full capacity all the public-utility 
plants that now serve New York City, New .Jersey, and the Philadelphia district. 

POSSIB~E SITES IN THE ANTHRACITE REGION. 

The following streams within the anthracite region have been investigated with reference 
to their suitability for supplying condensing water: Portions of Susquehanna, Schuylkill, Lack
awanna, and Lehigh rivers; Shamokin, Mahonoy, Mahantangn, Wiconisco, Wapwallowpen, 
Nescopeck, Catawissa, and Roaring creeks. All except the Susquehanna have been eliminated· 

· because of low flow, contamination, or both. ·Three sites on Susquehanna River are suggested
one north of Pittston, one near tP,e mouth of NescopeckCreek, and the third south of Sunbury. 
At each of these points the water conditions are favorable for ·a 300,000-kilowatt plant. An 
adequate supply of suitable coal can be obtained within a radius of 25 miles. The length of 
haul is a minimum at Pittston. 

COS.T OS ENERGY FROM PLANTS IN THE ANTHRACITE REGION. 

Appendix E shows that by 1930 the total energy requirements of the Anthracite division 
. should reach 3,606,00Q,OOO kilowatt-hours, corresponding to a maximum demand of 785,000 
kilowatts. The. total generating capacity of the public-utility companies now serving the 
division is 230,000 kilowatts. Minimum operating cost would be obtained by carrying the 
entire load from the superpower system, but in order to conserve c.apital the more efficient of 
the present plants will be retained. · 

The sizes of the plants and their location in the Anthracite division, together with their 
relation if interconnected with Delaware River, are discussed in Appendix E .. The combination 
of the plants in the coal-mining region with Delaware River shows the greatest economic possi
bility to the AnthraQite, ·Metropolitan, and Southern divisions. In view of the fact that the 
Anthracite division load reaches a maximum in the morning and falls off :r:apidly after 3 o'clock 
in the afternoon, there is considerable diversity hetween this load and the loads in adjacent 
territories. Furthermore, the anthracite mines operate on an average only 225 days in the year, 
ao there is further diversity between the mines. If there were an interconnected system between 
the Anthracite and the other divisions considerable off-peak capacity would be available in 
the Anthracite division for supplying power to the Metropolitan and Southern divisions. 
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BITUMINOUS COAL FIELDS. 

GENERAL CONDITIONS. 

On account of the adequate stream flow· and the proximity of the Anthracite division to 
the superpower zone, steam-electric power in tha~ division is an economic possibility. These 
favorable conditions, however, do not prevail in· the bituminous coal region, nor will the power 
requirement of the 'southern load centers by 1930 be sufficiently high to permit the economical 
transmission of power from the bituminous coal fields. 

POSSIBLE SITES IN THE BITUMINOUS COAL REGION. 

Only three large streams flow from: the eastern slope of·· the Allegheny Mountains-the 
West Branch of th~ Susquehanna, the Juniata, and the Potomac .. The highest point on Sus
quehanna Riyer deserving consideration in this connection is at Keating, where Sinnemahoning 
Creek joins the river.· This point is about 20 miles from the Clearfield district, the nearest 
locality at which an adequate supply of coal can be obtained. The flow at Keating derived 
fron1 stream-flow records at Renovo indicates that the output during dry periods would be 
limited to less than 100,000 kilowatts. 

Below the junction of the Frankstown and ·Raystown branches of Juniata River, near. 
Huntingdon, the water supply is. insufficient for a plant of a capacity exceeding 180,000 kilo
watts. At either Huntingdon or Mount Union railroad facilities are available for obtaining 
coal from. the Broad Top field with a maximum haul of 30 miles, and the distance from Hunt-
ingdon to the Philipsburg district is 45 miles. . 

The West Branch of Potomac River reaches the coal fields near Cumberland,' Md: :At 
this point the local power company has a steam plant whose ultimate capacity is limited by 
the supply of water to about 30,000 kilowatts. About 30 miles below Cumberland, near Green 
Spring, the South Branch· adds a large volume of water, which will permit increasing the 
capacity to 180,000 kilowatts. 

A condition precedent for the economical transmission of power to tidewater is a capacity 
for delivered power of about 300,0.00 kilowatts, with transmission at a very high load factor. 
Sufficient condensing water is not available for the production of this amount of power on any 
o:f the streams in the eastern bituminous coal region. This fact, however, does not preclude the 
future development of power capacity with proper regulation of these rivers by storage. On 
Potomac River hydroelectric developments are contemplated at Great Falls, near Washington,· 
which involve controlling the river flow by means of large reservoirs on the South Branch. 
When this plan is carried out the stream flow at the proposed site will be adequate for a 300,000-
kilowatt steam plant. Coal for such a plant would come largely from the Georges Creek field, 

· with an average haul of about 35 miles. 
1 

. 

Ultimately steam-electric power plants may be profitably developed at sites near the 
bituminous mines, especially after, the electrification. of railroads has been extended sufficiently 
t.o create considerable demand for power within economical transmission distances from these 
sites. 

' 



APPENDIX G.' 

HYDROELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM. 

By L. E. IMLAY, L.A. WHrTsrT, B. J. PETERSON, and others of the engineering staff. 

THE USE OF HYDROELECTRIC PLANTS. 

The installation of hydroelectric plants is justified where the interest on the investment 
plus the cost of operation amounts to less than that for steam-electric plants, so that the eco
nomical proportions of water and steam development must depend upon the cost of money, 
coal, and labor. · 

Hydroelectric plants can be classified as of three types, the type depending upon the 
character of the stream flow, namely: 

1. Uniform stream flow by which the output may be maintained for 24 hours a day. 
2. Variable stream flow without storage. A hydroelectric plant· of this type is especially 

useful in a large interconnected system, but less so if it supplies a single system, for then the 
economical use of water is. most difficult, if not impossible. The flow curve of such a river is 
as clearly defined as the load curve of the power market, and evidently power must be wasted 
unless either the load curve of the market is coincident with the flow of the river or the market 
load is sufficiently large to absorb the entire hourly output of the plant. It is obvious that 
the loa~ of a large intercqnnected system can absorb the hourly output of a plant of this type. 

3. Variable stream flow with storage, which provides water for carrying peak loads. The 
m~mum attainable load facto~ for the superpowe~ system· will probably be 50 per cent. 
With such a lo~dfactor 14 per cent of energy· (in kilowatt-hours) will carry a 50 pe:r cent pe.ak 
load· (in kilowatts). It is therefore apparent that the yalue of ·water storage will lie in the 
utilization of the stored kilowatt~hours for carrying peak load, inasmuch as, after the dam and 

. he~d works of the hydroelectric plant have been installed, the investment in generator capacity 
is but halfas much as that for a complete steam-electric plant. In other words, stored water 
~4ould be held in reserve for peak load. 

I 
POTENTIAL HYDROELECTRIC DEVELOPMENTS. 

GENERAL CONSIDERATIONS. 

· · The investigation of potential hydroelectric development is limited to the major hydro
electric resources of the superpower zone and to such outside sources of hydroeiectric energy 
as: may .be reasonably· expected to ·contribute to. it. The principal rivers involved are the 
Potomac, Susquehanna, Delaware, Hudson, Black, Raquette, Connecticut, St. Lawrence, and 
Niagara. (See Pl. IX.) The Niagara at Niagara Falls contains the largest single potential 
hydroelectric power development on the North American continent. It is within transmission 
distance of the superpower zone, but its development beyond what is already provided for is 
prevented for an indefinite time by international treaty. All the power resources of the zone 
are· not included in these studies, those below 5,000 kilowatts in capacity being disregarded 
except where contiguous sites of smaller capacity aggregate more than that amount. These 
small powers will be developed as local conditions warrant, and the plants will be connected to 
the superpower system through the facilities ·of the electric public-utility companies. The 
superpower system will permit the earlier construction of the .smaller plants by providing a 
market for energy not required locally. · 
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PRIXCIPAL HYDROELECTRICAL RESOCRCES OF Sli'PERPPOWER ZONE 

POTOMAC RIVER. 

Powersite. 
] . Great Falls. 
2. Chain Bridge. 

Reservoir site. 
A. South Branch. 
B. Great Cacapon. 
C. Shenandoah River . 
D. North Fork of Shenandoah River. 
E. Great Falls. 

SUSQUEHANNA RIVER. 
1. Conestoga . 
2. Holtwood. 
3. Conowingo. 
4. Port Deposit. 

DELAWARE RIVER. 

1. Upper Hankins 
2. J,ower Hankins. 
3. Callicoon. 
4. Upper Narrowsburg. 
5. l,ower Narrowsburg. 
6. Wullenpaupack. 
7. Barryville. 
s. Upper Shohola. 
9. Lower Shohola. 

10. Knights Eddy. 
11. :Mongaup. 
12. Hawks Nest. 
13. Milford. 
14. Dingmans Ferry. 
15. Wallpack. 
16. Belvidere. 

A. Cannonsville. 
.B. Hancock. 
C. Ea.st Branch. 
D. Cadosia. 
E. Livine-ston l\Janor. 
F. Walle'l1paupack. 
G. Shohola. 
H. Mongaup. 

HUDSON RIVER. 

1. Indian River. 
2. Dunk Pond. 
3. Upper Kettle Mountain. 
4. Lower Kettle Mountain. 
5. Upper North River. 
6. Lower North River. 
7. Huckleberry Mountain. 
8. Mill Creek. 
9. The Glen. 

10. Millington Brook . 
11. Thurman. 
12. Sacandaga. 
13. Hadley. 
14. Palmerton Mountain. 
15. Alder Brook. 
16: Waterford. 
17. Troy. 
18. Warrensburg. 
19. Blackbridge. 
20. Piseco Outlet. 

A. Indian River. 
B. Schroon Lake. 
C. Sa.candaga. 
D. Piseco. 

BLACK RIVER. 

1. High Falls. 
2. Soft ·Maple Dam. 
3. ~loshieo Creek. 
4. Fowlersville. · 
5. Froth Hole. 
G. :Moose River. 
7. Lower McKeever. 
8. Minnehaha. 
9. Nelson Lake. 

10. Leyden Bridge. 
J 1. Forestport. 

A. Beaver Lake. 
B. Stillwater. 
C. I. .. ake Lila. 
D. Middle Fork. 
E. Panther. 
F. Higley Mountain. 
G. Hawkinsville. 
R. Forestport. 

RAQUETTE RIVER. 

1. Raymondville. 
2. East Norfolk. 
3. llewittville. 
4. Lower Hannawa Falls. 
G. 'Gpper Hannawa Falls. 
6. Higley Falls. 
7. South Colton. 
8. Gaintwist Falls. 
9. Little Falls. 

10. Blake. 
11. Stark. 
12. Halls Rapids. 
13. Jamestown Falls. 
14. )loosehead Rapids. 
J5. Piercefield. 

A. Piercefield. 
B. Oxbow. 

COXXECTICIT RIVER. 

1. Fll1:een :Mile Falls. 
2. Piermont. 
3. Quef'hee Falls. 
·1. Bello-v.-s Falls. 
5. Windsor Locks. 

633fW-21. 1. To face page 192.; 
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The following table gives a general idea of the characteristics that affect the availability 
of the rivers for power: 

TABIJE ·83.-Characte:ristics of rivers that may furnish power in the superpower zone. 

Natural 
run-off 50 

Lowest 
Possible 

per cent of continuous Total Fall avail-the time recorded rro!af~d qr=~~:ge able for 
River. Point of record. in year daily power de-of average rnn-off average (square velopment stream (second- year 

flOW· feet). (second- nnles). (feet). 
(second- f(let). 

feet). 

Potomac· ....................... Great Fallt~a ..................... 6,500 660 7,650 11,500 215 
Susquehanna .................. Harrisburg ..................... 19,500 2,000 . .............. 24,100 220 
Delaware ....................... Port Jervis.~ ..... " .............. 3,100 175 4,600 3,100 600 
Hudson .......... · .............. Spier Falls ...................... 3,000 

. ~~~ 4,200 2,800 1,500 
Raquette ....................... Piercefield ........ · ............. 900 1,430 ... 723 ~360 
Connecticut ......... ~ .......... Sunderland .................. · .... 8,160 c 1, 3::\0 . ............. 8,000 378 
St. Lawrence .................... Lock23 ............. : ....... ~--- 235,000 e182, 000 .. ........... 285,000 85 
Niagara ......................... .............................................. 212,00? .170, 0~0· ............... 254,700 310 

a Flow at Groat Falls determined from record<> of flow of Potomac River at Point or Rocks, Md., and Monocacy River near Frederick, Md. 
b Stream flow atToctod by operation of power plant. . 
c Mm•n of low week September, 1894, determined from records of flow at Holyoke. Flow somewhat affected by existing plants. 
d Net head used in report. · · 
e Mean for January, 189::1. ' 

All these streams except the St. Lawrence and Niagara· rise in the Appalachian Mountains. 
The fall indicated as available for power development in most of the rivers is but a small fraction 
of the total fall. The developments proposed are· practi<?al, 

The following table indicates the hydroelectric power resources that are considered econom-
ical for supplying the energy requirements .of the superpower zone ih 193~: · 

TABLE 84.-Hydroelectric power resources for 1930. 

River. 

Poton1ac .............. · ............................................... . 
Susquehanna ........................................................ . 
Dela,vare ............. · ................................................ . 

6~~;~~ti~~;i::::. ·.::::::::::::: :·::::::::::::::::::::::::::::::::::::::: 

I 

Econom-
Num- Primary 24-hour ~ower ical devel-
bor of power (k 1 plants. (kilowatts). i owatt-_. purs). opmen t 

(kilowatts). 

2 34,500 302,000,000 
2 18, 000 158; 000, 000 

12 82,000 717,000, 000 
14 68, 000 . . 595, 000, 000 
. 4 29,000 254,000,000 

200,000 
185,000 
350,000 
150,000 
165,000 

The quantity of water available for the production of power at the several sites was deter
mined from stream-flow measurements made by the Uni

1

t~d ·states Geological Survey or by the 
State governments. The period of record used for' most of the power estimates was 15 years 
and extended from October 1, 1904, to September 30, 1919. The p:Ower and reservoir sites were 
located. from State reports, reports of private engineers, topographic drawings, and personal 
investigation by the engineering staff. Stream-flow and pow~r-duration curves for reservoir 
and power sites were plotted for average and minimum years: 

Develop1nent of primary power on all the str_eams under consideration, except the Niagara 
and St. Lawrence, involves the provision of large storag~-reservoir capacity. There must be in 
addition ample forebay capacity at each power plant for peak-load operation. The construction 
of hydroelectric plants for base-load operations results in the lowest investment and production 
cost, and additional capacity for peak-load operation is obtained. at about one-half the cost
of an equivalent amount of steam-generating capacity. 

The developments proposed in the estimates for 1925 <and .1930 c,an ~e justified only if they 
are included in an interconnected system, as otherwise their output can not be economically 
absorbed by the power market. · 
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For the rivers that are not included in the 1921-1930 program estimates are given showing 
the· resources that can be developed in average years, together with the investment and pro
duction costs. 

At practically all sites where hydroelectric plants· are designed for peak-load operation 
there are considerable periods during each year when there is sufficient water to generate energy 
in excess of peak-load requirements. . At such times the hydroelectric plants will be operated at 
full capacity, thus saving coal that would otherwise be burned in the steam plants of the system. 

The recommended capacity for most of the proposed hydroelectric plants is larger than 
has been recommended in the past for use with individual electric public-utility systems. This 
is possible only through the interconnected system, which permits full advantage to be taken 
of peak-load development and of secondary power from hydroelectric plants. 

In estimating the over-all effi'ciency of hydroelectric plants 80 per cent has been taken as 
the combined efficiency of turbines, generators, and auxiliary equipment and is applied to the 
net operating head between forebay and tail race. 

POTOMAC RIVER.· 

The Potomac rises in the mountains of West Virginia and flows into Chesapeake Bay. It 
is not regulated to any appreciable extent, and the flow at Great Falls ranges from 653 to 248,000 
second~feet and averages 11~900 second-feet. The drainag'e area is 1~,500 square miles, and the 
annual rainfail . is between 35 and 40 inches. 
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FIGURE 36.-Estimated power available from proposed hydroelectric de- FIGuRE <.7-.-Estimated power available from proposed hydroelectric de
velopment of Potomac River for 1925. Total power, average year, velopment of Potomac R1ver for 1930. Total power, average year, 
634,000,000 kilowatt-hours; mmimum year, 480,000,000 kilowatt-hours. · 950,000,000 kilowatt-hours; minimum year, 725,000,000 kilowatt-hours. 
Power site 1 (Pl. IX). · Power sites 1 and 2 (Pl. IX). 

There are sites avai).able for storage reservoirs on Great Cacapon River, a tributary stream, 
where the capacity is 15.6 billion cubic feet; orl North Fork of Shenandoah River near Brocks 
Gap, where the capacity is 4.8 billion cubic feet; farther downstream on Shenandoah River, 
where the capacity is 11.2 billion feet; and on the South Branch of the Potomac near its junction 
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with the main river, where the capacity is 20.2 billion cupic feet. Furthermore, the dam at 
Great Falls will provide a combined storage reservoir and forebay with a capacity of 13.1 
billion cubic feet, making a total storage capacity of 65 billion cubic feet. · 

The most favorable locations for power development are at Great Falls and Chain Bridge, 
where, by the construction of two dams, a head of 215 feet may be utilized. · (For duration of 
flow expressed in kilowatts at these power sites see figs. 36 and 37 .) The following table gives 
the essential data on this project, which includes the two plants, with necessary reservoir 
capacity: . · 

TABLE 85 .-Po'Wer development on Potomac River. 

Proposed development. 

1925 

Reservoir capacity ................................ billion cubic feet .. 13.07 
Operating head ............................................... feet .. 139.5 
Installed generator capacity .•.•.•........................ kilowatts .. 125,000 
Output: 

634,000,000 Aye:age year_ ....... ~ ........................... kilowatt-hours .. 
l\11n1mtm1 year ........... : ............................... do .... 480,000,000 

Investinent cost ................................................ , ... $15,000,000' 

Annual production cost .............................................. $2,165,000 
General expense ........................................... _ ._ ....... 75,000 

Total annual cost ....................... · ..................... 2,240,000 
Time required to complete ................................... years .. 2 

SUSQUEHANNA RIVER. · 
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The Susquehanna has its headwaters in 
southern New York and in the highlands of 
northwestern Pennsylvania and empties into 
Chesapeake Bay. The drainage area above 
I-Iarrisburg is 24,100 squ~re miles, and the 
flow at that point ranges from 2,000 to 
700,000 second-feet and averages 19,500 sec
ond-fe·et. The average ann.ual rainfall on the 
area is 40 inches. In the lower 35 miles. of 
the course of the river there is a fall of 220 
feet so distributed that most of it may be 
utilized for power at four points-Conestoga, 
Holtwood, Conowingo, and a point about 2 
miles above Port Deposit. · T4ere is already 
a power plant at Holtwood, which may be ad
vantageously enlarged when the demand for 
power justifies it. (For duration of flow ex
pressed in second-feet per square mile at 
Harrisburg, see fig. 38.) 
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The Susquehanna has no favorable sites 
for storage reservoirs and therefore must be 
developed for." run of river" power. Power 
development at the Conowingo site is .ham
pered by the fact that the railroad parallels 
the stream just above high-water level, and 
thus large expenditure would be required for 
relocating railroad tracks. 

0.2 - --
The following table gives the data on de

velopment of the river at the four points 
above mentioned: 
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FIGURE ~8.-Curves showing duration of flow or Susquehanna River P.t 
Harrisburg, Pa. Drainage area, 24,100 square miles. 
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TABLE 86'.-..Power development on Susquehanna River. 

Total operating head, including Holtwood ....................... feet .. 
Installed new generating capacity ........................ kilowatts .. 
Output: 

Average year ... _. ______ .... · .................... kilowatt-hours .. 
Minimlllll year ......... _ ................................. do ... . 

Inv:estment cost ................................................ - ... . 
Annual product"ion cost .... _ ...................................... . 
General expense .................................................. . 

Total annual cost ................. ~ ......................... . 
Time required to complete .... ·: ....... _ ........ ; .. _,.=-- .. -~ ... years .. 

DELAWARE RIVER. 

The headwaters of Delaware River are in the Catskill Mountains, and it empties into Dela
ware Bay: The drai:Q.age area above P_ort Jervis is 3,100 square miles, and the natural stream 
flow at that point ranged from 175 second-feet 
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in September, 1908, to a maximum of 108,000 
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annual rainfall on the area is about 40 inches. · , 2eo.ooo 
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FIGURE 39.-Estimated power avallable from proposed hydroelectric 
development of Delaware River for 1925. Total power, average year, 
850,000,000 kilowatt-hours;. minimum year, 650,000,000 kilowatt-hours. 
Reservoir A (Pl. IX), 12 billion cubic feet. Power sites 6 (storage 7.5 
billion cubic feet), 7, 10, 12, 13, 15, 16 (Pl. IX). 

FIGURE 40.-Estimated power available ·from proposed hydroelectric 
development of Delaware R-iver for 1930. Total power, average year, 

·1,250,000,000 kilowatt-hours; minimum year, 1,030,000,000 kilowatt
hours. Reservoirs A (Pl. IX), 12 billion cubic feet; B, 5 billion cubic 
feet; D, 8 billion cubic feet; E, 3 billion cubic feet. Power sites 1, 2, 4, 
5, 6 (storage 7.5 billion cubic feet), 7, 10, 12, 13, 14, 15, 16 (Pl. IX). 
Total storage 35.5 billion cubic feet. 

Between Hancock and Belvidere, a distance of 125 mil~s, ·there is a fall of 600 feet. The develop
ment proposed is to be effected by means of a series of dams, each of which will back up the 
water to the,next site above. It is proposed ultimately to develop 12 sites on the main river, 
one on Wallenpaupack Creek,· one on Shohola Creek, and one on Mongaup River. On the 
Delaware .also power development is hampered by the presence of railroad tracks along the 
banks of the stream, but in the proposals for development th~ height of dams has been restricted 

• 



• 

:S:YDROELECTRJC PLANTS FOR THE SUPERPOWER. SYSTEM. . . ·· .. · : .:t . 197 

so that only at one site will the grade of the railroad have to be changed. The power plants on 
the Delaware will be located at the dams, but for those on the three tributary streams tunnels 
will be required. · 

Owing to the wide variation in the flow of this river storage re~ervoirs ~ill be absolutely neces
sary in its development. There are a number of favorable sites; on the east and west branches 
above Hancock, and also one on each of the tribu.tary streams on which developments are pro
posed. A capacity of 50 billion cubic feet can be provided in eight reservoirs, which are shown 
on Plate IX. Practically all the sites have a forebay capacity which will enable the plants to 
be operated on peak loads at a low capacity factor. (For duration of flow expressed in kilo
watts at these power sites see figs. 39 and 40.) 

The following table gives the data on development of Delaware River and its tributaries: 
I. 

TABLE 87.-Power development on Delaware Ri1;e1'. 

Proposed development'. 
-----~----~! Possible ultimate 

development. 
1925 1930 

Reservoir capacity .............................. billion cubic feet.. 19. 5 35.5 50.0 
Total.operatmg head, Delaware RIVer ............. ! ......... feet.. 279 453 471 
Head on Wallenpaupack Creek ............................ do.... 280 280 280 
Head on Shohola Creek ..................................... do.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 580 
Head on Mongaup River .................................... do ................... ~.............. 430 

• Total installed generator capacity ...................... kilowatts. . 183, 000 350, 000 668, 500 · 
Output: · . 

A -ye:age year .................................. kil~watt-hours. . 850, 000, 000 1, 250, 000, 000 l, 490, 000, 000 
M1mmum year .......................... i ............ . do.... 650,000,000 985,000,000 1, 210,000,000 

Investment cost ............................ · ..................... 
1
==$:::;:25;::'::::7::;:::00;=:,::::;;:0::;:::00==l;=$'=;;5c::::1=, 5:;::;:0:::;:0'=:;, O;::::::O:::;:O=I==$~8::;;6:::, 5:;::;:0:::;::0:::, 0:;::;0:::;::0 

Annual production cost........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $3, 730, 000 $7, 450, 000 $12, 630, 000 
General expense.................................................. · 130, 000 . 260, 000 440, 000 

Total animal cost ........................................... 1--3-,-8-60...:.,-0-00-1--.__;7_, 7_1_0:..., 0_0_0_, ___ 1-:o3-, 0-7-:oO.;_, 0:-:0-::-0 
Timerequiredtocomplete ........ : .......................... years.. 2 2 4 

-HUDSON RIVER. 

H"Q.dson River rises in the Adirondack Mountains and empties into the Atlantic Ocean at 
New York. The drainage area at Spier Falls is 2,800 square miles and at Troy 8,100 square 
miles. The stream flow at Spier Falls ranged froii,l 660 second-Ieet, . the mean for the low 
week in September, 1913, to 84,206 second-feet in' March, 1913. · The_,average annual rainfall 
on the area is about 45 inches. There is a gross fall of 975 feet between··ort Falls and Hadley. 
A large number of hydroelectric plants h~ve been built on the' Hudson, and complete develop
ment would involve about 16 new plants a1,1d reconstruction or-replacement of 14 existing plants. 
(For duration of flow expressed in kilowatts at these power sites see figs. 41 and 42, p. 198.) 

There are four available storage reservoir sites-Lake Piseco, 4.3 billion cubic feet; Sacan
dagu River at Conklingville; 37 billion cubic feet; Schroon Lake at Alder Brook, 12 billion cubic 
feet; and'Indian River ~\t Bullhead Pond, 10 billion cubic feet; total, 63.3 billion cubic feet . 

. . - TABLE- 88.-Power development on Hudson River. 

Proposed development. I Poss1ble ultimate 

I development. 
1925 1930 

Reservoir capacity ............................. billion cubic feet .. alQ alQ a 63.3 
Installed generator capacity ............................. kilowatts .. 100,000 150,000 430,000 
Output: 

Average year .................................. kilowatt-hours .. 380, 000, ooo I 900,000,000 1,560,000,0QO 
Minimum year ........................................ do ... ·. 330,000,000 800, ooo, ·ooo 1,370,000,000 

Investment cost ................................................. $20, 124, 000 I $38,350,000 $74,384,000 
Annual production cost ................................ , ........... $2,815,000 $5,250,000 $10,520,000 
General expense .................................................. 99,000 200,000 370,000 

Total annual cost ........................................... 2,914,000 

I 
5,450,000 10,890,000 

Time required to complete .................. -................ years .. 2 2 3 

c• Gross capacity including present storage of 4.6 billion cubic feet. 
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FIGURE 41.-Estimated power available from propo)ed hydroelectric 
development of Hudson River for 1925. Total power, average year, 
380,000,000 kilowatt-hours; minimu~ year, 330,000,000 kilowatt.hours. 
Reservoir A (Pl. IX), net increased storage 5.1 billion cubic feet. 
Power sites 7, 8, 9, 10, 11 (Pl. IX).' 

FIGURE 42.-Est_imated power available from proposed hydroelectric 
development of Hudson River for 1930. Total power, average year, 
900,000,000 kilowatt-hours; minimum year, 800,000,000 kilowatt.
hours. Reservoir A (Pl. IX), net increased storage 5.1 billion cubic 
feet. Power sites 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 16,17 (Pl. IX). 

RA~UETTE RIVER. 

·Raquette River rises in the Adirondack Mountains and empties into the St. Lawrence near 
Cornwall.· The .drainage area at Raymondsville is 1,070 square miles, and the stream flow 
at Piercefield ranged from 58 sepond-feet, the mean for the low two-week period in September, 
1913, to 6,970 second-feet in April, 1913. The average annual rainfall on the area is 48 inches. 
In 72 miles of this river between Piercefield and Raymondsville there is a fall of 1,350 feet. 

The drainage area of Raquette River contains a number of natural lakes, which may be 
developed into storage reservoirs by the construction of dams at their outlets. It is estimated 
that 16 billion cubic feet of water may be stored in this manner. , 

The following statement gives the data of development for Raquette River at 15 sites, at 
some of which reconstruction of existing :plants will be required. · 

TABLE 89.-Possible ultimate power d:evelo.pment on Rctq'I,Lette River. 

Reservoir capadty ____ . __ . __ . _. _________ -· __ ·- ; __________ : . __ : __ . _billion cubic feet __ 
Total net head __ .. · ....... , ......... __ . __ .. ______ . _____ . _ . ___ · __________ - - __ . __ .. feet __ 

'New installed gener~tor capacity __ ----:--- __ --_---- ______ --.- .. -, __ -- __ .. kilowatts._ 
Net output: 

16. 0 
938 

110,000 

Average year ...... _____ . ____________ - __________ . ______ : _______ ~kilowatt-hours __ 800,000,000 
Minimum year __ ........ - _______ - __ ---_------_- ________ -- _______________ .do_. __ 670,000,000 

Investment cost .......... ___________ -_---. __ ---_--- ____ --_- ____ -- ________ . ___ . _____ $26, 500,000 
Annual production ·cost ...... ;. ____ ----------· _____ -- __ -_-- ______ --_-_---_-__________ $3, 745,000 
General expense._ ....... __ . ____________ .-----_------- ____ -----------.------.---.-.. 130,000 

Total annual cost ... -... -. ___ -.-_.-.-----.---.--------------- ____ -- ____ .. ______ --3-., 8::-7-5..:...., 0-0-0 

BLACK RIVER. 

Black River rises in the Adirondack Mountains, flows westward, and empties into Lake 
Ontario near Sacketts Harbor. · The ~rainage area above Felt Mills is '1,851 square miles. The 
stream flow is affected by artificial regulation and has ranged from 400 second-feet, the mean 
for .the low week, to 32,166 second-feet. The average annual rainfall on the area is about 45 
inches. On Black River proper the main fall is one of 480 feet 'between Dexter and Carthage, 
a distance of 31 miles. Beaver River, a tributary, has. a fall of 1~024 feet in 55 miles, and 
J\1oose. River, another tributary, has a fall of 1,087 feet in 45 miles. 

.· • 
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A large number of small lakes in the Adirondack Mountains form natural storage reservoirs, 
and it is proposed to improve these at six sites on Black River and its tributaries to provide 
an ultimate .storage capacity of 21.~ billion cubic feet. 

There ·are 33 existing power plants in this drainage basin, most of which are used for mak
ing paper pulp. There are 11 undeveloped sites on Black River and its tributaries. 

The following statement gives the data on these developments and includes estimates for 
the reconstruction of such existing plants as may be justified and for increasing the r:eservoir 
cn.p.acity 20 billion cubic feet. 

TABLE 90.-Possible ultimate power development on Black River. 
Reservoir capacity (including 1.5 billion cubic feet, of existing storage), 

............................................................... billion cubic feet .. 
New installed generator capacity .............................. .' ........... kilowatts .. 
Output: 

21.5 
80,000 

Average year .................................................... kilowatt hours. . 350, 000, 000 
Minimum year .......................................................... do .... 315,000,000 

Total investment cost .............................................................. $16, 500,000 
Annual production cost............................................................. $2,290,000 
G·eneral expense ...................................... · .............................. ___ R_O....:..., _oo_o 

Total a.n.nual cost............................................................. 2, 370,·ooo 
Time required to complete ..................................... ~ ............ years.. 2 

CONNECTICUT RIVER. 

Connecticut River rises in the Province of Quebec, Canada, and flows into Long Island Sound 
about 60 miles east of New Haven. The drainage area is 8,000 square miles, and the stream 
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189rl. Between Fifteen Mile Falls, N.H., and 

240.000 

220.000 

200,000 

180.000 

160,000 

~ 
~ 140.000 
~ 
0 

I 
I 
I 

·I 
I 
I 
I 

\ \ 
\ 

l 
I 
I 
\Total nstalle capacity 165,000 kilowatts 

I 
I ., 

\ 
\ 

\ 

It 
Ill 
~ 30.000 

\ \~ l \~ 
_'\~ 

\ = 
~ 120,000 

'26.000 

20.000 

15,000 

10,000 

6,000 

0 
10 

\ .\ 
·1\~. ~ 

·~ 
~ 
~ "' ~ 
' i"-... ~~ 

r--t--- """1'-vr ~ 

> >-. 
/l pproxjr::r 

2,500. 
~_te exis 
00 kilo~ 

in~ star 
att·hour "ge---....:: 

20 30. ItO 50 60 70 80 90 100 
PER CENT OF TIME 

FIGURE 43.-Estimated power availab~e from proposed hydroelectric 
development of Connecticut River for 1925. Total power, exclusive 
or storage, average year, 230,000,000 kilowatt-hours; minimum year, 
150,000,000 kilowatt-hours. Power site 5 (Pl. IX). 
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FIGURE 44.-,Estimated power available from proposed hydroelectric 
development of Connecticut River for 1930. Total power,exclusivo 
of storage, average year, 760,000,000 kilowatt-hours; minimum year, 
510,000,000 kilowatt-hours. Power sites 1, 3, 4, 5 (Pl. IX). 

Windsor Locks, Conn., there is an aggregate usable fall of 428 feet, including redevelopment of 
the Bellows Falls site but excluding other developed sites. This fall is divided as follows: Fifteen 
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Mile Falls, 250 feet; Piermont, 50 feet; Quechee .Falls, 45 feet; Bellows Falls, 50 feet; Windsor 
Locks, 33 feet. (For dur.ation of flow expressed in kilowatts at these power-sites see figs. 43-45.) 

A small amount of storage has been developed and is now used for logging operations and· 
for the development of power. The conditions are favorable for the development of additional 
storage, which will not only benefit new pla11ts but greatly improve operating conditions at 
existing plants. · 

The following table gives data on potential developments at five power sites, which include 
redevelopment of the Bellows Falls site. The statement does not inClude additional reservoir 
capacity: ' 

TABLE 91.-Power development on Connecticut River. 

Proposed devPlopment. 
Poss1ble ultimate 

1925 1930 

developmPnt 
without storage. 

33 428 428 Total operating hea~:l. ......................................... feet .. 
Installed generator capacity ................................ kilowatts .. 50,000 165,000 165,000 

230, 000, 000 .. 
Output: ' . 

Average year ................................... kilowatt-hours .. 760,000,000 760,000,000 
150,000,000 510,000,000 510,000,000 
$9,000,000 $29,000,000 !$29,000,000 Inve~~~~~~?t~~~ ~-~ ·.:. · .. _··. ·. ~ ·. ·. :_ ·. ·. ·. ·. ·. ·. ·. ·. ~ ·. ·. ·. ·. ·. ~ ·. ~ ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ~~ ~ ~ ~ ~ 

; 

Annual production cost ......... · ............. · ........... ~ ........... . $1,256,000 $4,130,000 
. ~. 

$·4,1:30, 000 
General expense .... · ....... : ......................................... . .44,000 140,000 140,00~ 

1-----------1----------1---------~ 
. Total annual cost ........................................... . 1,300,000 4,270,000 4,270,000 

ST. LAWRENCE RIVER. 

The portion of St. Lawrence River here considered lies between Lake Ontario and a point 
near Cornwall, where the international boundary diverges from the river in an easterly direc-

so,ooo tion. An investigation is now being made by 
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engineers of the United States and Canadian 
governments looking to the development of 
the river in the· vic~ity of Long Sault and 
Barnhardts Island. The fall available is about 
80 feet, and it is estimated that generating 
capacity of about 1,200,000 kilowatts can be 
installed to yield an annual output of more 
than 10,000,000,000 kilowatt-hours. It is as
sumed that the ownership of one-half of this 
output will be allocated to ·the United States 
Government. The outstanding feature of this 
devel9pment is that the storage capacity of 
the Great Lakes, which drain an area of 
278,700 square miles, furnishes almost com
plete regulation of the river flow. The lowest 
recorded average flow for a month is 186,000 
second-feet, which is about 80 per cent of the 

0
•o 20 3o 40 so so 7o ao so •oo average continuous flow. 

PER CENT OF TIME 

FIGURE 45.-Curves showing duration.of power on Connecticut River N 0 estimate of the cost of development will 
at Bellows Falls, vt. be given here, as such an estimate is now being 

made by the engineers of the two governments. The cost, however, should be lower per unit 
than that of any of the developments on which estimates are giv.en in this report, on account of 
the size of the development and because a large portion of the expenditure w~ll be made for the 
improvement of navigation. 
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NIAGARA RIVER. 

Niagara River is about ·3o· miles· in length and drains Lake Erie irito LaKe Ontario. The 
difference in elevation between these two lakes is about. 330 feet. The fall between Lake Erie 
and the river level at the beginning of the rapids above the main falls is 9 feet, between this 
point and ·the middle· pool below the falls 220 feet, and between the middle pool and Lake 
Ontario 101 feet. The characteristics of stream flow are much the same as those of· the St. 
Lawrence, but the flow is subject to daily variations due to wind. . 

The water that can be diverted at Niagara Falls for the generation of power is now limited 
by international treaty to 20,000 second-feet ·on the American side of the river and to 36,000 
second-feet on the Canadian side. Practically the whole of this permitted diversion has been 
made, and no further-developments are possible so long as the present treaty is in force. It 
may be abrogated on one year's notice from either party. 

The question of additional diversion of wa~er from the river for power is somewhat com
plicated with the navigation of Lake Erie, as any large increase in diversion .~ll tend to lower 
the lake level. By the ·construction of remedial works at the outlet of LakeErie·,·howev~r,.it 
will be practicable to increase the amount of water diverted for powe·r without impairing the 
navigability of the lake. The scenic beauty of the falls may be preserved by constructing 
works that will distribute the flow more. uniformly over the crest .. This power would- prob
ably be cheaper to develop than St. Lawrence power and would be equally available for use 

. in the superpower zone. · 
THE RIVERS OF MAINE. 

In addition to the resources described above there i~ considerable undeveloped power in 
the State of :Maine which is within transmission distance of the northeastern part of _the super-: 
power zone. As hydroelectric energy_ generated in Maine can not, under the· present laws of 
thn,t State, be transmitted ou.tside its boundaries, these potential developments·have not been 
analyzed in detail. 

The following figures taken from the report of a special water-power investigation by the 
Public Utilities Commission of Maine for 1918 give an idea of the magnitude of these.resources: 

TABLE 92.-Water-power res?urces of :blaine: . 

[Horsepower available for 95 per cent of an average year.] 

River. 

Fish ................................................. 

i!~~~.~~~~~·t·. ·. · ... · .· ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : ~ : : : : : : : : 
St. Croix ............................................. 
Union ................................................ 
Kennebec .......................... · ............. · ........ 
Saco .................................................. 

~~~~b:~~~~~-- .· .· .· .... ~ ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Present conditions. 

Unde
Developed. veloped. 

................ 3,600 

................ 3,600 
5,400 ................ 

13,000 4,000 
1,600 ................ 

26,000 50,000 
11,000 7,000 
77,800 28,000 
92,000 47,000 

226,000 143,200 

Total. 

3,600 
3,600 
5,400 

17,000 
1,600 

76,000 
18,000 

105,800 
139,000 

370,000 

Conditions after regulation. 

Unde- · 
Developed. veloped. 

.. ........... 6,400 

.. ............ 8,600 
10,000 .. ............. 
14,000 4,000 
5,000 . .............. 

56,000 105,000 
24,000 15,000 
85,000 31,000 

110,000 67,000 

310,000 237,000 

Total. 

6,400 
8,600 

10,000 
18,000 
5',000 

161,000 
39,000 

115,000 
177,000 

.547, 000 

CAPACITY AND OUTPUT OF EXISTING HYDROELECTRIC PLANTS. 

The following table shows the location of hydroelectric generating capacity in operation 
in the superpower zone and its output for 1919. The table gives an estimate of the capacity 
that can be furnished for the annual peak under low-water conditions and .the annual output 
for the average and minumum year . 

0 
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. TAnLE 93.-Hydroelectric plants .in superpower zone. 

Installed 1919 output Annual Output (kilowatt-hours). 
Division. generator (millions of peak 

capacity kilowatt- capacity 
(kilowatts). hours). (kilowatts). Average year. 1\:l:inimum year. 

Eastern New England ............................ 96,000 292.54 42,835. 269,020,000 190,615,000 
Western New England .................. ~ .. : ..... 111,530 303.45 51,130 340,015,000 223,650,000 
Mohawk .................... ~~- ............ · ...... 116,150. 390.41 45,110 341,450,000 275,020,000 

~z~~~:~~~~~ ·_·_-_-_-::::: :-::: ~:::::::::::::::::::::. 8, 710 24.70 865 ,22, 120, ,000 14,,715, 000 
8,690 22.80 2,415 19,980,000 15,990,000 

Anthracite ... ; : .......... · ~ ....... ·.: . ............ 5,080 17.22 660 16,054,000 12,987,000 
Southern .....................•................... 105,340 612.07 53,720 548,790,000 384,-630,000 

.. 451,500 1,663.19 196,735 1,557,429,000 1, 11·7, 607, 000 
I 

.. UNIT AND TOTAL INVESTMENT COST. 

The unit investment cost for hydroelectric generating equipment is given in figure 46 for 
operating heads of 20, 40, 80, 120, and 400 feet and .for generating units ranging in size from 

. 80 5,000 to 30,000 kilowatts. These unit costs 
~ are based on prices in the midyear of 1919 170 
9 and include turbines, generators, low-tension 
:

60 switch gear, wiring erected, interest during 
lol 

~so construction, superintendence, engineering, 
~.-a and contingent expenses. They are applicable 
.J 

8 to all units except .those first installed, for 
~ 

30 

which $ per cent must be added to cover. de-
li; 20 
8 velopment charges. The-unit costs were com-

10 10 1s zo zs 30 piled from information furnished by the prin-
~s•ze OF UNIT IN THOUSANDS OF KILOWATTS • l uf t • • • th" t 

FIGURE 46.-Unit cost for complete hydroelectric equipment installed, C!pa man ac urrng co~pan1es ill IS coun ry · 
for different operating heads in midyear ofl919. Includes turbines, In estimating the reproduction cost of the 
generators, low-tension sWitch gear and wiring, interestduringcon- existing 'hydroelectric generating plants as 
struction, superintendence, engineering, and contingencies. A de-
velopment charge of 8 per cent against the first unit should be added. shown below consideration was given to the 

size of the plant, the operating head, and the other characteristics of individual plants, and the 
estimate~ were checked by data furnished by the owners. 

Eastern New England. . . . . . . . . . . . . . . . . . . . . $16, 501, 000 Hudson . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1, 693, 000 
Western New England.: ................ ·... 16,713,000 Anthracite ................ ~............... 1, 265,000 
Mohawk.................................. 24,442,000 Southern .......... -.· ....... -.............. 23, 963,000 
Metropolitan ......................... _..... 2, 550,000 87,127,000 

• 
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ANNUAL OPERATING COST PER UNIT. 

In order to determine annual unit operating costs, comprehensive records of 58 hydro
electric plants were selected for analysis. Figure 4 7 shows the cost per kilowatt-year of total 
generator capacity plotted against the size of the unit. Figure 48 shows the cost per kilowatt
year of total generator capacity plotted against the capacity of the plant. The use of these 
two curves in conjunction gives operating cost for power plants employing units of different 
sizes. 
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FIGURE 47.-Unit operating cost of 58 selected hydroelectric plants in 
tho superpower zone, 1919, according to size of unit . 
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FIGURE 48.-Unit operating cost of58selected hydroelectric plants in 
the superpower zone, 1919, according to capacity of plant. 



APPENDIX H. 

THE SUPERPOWER TRANSMISSION SYSTEM. 

By L. E. IMLAY. 

EXISTING TRANSMISSION SYSTEMS. 
' 

The mileage of the transmission .lines above 30,000 volts in the superpower zone in 1919 
amounted to 1,200 miles, 37 at 110,000 volts, 813 at 66,000 volts, 36 at 44,000 volts, and 314 
at 33,000 ~olts. Of these 1,200 miles New England has 778, indicating that considerable inter
conne.ction has already been established in that region. The high-voltage lines in other parts 
of the superpower zone are used mainly to transmit energy from sources where it is produced 
cheaply to points where it is used.· The superpower system will multiply these E.:ources of 
cheap production and will use the existing transmission lines as vehicles of distribution rather 
than of transmission. Accordingly, the present 33,000 to 66,000 volt transmission systems 
will be expanded for the distribution of the ~dditional power made available' by the superpower 
system. 

CHAR~CTERISTICS .·oF THE SUPERPOW~R TRANSMISS.ION SYSTEM. 

The proposed transmission lines of the superpm,;er system (see Pls. II, III, p. 14) are 
of two general classes-interconneoting lines between load centers, operating at 110,000 volts, 
and high-tension lines Of large capacity, operating- at 220,000 volts. 

INTERCONNECTING LINES. 

The interconnecting lines are to be used (1) to transfer energy from one load center to 
another in order to take care of small increments of growth in demand until· additions to local 
generating 'plants are justified; (2) to provide means by which reserve capacity at c·enters of 
distribution in one part of the system may be made available for use in adjacent centers; (3) 
to equalize the load between the generating plants of the system or to distribute it among them 
as economy or policy may direct; (4) to transmit energy from power plants that are not at 
load centers and that are not provided with separate. high-tension lines of transmission. 

Any scheme for distributing load between generating centers over tie lines presupposes 
the automatic operation of governors on prime movers to maintain proper speed under all 
variations of load up to the full capacity of the generating units. An ideal interconnec.ting 
system would function automatically, for when an overload comes on any part of the system 
the prime mover of that part ·tends to slow down and lower the frequency, and its slowing down 
causes the generating units' of the part affected to become somewhat out of phase with those 
of the rest of the system and produces a flow of energy from the lightly loaded to the niore 
heavily loaded part of the system. Owing to physical and economic limitations, however, 
lines having considerable resistance and reactance can be automatically controlled only within 
rather narrow limits of load transfer between two load centers several miles apart, so that 
automatic regulation of voltage is not possible, except through a comparatively small range, 
without the use of special regulating equipment, for it presupposes a very low reactance circuit 
with relatively low resistance. 

Under ordinary conditions' energy may be transferred through a tie line so as to maintain 
the same bus voltage at all distributing points in a system by varying either the voltage or the 
impedance volts of the line. The voltage. may be varied by shifting to different taps on the 
transformers, by the use of synchronous boosters, or by the use of some form of regulator. 
The induction regulator is probably the most satisfactory, and it should be manipulated by hand, 

204 



• 

• 

THE SUPERPOWER TRANSMISSION SYSTEM. 
\ 

205 

as no device yet contrived can automatically distinguish between a variation due to a short 
circuit and one due to a change in demand. The impedance volts ·niay be varied by the use 
of synchronous condensers at the receiving station. 

In varying either the voltage or the impedance volts of the tie lines the limitations of 
synchronizing power and of corona ~ffect should be considered. If a· regulator is used a con
ductor of a size that will insure economy must be selected, and if synchronous condensers 
are used a design should be selected that will insure regulation rather than prevent loss of power. 

If the tie lines are not long and if they are to carry relatively little ·energy the load can 
generally be carried by providing lines having low resistance. If the governors and the voltage 
regulators function properly they will automatically tend to distribute the energy as demanded 
if the fields in the generators in the station receiving energy are strengthened. If the· demand 
is so great that the capacity to which the generator fields can be strengthened is exhausted before 
not·mal voltage is reached' the deficiency must be supplied by providing synchronous-condenser 
capacity. . . 

Consideration has been given to the effect of short circuits that may occur on the network 
of lines of 'the superpower system. Obviously, to insure the maximum economy an ideal tsystem 
should be interconnected and operated as a unit. Studies of the possible concentration of 
energy resulting from short circuits ·at critical points in an ideal superpower system indicate, 
as was expected, that the short-circuit currents would exceed the rupturing ca.pacity of .any 
circuit breaker now available. In planning the interconnecting system contemplated ·in this 
report the limitations of the circuit breakers now available and the operating conditions to be 
provided for have been fully considered. If a short circuit occurs the system will be automatically 
separated at selected points into several systems that are complete in themselves, in order to 
limit the energy interr.upted to amounts that can be readily handled. The feeders affected 
by the short circuit' are thus automatically disconnected from the system, with minimum dis
turbance to the service. The rapi~ improvement in circuit. bre~kers within the last few years 
leads us to expect that future improvement may produce apparatus that will permit much 
greater concentration .of power, so that by the time the superpower system has growri to· a 
size requiring circuit breakers of larger capacity they will probably be obtainable" 

No insuperable difficulty. is expected in obtaining rights of way for tie lines in the outlying 
districts of the superpower zone, where overhead circuits will be used, but rights of way in the 
congested parts of the .large citits, where underground' lines operated at comparatively low 
voltage are necessary, may not be obtained so easily. · In New York City, for example, the 
generating stations are not npw sufficiently provided with tie lines to insure the most economical 
operation on account of the prop:ibitive cost of conduits or condui~ space for high-tension cables. 
Tie-line connection between New York and the industrial district of New Jersey is still more 
difficult to obtain and is even more neces·sary. Particular attention is called to the necessity 
of providing ample conduit space for tie -lines in the .new vehicular tunnel under the Hudson 
between New York an~. ~ersey City. 

TRANSMIS,SION LINES. 

The principal elements to be considered in designing transmission lines are length of line, 
amount of energy to pe transmitted, frequency, voltage, corona, resistance,. reactance, con
ductance, susceptanc·e, value of energy lost, cost of. money, cost of operation, and value of 
energy delivered at the receiving end~ of the line. · Kelvin's law is applicable here if the con
ductors are large enough to escape cqtona and if the investment in conductors includes the cost 
of other apparatus, which varies with the sizes of the conductors considered. 

Length of line is determined by location of power· plant with respect to market for power. 
The amount of energ.y transmitted on a line may be limited either by the size of the 

generating plant or by the extent of the market. If a power plant is capable of an increase 
in capacity, the transmission line should have a margin of capacity to cover the increase or<
should be susceptible of additions at minimum cost. 
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The ma.Ximum practicable potential used for transmission to-day is 220,000 volts, and in 
the study' of transmission to and within the superpower zone this and lower potentials are used. 

Corona fixes one of the limits to economical long-distance transmission at very high voltages. 
There is a critical disruptive voltage for each size of cable, depending on spacing and arrange
ment of conductors, elevation above sea level, and meteorologic conditions: Rain, fog, and 
snow tend to lower the critical voltage. Up to 2,000 feet above se~ level the 'minimum diameter 
of conductors for operation at 110,000 volts is about 0.45 inch and the minimum· diameter of 
conductor for operation at 220,000 volts is about 0.95 inch. . . ~ 

The 'fundamental characteristics that .determine the losses and the performance of a line 
are resistance, r~actance, conductance, and susceptance. Resistance depends upon the size 
and length of the· conductor and the material of which· it is composed. Reactance varies with 
the frequency· employed and with the length, size, arrangemep.t, and spacing of the conductors. 
Conductance' varies with the effect of corona and with insulation of 'line. · Susceptance deter
mines the charging current of the line and depends on the spacing, diameter, and arrangeme:q.t 
of conductors, the frequency employed, and the length of circuit. ~ ~ 

For lines of moderate length, say up to 350 miles, energy can be transmitted at 60 cycles, 
the· prevailing frequency in the superpower ·zone. For longer lines it may be· desirable to 
transmit at a lower frequency on· account of the limitations' of reactance and susceptance, but 
energy for use in the superpower ·zone will probably never be transmitted farther than 350 miles. 

Kelvin's law is applicable to the design of high-tension transmission lines if account is 
taken of all the factors, which vary ·with variations in the conductors considered. The effect 
of these factors is subject to constant change, and the adoption of a particular design can be 
justified only if the cost of all the elements that may affect it are known. The cost of money, . 
the cost of material, and the. value· of energy at the receiving end of the line are the princip.al 

·elements involved. 
The structural features of designs of existing transmission lines have been carefully worked· 

out, and the designs for the transmission lines· proposed involve no new problems. It may be 
economical, however, to use a type of tower construction for long lines that is different from 
the type used for comparatively short lines_ that transmit the same amounts of energy. For 
conductors of moderate size to be used under the usual limiting conditions the most economical 
tower spacing will be as follows:· For hard-drawn copper, about 800 feet; for steel-reinforced 
copper, about 1,000 feet~ f<1r steel-reinforced aluminum cable, 1,200 to 1,500 feet. 

The principal elements to be considered in spacing towers economically are (1) the character 
of the cable (weight, tensile strength, elastic limit, and temperature coefficient of linear exp.an
sion); (2) the clearance fro~ the ground; (3) the assumed loading by ice and wll:id pressure; 
and (4) the cost of towers, foundations, insulators, and labor. 

All 110;000 and 220,000 volt systems should be star connected with grounded neutral. 
The 110,000-volt lines may be provided with overhead ground wires where A-frame construe-· 
tion is used, but the 220,000-volt lines should not be provided with either ground wires or 
lightning arresters, for they will probably cause more trouble than they will prevent. 

The entire superpower ·zone lies within an area that is occasionally subject to severe sleet 
storms, and authentic records show 'that sleet 1! inches in radial thickness has been formed on 
line conductors. The cost of building transmission lines to withstand so heavy an accumulation 
of sleet would be prohibitive. The· remedy is to keep th'e lines so warm during a sleet storm 
that ice will not collect on them, either by transmitting sufficient energy·over them or by short
circuiting them and sending enough current through them at low voltage. 

RIGHTS OF WAY. 

The importance of adequate rights of way for transmission lines can hardly be over
estimated.. Many of the troubles on existing long-distance lines· are due to' crooked lines, 
which introduce hazardous construction. The service rendered to ·the public over many power 
lines is greater than the service rendered by some railroads, and these public lines should have 
rights of way commensurate with the value of their service. It is therefore an imperative 
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public neces.sity that· companies operating transmission systems should be granted rights of 
way through the exercise of the right of eminent domain. A 220,000-volt transmission system 
consisting of two tower lines, each containing two circuits, should have a right of wa.y 240 feet 
wide and as straight as it can be made. 

Transmission and tie lines should be so located as to avoid interference with service over~· 
communication circuits. In anticipation· of the· necessi~y ?f cooperation to avoid such inter
ference conference was had with. the engi~eers of the American Telephone & Telegraph Co., , 
who have furnished the superpower survey a complete set of maps, consisting of 331 topo
graphic sheets, fully indexed, showing the location of the ·toll lines of that company and its 
subsidiaries in the superpower zone. The preparation of these maps involved an enormous 
amount of work by the telephone company, and the set is too large for incorporation in 
this report, b1:1t it may be examined at the office of the United States Geological Survey at 
Washington. 

PERFORMANCE OF TRANSMISSION LINES. 

The performance of a transmission line may be determined graphically by the use of 
vector diagrams indicating currents and voltages at the ends of the circuit and applying the 
auxiliary constants of the circuit which account for the distribution effect. Figures 49-55 
show the performance of a proposed transmission line from St. Lawrence River to a point in 
central New England. This line will be 225 miles long, will operate at 220,000 volts and 60 
cycles, and has been designed to transmit 300,000 kilowatts and supply a distributing system 
that operates at a power factor of 85 per cent. The transmission system will consist of two 
tower lines, each supporting two circuits. The conductors are steel-reinforced aluminum cables 
Ineasuring in cross section 605,000 circular mils and having a diameter of 0.953 inch. Each 
circuit will transmit 75,000 kilowatts under normal conditions and 150,000 kilowatts in an 
emergency. Additional data are given on the diagrmns. · 

The diagrams show fully the graphic method of solution and also the mathematical solution. 
These solutions take into account the leakage and the local impedance of the raising and lowering 
transformers as well as the effect of these in reducing the effective synchronous-condenser 
capacity required under load. The mathematical solution g~ven involves the values of the 
au..xiliary constants determined .by the employment of hyperbolic functions and is rigorously 
correct. · 

Figure 49 shows the conditions existing at no load, with normal load connections and with -
line and lowering transformers energized. With 220,000 volts at the receiving end of the line, 
measured at the low-voltage side of lowering transformers, a synchronous..:.reactor capacity of 
about 30,000 kilovolt-amperes will be required to hold the voltage· at the sending end at 230,000 
volts. A synchronous-reactor capacity of .about 20,000 kilovolt-amperes will be required to 
maintain 220,000 volts at both the receiving and the sending ends of the line. 
· Figure 50 shows the performance of the system at a normal load of 75,000 kilowatts per 
circuit and 220,000 volts at the receiving end of the line. A synchronous-condenser capacity 
of about 42,000 kilovolt-amperes will be required to hold the receiving voltage at 220,000 volts 
with a load having a power factor of 85 per cent. If the voltage at the sending line is held 
at 220,000 volts the synchronous-condenser capacity required will be about 53,000 kilovolt
amperes. 

Figure 51 shows the performance of the system with an emergency load of 150,000 kilo
watts qn each circuit, a condition that may exist for short intervals while one tower line is out 
of service for repair. Under these conditions a condenser capacity 'of 173,000 kilovolt-amperes 
will be required to hold voltage constant at 220,000 volts at both ends of the line. 

Figure 52 shows the amount of energy that may ,be delivered over this line under various 
conditions of sending-end voltage to an 85 per cent power-factor load, with 220,000 volts at 
the receiving end. 

Figure 53 shows the, synchronous-condenser capacity required for varwus loads at the 
three sending-end voltages that are most likely to be used. 

63361°--21----14 
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Figure 54 shows the voltage on each side of the raising transformers corresponding to 
condenser loads of various capacities in parallel with a load of 75,000 kilowatts at a power 
factor of 85 per cent. The vertical distance betw~en the two voltage lines is the voltage drop 
o~ voltage rise through the raising transformers. For condenser loads up to 15,000 kilovolt-

\ 
\ 

220 KV PROBLEM-ZERO LOAD 
(COMPLETE SOLUTION) 

(THIS CORRESPONDS TO NORMAL LOAD CONNE9TIONSI 

CONDENSER 
(ONE REQUIRED) 

LINEAR CONSTANTS 

Z = 34.a6 + j I 7S.2 OHMS 

y = o +j .001211 MHO ~ 
KV·A0 = 3o.ooo 

E 0 = 2~o.ooo 
10 = 7S.73 

KW C-LOSS= I 624 

lc-Loss= 4·00. 

TO NEUTRAL 

KV·AcN= 1o.ooo 

E 0 N=121.'o2o 

leN= 7S.73 

KW C-LOSS-N D 60S 

lc-LOSB-N =4.00 

AUXILIARY CONSTANTS 

loc =- 1.04 + j 162 .. a9 AMPERES 

IGEN-N =57.11/SI'5a'04" AMPERES 
PF GEN•I4.9 '!&LEADING 

0so•84'44'31" PFso•9-la'!bLEADINO 

EsNo = 132.974/ o· 17' 35" VOLTS 

CALCULATION FOR 

RECEIVING-END CURRENT AND VOLTAGE 

100 = 4.oo- j78.a3 cos. sa· 22· 67" = .063096 cos. S6" 21' 27" ... 08363 
ITo" ~ SIN. S6'22'67"=.99SOI SIN. S6"21'27"=.99798 

IRO = 6.S6- j 92.63 AMPERES 
= 92.71 \sa• 22' 67" AMPERES TO VECTOR ELNO 

IRo= 92.71 \sa· 21' 27" AMPERES TO VECTOR OF REFERENCE 
= 6.89- j 92.62 AMPERES ' 

ERNO" ~ (127.020 X .oa3096 + 92.71 X 3.1S6)2 + (127.020 X .99SO I + 92.71 X 39.82)2 

= 130.724l..u:..ll:.ai" VOLTSTOVECTOR IRO 

CALCULATION FOR HIGH TENSION CIRCUIT 

ERNo(A) = 1 1 6.8al + pa45 

··!Ro(B)" la.lll-j19a6· 

EsNO~ 132.972+ja8o 

IR 0 (A)= 7.13-; su9 

E;No(C)= ~ t.04 + i 162.a9 

lso= s.o9 +; 70. 10 84"44'31·);~~·:·~:!~:2 

= 132.974/ o· 17' 36" VOLTS = 70.3a /S6" 02' oa· AMPERES 

CALCULATION FOR GENERATOR VOLTAGE AND CURRENT 

EoEN-N o <;' V 032.974 ~ .091642 + 70.3a x 3.18512 + < 132.974 x .99679- io.3a x 39.8212 

130.206 /84' 3 I' 60" VOLTS TO VECTOR_ I so 

= .130.206 / o• 30' 16" VOLTS 

COS.81' 26' 48" a .14902 

DETERMINATION OF LOSSES 

KWLNO •0 

KWRNO •130.724•82.71(008 88'21'2TI • 770 

KW9No •132.8T4xT0.3B<OOSM'"'3n • an 
KWaEN-NO" 13o.2oax67.11 <00881'26'41"1 • 1101 

LOSSES TO NEUTRAL 
LOWERING TRANSFORMERS AND CONDENSER • 770 
HIOH TENSION UNE 8& 7 - 770 . • t 7 
RAISINO TRANSFORMERS I I 08- 867 • _ill 

TOTAL L088 _!0 NEUTRAL • 1108 

AS A PARTIAL CHECK 
LOWERING TRANSFORMERS 

URON LOSS 1.8&XI27.02 
(OQPPER LOSS 82.71 2 X 3.18&1 . 

SYNCHRONOUS CONDENSER 
RAISING TRANSFORMERS 

URON LOSS 1.80 X 130.2081 I 

.<COPPER LOSS 70.382 X 3.186). 
HIGH TENSION LINE 

• 236 
27 

808 

236 
18 

(VALUE ABOVE ASSUMED AS CORRECT • 87 
""'i'i"iiii 

EFFICIENCY 

EFFIOIENOY.IHIQHTENSIONUNEI • ~ • 88._86 .. 

70.36 (.095316 + j. 995461 
= 6. 71 + j 70.04 
= I. 60- j 13.67 I LEAKAGE OF RAISING TRANSFORMERS) 

IQEN-N = 8.61 + j 6a.47 

KV-~so= 132.974" 7o.3s" 3- 2s.o8s PER 3 PHASE CIRCUIT 

KV·AaEN·o= 130.208" 57.11" 3 = 22.3os PER 3 PHASE CIRCUIT 

= 67.11 /81' 26' 46" AMPERES TO VEOTC>R EoEN-NO 
" 6 7. I I /8 I' 66' 04" AMPERE:S KV·A00 = 132.974 coo 1 18s·x 148,51 oi x 3 • 89.197 PER 3 PHASE OIROUIT * 

*BASED UPON H.T. LINE BEING OPEN AT RECEIVING END. 

FIGURE 49.-Vector diagram for 225-mile transmission line with no load. 

amperes there is a drop in voltage through the raising transformers. For condenser loads above 
15,000 kilovolt-amperes there is a rise in voltage through the raising transformers. 

Figure 55 is a general diagram showing a possible arrangement of generating, transforming, 
and transmitting equipment for the St. bawrence ... New England project. 
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220 KV PROBLEM- NORMAL LOAD 
(COMPLETE SOLUTION) 

(LOW ,-ENSICIN VAWES REFERRED TO THE HIGH TENSION CIRCUIT! 

NORMAL LOAD 

PER PHASE 
TO NEUTRAL 

KV·ALN•28.412 

LINEAR CONSTANTS 

Z • 34.86 + j 178.2 OHMS 
Y • 0 +j .001211 MHO 

AUXILIARY CONSTANTS 

PER 3 PHASE 
~ 

KV·AL •'88.236 

KW1.•76.ooo 

PFL•86~1.AQ. 

EL •220.000 

IL •231 66 

~WLN a 26.000 

PFi.N•86~1.AG. 

ELN•I27.020 

ILN•231 66 

80CYCLES 

(A) • (a,t j 82) •COSH 0 • 893.966 + j-.020.234 • .8941Bl!.:.!..!£: 

(8) • (bl + j b2) • Z SI~H 0 • Fv SINH 0 a 32.198 +j 172.094 OHMS 

(C) •(01 + j 0 2) • Y SINOH 9 •,Fz: SINH 0 a •.000.008 + j .001.188 MHO 

CONDENSER WHERE O• '{ZY 'Vi' 
lONE REQUIRED) 

3 PHASE TO NEUTRAL 

KV·Ao• 45.ooo KV-A0 N • 16.0oo 

Ec•22o.ooo EcN"I27.o2o 

lc•II8.09 lcN•II8.o9 

KWc-~oss•I80o KWc-Loss-N•aoo 

I G-LOSS D 4. 72 I C-LOSS-N • 4. 72 

NOTE- THE CONDENSER INDICATED, BY BROKEN' 
UNECIRC~E SERVES AS.A SPARE DURING NORMAL 
OPERATION BUT IS REQUIRED FOR THE EMERGENCY 
CONDITION. 

LINE CHARACTERISTIC$ 

LENGTH OF TRANSMISSION 225 MlLES 
. CONDUCTORS- 3-806.000 C M ST REINFORCED,ALUMINUM 

DIAMETER OF CONDUCTORS 963" 
MAXIMUM ELEVATION 600 FEET 
SPACING• EQUIVALENT 1'0 21' DELTA SPACING 

CALCULATION ( ~ol 
FOR RECEIVING-END ~.,..,.~ 

CURRENT AND VOLTAGE ~~ 
IL•I8e.&2-J 121.97 AMPS. rovEoToil ELN :f.fr~ 
10 • 4.72+JII8.oo oos ~~··ol 10"•.08810 '0~ 
I • 1.88-J 13.90 BIN 6"01',18"•.087623 0'0-9 
T • cos 8" 38' 18" • .88874 ~ 

IR•203.39·J 17.87 SIN 8"38'18"• 14003 ~ r~ 
•204.17 ~AMPS.TOVEOTOR ELN ~cS~ 

•!104.1·7 ~ AMPS. TO VECTOR OF REFERENCE 10
84
* 

•!101.87- J 30.1111 I>"' 
<,.~ 

ERN. f027.020• 99810+204.17•3.18612 +(127.020• 087623+204.17•39.82J2 

• 128.830 /8" 38' 19" VOLTS TO VECTOR I R 

CALCULATION FOR HIGH TENSION CIRCUIT 

ERN(A)· 114,989+J 2.803 

IR(B)· 11,767+'j3U67 

EsN• 120.740 + 1 38.380 

•131.868/18"00'24" VOLTS 

!R(A) a 181.08 • J 23.23 

ERN(C)• -I.03+j 160.24 

ls·•ao.ouj 121.01 

• 220.34 /3&"1 2' oo· AMPs. 

CALCULATION FOR GENERATOR VOLTAGE AND CURRENT 

~t~j 

..... 1-r-r'-"--;;.o-..riL 

TRANSFORMERS 
CTWO BANKS IN PARALLEL AT EACH END OF THE LINEI 

ON BASIS OF 1 :~:~;:~gi ~gc::-:-.=.. : ~:~~:: 
·o~~:~6~:!~G I ~~~cri~~~~~~~~T =~:~g~~ 

VALUES TO NEUTRAL 

KV-ATN•33.333. ETN•I27.020: ITNa282.4 

RTN • ·0086:8;_~27·020 a 3.186 OHMS RESISTANCE 

XTN• ·0822
2
6
8;_1: 7 020 

a 39.82 OHMS REACTANCE 

~ 

MAGNETIZING CURRENT a ·053~ ;;~;g3 ·333 • 13.9 AMPS AT 127,020 VOLTS 

IRON LOSS.-----·· .. - • .ODT~~;-~~33 ·333 •1.85 AMPS AT 127.020 VOLTS 

IRON LOSS .. -·--·--- a 236 KW TO NEUTRAL 
NOTE-FROM THE VECTOR DIAGRAM IT MAY BE SEEN THAT THE RAISINO 

TRANSfci'RMERS WILL BE EXCITED BY A VOLTAGE EQUIVALENT TO 129.918-
THE LEAKAGE CURRENT REQUIRED TO EXCITE THE RAISING TRANSFORMERS 
WILL THEREFORE BE 

MAGNETiZING CURRENT a 13.8 AMPS. AT 129.918 VOL.TS 
IRON LOSS a 1.81 AMPS. AT 129.918 VOLTS 

DETERMINATION OF LOSSES 

KW LN • 211.000 

KW RN • 128.030 ~ 204.17 <ODS a· 3&' 'D"l • 26.888 

KW SN • 131.8118 • !120.34 (ODS 18" I I' 38") • 27.430 

KW0£~·12&.ela•218.&&cODSII"&2'28"l • 27.827 

LOSSES TO ·NEUTRAL 

LOWERING TAANSFORMERS AND CONDENSER 
26.888 - 26.000 • 088 

=~~~~=s~~~;il"s':7?::/'~::;:431i'::.".~::::: 1 !!~ 
. TOTAL LOSS TO NEUTRAL • ""H2i 

AS A PARTIAL CHECK. 
LOWERING TRANSFORMERS 

(IRON LOSS 1.86•127.02--.............. _. • 236 
<COPPER LOSS 204.172 • 3.1 86~-------• 132 

SYNCHRONOUS CONDENSER------··-----·-·- • 800 
RAISING TRANSFORMERS 

(IRON LOSS.I.81 • 129.918) .............. • 236 
(COPPERLOSS220.342•3186)_~ 164 

HIGH TENSION LINE 
(\IALUEABOVEASSUMEDASCORREOT • 1471 

2m 
118.00AMPS 

EFFICIENCY 

· E~FICIENOY.lHIGHTENSIONLINE) .. • ~~.:~: • 94.84'1> 

EFFICIENCY. (GENERATORS TO LOAD) ~ :~.~~~ • 89.8~ '4 

EaEN·N· f (131.858 • .94442 + 220.34 • 3.186>2 + U31. 868 • 32876-220.34 • 39.8212 

•128.918 /is• 28' 03"VOLTS TO VECTOR Is 

220.34 (.96,394 + j .288131 
• 212.39 + j 58.84 
c I .81 - j 13,80 lLEAKAOE.OF RAISING TRANSFORMERS) 

• 128.818 !I 9" 46' 5T VOLTS 

KV·Aa• 131.8&8• 220.34 • ~ • 87.1&3 PER 3PHASEOIRCUIT 

K.V·A OEN • 1211.91.8 • 218.88 • 3..; 86.308 PER 3 PHASE CIRCUIT 

KV•Ano· 131 868 • 160.24 • 3 •1111.431 PER 3 PHASEOIROUIT 

IGEN-H• 214.20 + i 46.04· 

a 218.88 ~AMPERES TO VECTOR Ecru. 
,;, 218.88 /31" 38' 2G" AMPERES 

FIGURE 50.-Vector diagram for 225-m.ile transmission line with normal load of 75,000 kilowatts on each circuit. 
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220 KV PROBLEM ~- EMERGENCY LOAD 
CCO'MPLETE SOLUTION) 

fTHIS IS DOUBLE LOAD-1.50.000 KW AT 851& P.F. LAGGING! 
RAISINQ. TRANSFOl!MERS 

ZTN•J.&92& + i 19.91 o~Ms 

, EMERGENCY LOAD TRANSFORMERS 
PER 3 PHASE PER PHASE IFOUII BANKS IN PARALLEL AT.EACH END OF THE LINEI · 

0 ~ T'1rNEiT'fiiAL RTN•I.69260HMSRESISTANCE XTN=I9.910HMSREACTANCE 
KV•A.:•I78,470 KV•ALNa 6~·824 MAGNETIZING CURRENT a 27.8 AMPS. AT 127.020 VOLTS 

KWL•I60,000 KWLN=50.000 IRONLOSS ..... a 3.70AMPS.ATI27.020VOLTS 
PF IRON i.oss... .. ...... 47o Kw To NEUTRAL 

PF L = 
85

11> LAO. LN" B&1& LAO. MAGNETIZING CURRENT a 28.46 AMPS. AT 133.552 VOLTS 
EL a 220,000 ELNa 127.020 . IRON LOSS .. . a 3.52 AMPS. AT 133,552 VOLTS 

IL •483.1 ILN•483.1 
BOO")'CLES 

CONDENSERS 
FOUR 45.000 KV·A SYNCHRONOUS 

CONDENSERS PER 3 PHASE CIRCUIT WHEN 
OPERATING AT FULL LOAD PROVIDE MOllE 
COMPENSATION THAN REQUIRED FOR MEETING 
THE EMEROENCY CONDITIONS-SINCE BOTH 
3 PHASE CIRCUITS -ON THE SAME TOWERS 
WILL BE OPERATED IN PARALLEL 7 CONDENSERS 
MAY BE USED FOR THE TWO CIRCUITS. THE 8TH 
CONDE~SER BEING AVAILABLE AS A SPARE. UPON 
THIS BASIS THE CONDENSER DATA PER CIRCUIT ARE 
AS FOLLOWS: 

3 PHASE TO NEUTRAL 

KV·Ac•l&7.&oo KV·AcN· s2.~oo. 

E 0 • 22o.ooo EoN· 12_7.029 

10 ••13.34 · lcN•413.34 

KW Q-I.OSSa 8300 • KW C-lOSS·N· 21 00 

lo-Loss•l 0.~3 lo-LOS8-Na I 8.63 

IL = 393.64- j 243.94 AMPS. TO VECTOR ELN. 

1
0
= ... ~3+j413.ol COSI8"60'49"•.9483B 

IT• uo-; 27.80 :a1

1:.:
0~.:~·.:·.::::: ., 

IR•413.S7+j 141.27 SIN 14"68'01'•.26828 

• 437:32 /J a· 50' 49' AMPS. TO VECTOR ELN 

• • 437.32 /14' 68" 0 I AMPS. TO "VECTOR OF REFERENCE 

•422.49+; 112,94 

ERN" a '\'1121.020 K .94838 +437.32 Kl.5925)2 +(127.020 K .32304 •437:32 Kl9.91)2 

• 125.162 ·/J4'68'01"VOLTSTOVEC10R Ill 

ERN(A)· 111.880 +.j 2.632 

!R(B)• - ~.833 + j"78.344 . 

Eat. •I 06.047 + j 78.878 

•132.1.64/36'38:31" vOLTS 

!R(A) -·375.42 + j I 09.61 

~N(C)• -I.OO+j 146.19 

Is= 374.42+ i 265.ee 

= 463.40 I 34' 19' 44' AMPERES 

CALCULATION FOR GENERATOR VOLTAGE AND CURRENT 

EaEN-N•Y( 132.184 X .99918 +453.4 XJ.5926)2 + ( 132.164 X .040369 +463.4 Xl9.9112 

LOWERING TRANSFORMERS 
ZTN"'-6825 + i 19.910HMS 

LINEAR CONSTANTS 

Z • 34.86 + j 178.2 OHMS 

y • 0 +j .001211 MHO 

DETERMINATION OF LOSSES· 

KW LN • ~0.000 
KWRN •126.162X437.32100S 14'68 ~)I'). 112.874 

KWSN •132.184X4~3.40IOOS R"" ~n. 611.&74 

KWGEN-N•I33.6~2x4ti0.471cos 11'2<roo·1 • 80.8"1'-t 

LOSSES TO NEUTRAL 

LOWERING TRANSFORMERS AND CONDENSERS 
. 62.874-60.000 • 2874 

HIGH TENSION LINE ~11.874- 62.874.... .... . . . .. . • 7000 
RAISING TRANSFORMERS 80.871 -69.874 ..... : • ___lll 

. TOTAL LOSS TO NEUTIJAL • 10.871 

AS A PARTIAL CHECK 
LOWERING TRANSFORMERS 

IIRON LOSS 3.7 x 127.02 ..................... • • 470 
ICOPPER LOSS437.322 xl.6926l... • 304 

SYNCHRONOUS.CONOENSERS .,......... • 2100 
. RAISING TRANSFORMERS 

IIRON LOSS 3.62 x 133.6~2).. ..... .. 4 70 
(COPPER LOSS 463.42 X 1.59261 .: - 327 

HIGH TENSION LINE 
(VALUE ABOVE ASSUMED AS CORRECT • 7000 

I AMPS io.i7i 
IU3AMPS. EFFICIENCY 

EFFIOIENOY. (HIGH TENSION LINE I. • :~::~: • 88.311& 

EFFICIENCY. (GENERATORS TO LOAD I • :~:~~~ • 82 411& 

• 133.662 /a• I 0' 23' VOLTS TO VECTOR fs 
• 133.~62~VOLTS 

463.4 1.9942 - j .I 071131 
•460.77-j48.7~. 

• 3.62 - j 28.48 (LEAKAGE OF RAISING TRAHSFORMEROI 

KV·As•.I32.164X4~3.40 x 3• 179.769 PER 3 PHASE CIRCUIT 

KV-AGEN. i 33.662'• 480.47 X 3 a 184.490 PER 3 PHASE CIRCUIT 

KV·A co· 132.1S4 • 148.18 x 3 • &7.1169 PER 3 PHASE CIRCUIT 

IQEN-N • 464.29'- j 76.21 

a 480.4 7 \9" 24' 00" AMPERES TO VECTOR £cEN 

• 460.47 /31" 08' 07" AMPERES 

FIGURE 51.-Vector diagram for 225-mile transmission line with emergency load of 150,000 kilowatts on each circuit. 
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CONDENSER CAPACITY REQUIRED-KV-A 
FIGURE 52.-Energy deliver~ over 225-mile transmission line . 
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FIGURE 54.-Voltage on raising transformers for 225-mile transmission line . 

230,000 
VOLTS rouR 3 PHASE CIRCUITS-TWO TOWE.R LINES, 

9 • 3 PHASE TRANSFORMERS EACH HAVING SUFrl• 
CIENT CAPACITY. TO CARRY A LOAO or 44,11 :Z 1\V•A 
AT 85%·PF LAGGING PLUS A CONDENSER LOAD 
tE:MERGENCY C::ONOITIONt ON TERTIARY WINDING OF 
45,000 1\V•A AT APPROXIMATELY O% LEADING tOR 
THE EQUIVALENT SINGLE PHASE: CA,..~ITYr. 

NOTE- SWITCHING EQUIPMENT PERMITS or THE ENTIRE LOAD BEING 1 RANSMITTED OVER ONE TOWER ,UNE !TWO CIRCUIT;;) 

FIGURE 55.-Possible.arrangement of equipment for St. Lawrence-New England project. 
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TABLE 94.-Character and performance of lines that have been considered as sources of energy for the superpower ~one. 

.Performance under normall'oad. 

Power factor at sending end of line (leading)~-~ ..• : ... ' ........... ~ ....... : .. per cent .. 
Power factor at receiving end of line (lagging).::.:~ ........................... do ... . 
Synchronous-condenser capacity required. ,-. : ....................... kilovolt-am peres .. 

Line losses ................................ : . ~ ........ : ~ . ~ ... : .... < .•••.• kilowatts .. 
Transformer losses ................. · ...... ~ .... ~.: ...... ~ .. ; ..... · ............. :do.·:,. 
Synchronous-condenser losses ..... : ............ ; ............................... do ... . 

Total losses ..................... · ....................... · ....... _: ... ·._ ... do.~.·~ 
Efficiency of transmission ......... :. , -- ................ ~ ......... _. __ .. _ .. per cent .. 

COMMU~JCATION ~INES .• 

I Niagara St. Law- . 
Falls-New renee-New 
York line. Efi~:~d . 

300,000 
350 

220,000 
"220, 000 

60 
2 
2 

·88. 1 
-98.8 

180,000 

28,500 
10,500 
7,200 

46,200 
86. 7 

300,000 
225 

220,000 
200,000 

60 
2 
2 

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

......... 
640,000 
75,000 

150,000 
85 

99.5 
96. 1 

140,000 

12,500 
10,500 
5,600 

28,600 
91.3 

.Pittston
Newark 

line. 

300,000 
115 

230,000 
200,000 

60 
2 
1 

920,000 
271,000 

........... 
150,000 
300,000 

85 

94.7 
97.6 

160,000 

13,800 
10,500 -
6,400 

30,700 
90. 7 

The superpower system can·be operat~d successfully only through absolute unity of operat
ing control. Relations must .. be: established b~tween the different parts of the system to insure 
unquestioning and immediate response to the· directions ·of some cent;ral authority. This 
requirement involves facilities ·for instant communic"ation between ·all the generating and dis
tributing stations. Most of the existing. transmission systems provide lines of communication 
that parallel the lines of transmission and that are supported by the transmission-line towers 
or by poles erected on the right of way. These lines of communication, supplemented in reserve 
by the Bell telephone systems for use between important centers, furnish adequate service. 

The· maintenanqe of li.J?.eS _of communication on the right of way of a high-tension trans
mission line that parallels power circuits, where they are particularly exposed to electrostatic 
and electromagnetic induction, is considered very undesirable by the power company, but it is 
employed as the" surest means. of maintaining communication between power plants and dis-
tributing; s,tations. · The commercial telephone ~ystems have been so greatly improved· and 
augmented that the telephone' compani~s· ir{ the superpo~er zone now have great resources in 
trunk lines and alternate routes and exceptional facilities. for maintaining their plants. 

The operation of transmission lines by means of radio tel~phones· or telegraph is being 
rapidly developed an.d will p:rqbably increase inthe near future, particularly as radio com
munication is free from the. eff_ect of interference by high tension circuits. 

· SUBSTATIONS. 

Outdoor substations of standard design,· except as the design. may be affeoted by higher 
voltages, will be used. Synchronous condensers will be installed in ·the substations to reduce 
investment and operating cost. 

• 

• 

• 



• 

• 

• 

THE SUPERPOWER TRANSMISSION· SYSTEM. 215' 

UNIT INVESTMENT COSTS. 

TRANSMISSION LINES .. 

In the following table, showing the unit investment cost per mile for the different types of 
trn,nsmission lines used in existing systems, the cost includes rights of way ari.d is based on 
prices in midyear of 1919. 

TABLE 95.-Unit investment costfor transmission lines. 

Conductors. 

Line 
.. Number Total Cost per of tower number of voltage. Area (cir- lines. circuits. mile. 

1\faterial. cular mils). 

220,000 {Aluminum ......... 605,000 } 1 2 $27,328· Steel.. ............ 78,000 
220,000 rluminum ......... 605,000 } 2 4 54,056 Steel.. ......... · .. 78,000 
220,000 Aluminum ......... 605,000 } 1 1" 18,760 Steel.. ............ 78,000 

220,000 {Aluminum ......... G05,000 } 2 2 36,920 Steel. ............. 78,000 

220,000 {Aluminum ......... 920,000 } 1 1 22,330 Steel.. ............ 212,000 

220,000 {Aluminum ......... 920,000 } 2 2 44,060 Steel.. ............ 212,000 
110,000 Copper ....... ·.· .. No. 000 1 2 19,160 
110,000 ..... do ............ No. 000 2 4 37,070 
no,ooo ..... do ............ 350,000 1 1 16,780 

· no,ooo ..... do ............ 350,000 2 2 32,310 
no,ooo {Aluminum ....... .'. 450.000 } l 2 . 20,945 Steel.. .... · ........ 58;500 
no,ooo {Aluminum ... ~ ..... 450,000 } 2 4 40,640 Steel.. ............ 58,500 

. 1~o;oo:o {Aluminum ......... 920,000 } 1 2 33,440 SteeL: ............ 212,000 
no,odo {Aluminum ... : .... -~ 920,000 } 2 4 65,630 SteeL ......... ~ ... 212,000 

SUB STATIONS. 

Figure 56 shows the unit cost of 110,000-volt substations with low-tension secondaries in 
midyear of 1919. This cost includes transformers, structures, aud switch gear to accommodn,te 
two, four, six, or' ·eight incoming 110,000-volt lines. · 

Figure 57 shows the unit cost of 220,000-volt substations with low-tension secondaries in. 
midyear of 1919. This cost includes transformers, structures, and switch gear to accommodate 
two or four incoming 220,000:-volt lines. 

Figure 58 shows the unit cost of 220;000-volt substations with 110,000-volt secondaries in 
midyear of 191~. This cost includes transformers, structures, and switch gear to accommodate 
two, four, or six incoming 220,000-v(}lt circuits ~nd six outgoing 110,000-volt circuits. 

~ 

SYNCHRONOUS-CONDENSER STATIONS. 

Figure 59 shows the unit cost of synchronous-condenser stations at ~idyear of 1919. This 
cost includes buildings, synchronous condensers, transformers, and· switching and regulating 
equipment. For the operation of synchronous condensers on 110,000~v-olt circuits independent 
transformers are provided; for 220,000-volt circuits a tertiary winding is added to the main 
transformers. · 

FREQUENCY -CHANGER STATIONS. 

Figure 60 ·shows the unit cost of frequency-changer stations at midyear. of 1919. This cost 
includes building, frequency changers, transformers, and switching and regulating equipment . 



216 A SUPER.POWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

IS 

>-
1- 17 

u 
~ 16 

~ 
ziS 
0 
~14 

~'13 
::J 
If) 

LL..IZ 
0 

~II 
LtJ 
0.. 
l: 10 
c( 

~ 9 :.J 

~ 
.:J 8 x 
It: 7 

~ 
If) 6 
0:: 
< 
..J 
..J 
0 
0 

~ 
4 

tn 3 

8 
2. 

• 0 

' 
1\ 

1\ 
\ 

I \ 

\ \1\ 
1\ \ 1\\ 
\ \ \\ 
\ \ \ l\~ 
\ \~(, I~·~ ~ 

~ 
~ 

\ \~2 , 0£. Ot, 

·~ 
~~ 0"~ 0 • 

~ 0/, .... c • ~ \~~ ~~ ~ h 
\ ' "'i ~ ~ 

~ 
~ 

............. 
I'-r--c.,.;_, r-.. ~ 

~ b<.s --r---
f--r-.. -:---. :---

., 
50 100 150 200 250 

SUBSTATION CAPACITY IN THOUSANDS OF 
KILOVOLT -AMPERES 

\ 

r--

-
300 

FIGURE 56.-:Unit cost of 110,000-volt60-cycle substations with iow-ten
sion secondaries in midyear of 1919. 

~ 18 
0 
~ 
-<( 
u 
z 
216 

~ 
~ 
m 
:I 
Ill 
... 14 
0 
IIi 
It: 
,IIJ 
a.. 
I < 12 

~ 
0 
> g 
~ 10 
It: 
IIJ 
Q. 

Ill 
It: 
< 
::1 8 
0 
0 

~ 
... 
~ 6 
u 

~ 
\ 
\ \ 

\\ \ 
\ \ 

1\\ 
\ 

125 

\ 
\ 

~ """~ 
""' ~ 

""""o 

~~ <<o ~"o~,; 
~o~:r-c,~cu,~ 

. ltrlo ~-c, · s 
~ ~~ 'Frcu,~s -------

175 Z25 Z7S 325 375 

CAPACITY OF SUBSTATION IN THOUSAN!'S OF I<ILOV0LT·AMPERES 

FIGURE 58.-Unit cost of 220,000-volt 60-cycle substations with 110,000-
. volt secondaries in midyear of 1919. 

14 ,-
\ 
\ 
\ 

r\ \ 
'\ ' " "" " ~ 

~ ~ vot · !'-._ ?-"'- crrcuits -
~ ovolt: circuits 

... 
50 100 150 zoo 250 300 

CAPACITY OF SUBSTATION IN THOUSANDS OF KILOVOLT-AMPERES 

FIGURE 57.-Unlt cost of 220,000-volt 60-cycle substations with low
tension secc:mdaries in midyear cf 1919. 

8.60 

8.40 

~ 8.20 
a: 
< 
:!BOO 
0 
0 
z 7.80 

... 
2 7.60 
0 

7.4/J 

\ 
\ 

i\ 
1\ 

-1--

-1--

7.20 
30 

I 

I 
'l.l 

tf'i f.--'¥ ... /, 
::s,o""o 

...._'It/" 
-......: 'ne 

'~--. "'"-'.:l 
-r--f-. -r- 220 kilovolt lines 

I I 

60 90 120 150 180 210 
SYNCH.RONOUS·CONDENSER CAPACI:TY IN 

. THOUSANDS OF ~ILOVOL T-AM PERES 

-

240 

FIGURE 59.-Estimated cost per 1"ilovolt-ampere of capacity of 6(). 

cycle synchronous condensers in' nudyear of 1919. 

20t't0 

I&J 20.30 
It 
loJ 

~ 20.20 

~ 
'~ 20.10 

0 
.J 

x zo.oo 
Q: 
1&.1 
e. 
Ul 19.90 

~ 
g 19.80 

~ 
:;; 19.70 
0 
0 

19.60 

\ 
\ 
\ 

\ 

"-.. 
~ 
~ 

........ 

I' -- -r--r--

30 60 90 120 150 180 210 2"+0 
CAPACITY OF FREQUENCY CHANGER 'IN KILOVOLT-AMPERES 

I , 
FIGURE 60.-Unit cost of frequency-changer stations in midyear of 

191!:1. Applies· to installations of 110,000 or 220,000 volts, 25 or 60 
cycles. 

• 

• 



• 

• 

• 

THE SUPERPOWER TRANSMISSION SYSTEM. 217 

OPERATING COST OF TRANSMISSION SYSTEM. 

TRANSMISSION LINES. 

The following estimated operatmg cost for transmission lines includes maintenance, labor, 
and supplies and is based on the actual cost of operating long-distance lines: 

TABLE 96.-0perating costjor transmission lines·. 

Number Total Operating 
Line voltage. of tower nnmber of cost per 

hnes. circuits. mile per 
year . 

. 220,000 .............. ·.· ...... { 

1 l $175 
1 2 200 
2 2 225 
2 4 250 

110,000 ....................... { 

1 1 125 
1 2 150 
2 2 200 
2 4 250 

SUBSTATIONS. 

The annual cost of maintenance and supplies has beeri fiXed at 2 per cent of the total first 
cost of the substation. For the annual cost of·labor $12,000.is used for substations having a 
capacity ofl50,000 kilovolt-amperes or less, $18,000 for those having capacities between 150,000 
and 300,000 kilovolt-amperes, and $24,000 for those having capacities of more than 300,000 kilo
volt-am peres . 



APPENDIX I. 
' .. 

RELIABILITY OF SERVICE. 

By L. E. IMLAY and others of the engineering staff. 

Reliability of service is of first importance. A superpower system with interconnection 
through many load centers .and with provision for obtaining power from several so'urces can 
insure continuous service ... 

Modern power plants, which use large units, are simple compared to power plants built a 
decade ago. The tendency to locate the plants outside of centers of population has done much 
to simplify former complicated switching and feeder arrangements. 

The principal cau,ses of power:..plant interruption, outside of fluctuations in coal supply, 
are in the coal-handling, boiler, turbine, condenser, and electrical apparatus. Provision is 
made against such interruptions in the superpower system._ 

Coal-handling equipment is now provided·either in duplicate or of sufficient capacityso 
that the coal supply ~ill not. be in d~.~ger .of exhaustion·. ·To the ·.popular mind boiler explosions 
are regarded as one 'of the greatest dangers 'to .be apprehended in 'steam plants, 'l;>ut .since ~he 
advent of the water-tube boiler there is,. so. far: as expi~sions· are· concerned, :r).o. Iiill.itation t0 
the number'and capacity of boilers that'niay be placed in one plant. .. '··. '. . 

Large steam turbines of recent development have excellent records. for continuous 
operation over long periods. It is true that during the World War considerable trouble was 
experienced with a number of large turbines, but the .cause of this particular trouble has been 
accurately ascertained and eliminated. 

The operating records of turbine units in a number of large plants show that these units 
are available for service more than 90 per cent or the time, and the margin is within the reserve 
capacity of the plant. 

It is difficult in a well-operated plant to justify interruptions from condenser troubles·. 
Failures in modern electric generators are no longer frequent. The perfection of oil switches 

and the complete isolation of the phases and reactance applications have resulted in the elimina
tion of the disastrous effects of short circuits. 

Superpower transmission will involve capacities of 300,000 kilowatts and maximum dis
tances of 350 miles. Consultation and exhaustive discussion with the principal transmission 
authorities of this country regarding a proper support and circuit arrangement led to the conclu
sion that these transmission systems should consist of two tower lines, each supporting two 
circuits and each tower line being capable of transmitting the entire load. 

Load centers in the past have usually been dependent upon a single transmission line. 
By virtue of ,its interconnecting network the superpower system will eliminate the hazard of 
interruption or disaster from the use of a single line. 

The transmission systems for the superpower system will be of entirely different dimen- · 
sions from those to which we have become accustomed. Appendix H-2 brings out the features 
of their construction. Their reliabili~y will be of the same order as that prevailing within the 
best modern power plants. They can thus be considered as merely high-tension extensions of 
the power-plant busses. 

The inherent c~aracteristic of the superpower system, therefore, is adequate provision for 
reserves through its entire structure. 
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APPENDIX J. 
THE RELATION OF COAL AND COAL-DELIVERY ROUTES TO THE SUPERPOWER 

SYSTEM. 

By C. E. LESHE:.;, F. G. TRYoN, and others. 

DISTRIBUTION AND USE OF COAL IN THE SUPERPOWER ZONE IN 1919. 

Table 97 shows that the coal used by central stations is only about 9 per cent of the total 
used in the superpower zone; that used for locomotive fuel and other railroad purposes and 
by industries, mines, Government institutions, waterworks, and the central stations amounts 
to nearly 71 per cent of the total. 

TABhi<J 97.-Distrib'ution and 'USe of coal in superpower zone for 1919, in short tons. 

Bituminous. Anthracite. Total. 

Somces: 
Mined in zone ............................................. _· ........... None. 87,607,000 87,607,000 
Shipped into zone for consumption therein or for bunker and sea-borne 

extort:· 
mports hy water f1·om Canada .................................... 3,000 None. 3,000. 

By rail from United States ......................................... 70,706,000 143,000 70,849,000 
Coastwise from Hampton Roads ................................... 7,000,000 None. 7,000,000 

Total coal available ............................................... · ... 77,709,000 87,750,000 165,459,000 

Used in zone: 
Railroads: 

Locomotive fuel, class 1 roads ................................ _·_ ... 15,640,000 2,765,000 18,405,000 
All other railroad supJ?lY coal except coal for repair shops, including 

1,830,000 coal for he~ting statwns and .all coal for roads other than class 1 .... 1,880,000 3,710,000 
Centml electric stations ............................................... 9,976,000 1,830,000 11,806,000 
Industries, mines, and Government institutions ......................... 34,669,000 23,419,000 58,088,000 
Water,vorks ........................................................... 260,000 291,000 551,000 
Heating residences and all other buildings not elsewhere specified. In-

eludes coal burned in dwellings, apartment houses, hotels, restamants, 
theaters, office buildinjs, schools, hospitals, churches, public buildings, 
and State, county, an municipal institutions ........................ 4,600,000 34,459,000 39,059,000 

Total used in zone .................................................. 66,975,000 64,644,000 131,619,000 

Ship~ed _out of zone: 
4,669,000 None . 4,669,000 .t~ ore.tgn bl.mker ...................... - ..... - . - .... - ......... - .. - . - . - - . 

Domestic bunke1·, including bunker for Army transports and Navy ...... · 2,970,000 None. 2,970,000 
Sea-borne exports ................... ·_ ................................ 3,095,000 152,000 3,247,000 
Coal mined in zone but shipped by rail out of zone ...................... None. 22, 954, oo.o 22,954,000 

'rotal coal leaving zone ............................................. 10,734,000 23,106,000 33,840,000 

COAL DISTRICTS AND COAL DELIVERY ROUTES. 

The bituminous-coal districts tributary to the superpower zone are the Clearfield, Somerset, 
Windber, Greensburg, Westmoreland, Pittsburgh, Fairmont, Georges Creek, Pocahontas, New 
River, and Kanawha. · 

The Clearfield, Somerset, and Windber districts lie nearest, and the freight rate fro:m. them 
is the lowest, but they are within the thin-seam regions, where the production cost is high. 

The Westmoreland, Greens~urg, Pittsburgh, and Fairmont districts are in the thicker-seam 
region, where production costs are lower, but the freight rates from them are higher . 

Aqout half of New England's coal has heretofore been supplied from the Pocahontas, New 
River, and Kanawha districts. These districts are the chief sources of coal for export, and when 
the export demand is large the demand in New England must compete with it. 
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The selection of_sites for base-loa9- steam-electric plants is dependent upon the avaiiab~ity 
of sufficient condensing water, the cost of coal delivered, and the relation of the plant site to 
the coal-delivery routes from. the mines. 

Power plants a't tidewater in New England east of New London have a reliable coal supply, 
as they can obtain fuel from the greatest number of sources, having the option of either all
rail or rail and water delivery. The two particular difficulties in the free movement of coal 
to New England are congestion at times at the Hudson River gateways, due to weather and 
traffic· conditions, and the shortage of bottoms at certain periods for the movement of coal from 
Baltimore, Philadelphia, and Hampton Roads to eastern New England ports. 

The principal bituminous-coal carriers to the superpower zone are the Pennsylvania, the 
Baltimore & Ohio, the New Y or~ Central, and the Western Maryland. These railroads are 
also the principal carriers of all other traffic to that zone, and at times the traffic demand exceeds 
their capacity. At certain points on .th.ese lines, such as the classification yards at Cumberland, 
Altoona, Williamsport, and Harrisburg, congestion· has· occurred through either the traffic 
conditions or the topographic condition~; at others congestion is due primarily to the necessity 
of transfer between the railroads, as at Troy, Albany, Maybrook, and Harlem River. 

Plants on Hudson River as far north as Troy can readily receive coal, either through Albany 
or by river barges from New York Harbor. Between New York and Washington there are a 
number of good locations for steam-electric power plants. Sites are available along New York 
Bay, Hackensack River, Passaic River, Raritan Bay, Raritan River, Delaware River as far 
north as Trellton, Delaware Bay, Chesapeake Bay, and Potomac River as far west as Cumberland. 
In the inland region Susquehanna River and its branches offer exc.ellent sites for the location 
of base-load steam-electric plants. 

The principal difficulty in the location of steam-electric plants in the bituminous mining 
districts comes from lack of condensing water. (See Appendix F.) 

Plate X shows the location of available coal-mining districts, principal rail routes, and 
location of base-load steam-electric plants for 1930. Anthracite is not discussed at this time, 
for plants constructed to burn' anthracite will be located in the mining region, and rail delivery 
will consist only in gathering the. coal for them. Power can be delivered to the Newark and 
Philadelphia load centers from plants to be constructed in the· anthracite region more cheaply 
th~n power can be generated at these centers. (See Appendix F.) 

COST OF COAL. 

COST .OF COAL AT THE MINES. 

Bituminous coal.-The average price for bituminous coal ~t the mine has been taken at. 
$2.90 per short ton for the three years considered (1919, 1925, and 1930) and was determined 
by the weighted average cost of bituminous coal for 1919 to the fuel-using indu~tries in the 
superpower zone. This price applies to fuels that take the Clearfield freight rate. The Greens
·burg, Westmoreland, Pittsburgh, and Fairmont districts, which ship coal to the superpower
zone by rail and water, as well as by all-rail routes, sell at a price about 50 cents a short ton 
lower than the Clearfield district. · The Pocahontas, New River, and Kanawha fields supply 
large amounts .of coal to eastern New England by boat, delivered from Hampton Roads. This 
coal commands a premium of about 50 cents a short ~on at the mine over that of the Clearfield 
district. 

Although the cost of labor may be reduced by modification of the present wage scale, 
which terminates in 1922, the cost of coal tends to increase gradually from the necessity of 
developing mines in thinner seams and deeper veins and of extending underground haulage 
in existing mines. 

Anthracite.-The price for buckwheat No. 3 coal at the mines has been taken at $1.75 per 
long ton for the three years considered (1919, 1925 and 1930). This price is based on .. records. 
of sales made in 1919 and on the competitive relation between anthracite and. bituminous coal 
.at tidewater delivery points. 
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Between 1911 and 1917 the ratio of the cost of buckwheat No.3 coal at New York Harbor 
to the cost of low-volatile bituminous coal increased from 53 to 56 per cent. In 1918 it jumped 
to about 67 per cent, but in 1919 1t fell to 66 per cent. The large increase in 1918 and 1919 
was due to the fact that bituminous coal was then under governmental regulation, while buck
wheat No. 3 coal was not, and it was further due to the difficulty of obtaining· deliveries of 
bituminous coal. The New York Harbor price of buckwheat No. 3 coal has been taken at 
approximately 63 per cent of the price of low-volatile bituminous. Although this ratio is 
somewhat higher than that in existence before the war, it is considered reasonable, as the demand 
for buckwheat No.3 coal has increased through the development of anthracite sto~ers and better 
knowledge of the use of this coal gained during the war. 

United States Geological Survey ·records show that 78,501,931 long tons of anthracite 
was mined in 1919 .. Of this tota1 67,817,284 tons was shipped out of the anthracite district 
and 8,576,850 tons was used for fuel by the mines themselves. Local sales account .for the 
remainder. The total quantity of buckwheat No. 3 and smaller sizes of anthracite shipped in 
1919 was 3,759,000 tons. 

Large base-load steam-electric plants located in the anthracite region will require approxi
mately 1,600,000 long tons of buckwheat No. 3 and smaller sizes of anthracite for each 300,000-
kilowatt plant, which is nearly one-half of the total of those sizes shipped in 1919. H.owever, 
a large proportion of the min·es that now have their own steam plants wo~d be electrified 
when such power plants were construct.ect thus releasing, owing to the higher efficiency of the 
power plants, a larger amount of the small steam sizes than would be required for the operation 
of these base-load plants. Under such conditions the demand will not be in excess of the 
supply. (See Appendi"{ F.) 

COST OF COAL DELIVERED TO THE STEAM-ELECTRIC PLANTS. 

The cost of fuel at the power plants has been determined by the cost of coal from the 
Clearfield district. 

Coal from the Westmoreland, Greensburg, Pittsburgh, and Fairmont districts costs 50 cents 
a short ton less than Clearfield coal but is lower in calorific value. Coal from the Pocahontas, 
New River, and Kanawha fields has a higher calorific value than that of Clearfield, but its 
mine price is 50 cents a shoi·t ton higher. When all charges to the destination point are con
sidered, the number of British thermal units obtained for each dollar expended is nearly the 
same for coal from all the fields, and the use of the Clearfield prices and freight rates as a basis 
both for fuel cost and plant performance gives a representative average. 

The current freight rates of 1919 are used in the calculations for that year and those existing 
on January 1, 1921, for the 1925~1930 period. · 

Table 98 gives the cost of bituminous coal at specified destination points from those fields 
that are tributary to them. . 

TABLE 98.-Cost of bituminous coal per short ton at destination points in the superpower zone. 

Freight, 

Load center. Mining district. Price at 
taxes, in- Total cost 

Period. surance, in plant mines. and sea-
sonalcoal bunkers. 
storage. 

l919 $2.90 $3.16 $6.06 
1925-1930 2.90 4.45 7.35 

Boston .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clearfield ...... · ................. . 
..... do ......................... . 
Fairmont ....................... . 1925-1930 2.45 4.68 7.13 

1925-1930 3.35 5.40 8.75 
1919. 2.90 3.24 6.14 

Pocahontas ..................... . 
Providence. . . . . . . . . . . . . . . . . . • . . . . . • Clearfield. ~ ..................... . 

..... do ......................... . .1925-1930 2.90 4.59 7.49 
Fairmont ....................... . 1925-1930 2.45 4.81 7.26 
Pocahonta.s ...................... . 1925-1930 3.35 5.15 8.50 

New London .....•••• o. o .. o......... Clearfield ....................... . 1919 2.90 2.79 5.69 
..... do ......................... . 1925-1930 2.90 3.93 6.83 
Fairmont ....................... . 1925-1930 2.45 4.16 6.61 
Pocahontas ..................... . 1925-1930 3.35 5.40 8.'75 
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TABLE 98:-Cos~ of bituminous .~oal per shor.t ton at destination pQints in the superpowe.r .zone-Continued. 

Load center. . Mining district. Period . 

New Haven .......................... ~ Clearfield.............. . .. . . . . . . . 1919 
..... do.......................... 1925-1930 
Fairmont........................ 1925-1930 

Hartford ............................ Clearfield........................ 1919 
· · ..... do.......................... 1925-1930 

Fairmont........................ 1925-1930 
Northampton ........................ Clearfield........................ 1919 

· ..... do ........................... 1925-1930 
. . Fairmont........................ 1925-1930 

Albany and Poughkeepsie ............ Clearfield .................... ,... 1919 
..... do. . . . . . . . . . . . . . . . . . . . . . . . . . 1925-1930 · 
Fairmont........................ 1925-1930 

New York, Newark, and New Bruns- Clearfield........................ 1919 
wick. . .... do ....... ~ .................. 1925-1930 

Fairmont........................ 1925-1930 
Trenton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clearfield. . . . . . . . . . . . . . . . . . . . . . . . 19 l 9 

· ..... do .......................... 1925-1930 
Fairmont. . . . . . . . . . . . . . . . . . . . . . . . 1925-1930 

Harrisburg.......................... Clearfield........................ 1919 
..... do ................. : . . . . . . . . 1925-1930 

. Fairmont ................ ·:....... 1925-1930 
Philadelphia, Wilmington, Baltimore, Clearfield........................ 1919 

and Washing~n. · ..... do.......................... 1925-1930 
Fairmont........................ 1925-1930 

OWNERSHIP OF COAL MINES. 

Price at 
mines. 

$2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 

. 2. 45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 

Freight, 
taxes, in~ Total cost surance, in plant and sea-
sonal coal bunkers. 

storage. 

$2. 68 $5.58 
3.81' 6. 71 
4. 18 6.63 
3.06 5.96 
4.33 7.23 
4.55 7.00 
3.42 6.32 
4.83 7. 73 
5.07 7.52 
2.42 5.32 
3.43 6.33 
3.80 6.25 
2.32 5.22 
3.35 6.25 
3.66 6. 11 
2.23 5.13 
3.17 &.07 
3.40 5.85 
1. 77 4.67 
2.53 5.43 
2. 77 5.22 
2.15 5.05 
3.05 5.95 
3.27 4.72 

No advantage has been found in the ownership of coal mines by the power company to 
offset the elimination of the flexibility of supply, t~~ increase in initial investme.nt, the additional 
administrative cost, and the hazara common to mining enterprises. 

COAL STORAGE. 

A 360,000-kilowatt plant at an annual capacity factor of 60· per cent will use 1,260,000 short 
tons of bituminous coal a year. Storage of six months' coal supply for such a plant will therefore 
require 630,000 tons. Coal storage in this amount might appear excessive, but the following 
advantages are evident: (1) It would absolutely prevent interruption of service due to lack of 
fuel. (2) It would permit the purchase of coal at the lowest market price. Where facilities 
·for coal storage are scanty, the purchase of coal·inthe spot market at times of shortage and 
without regard to quality results in an excessive expense, which would .more than offset the cost 
of adequate storage facilities. (3) It would effect partial stabilization of the mining and the 
transportation industries through bringing about a more uniform demand for fuel and thus 
tending to increase the operating load factor of these two industries. It is equally obvious that 
this would be a step toward reducing the price of fuel to the consumer because it would be a step 
in the reduction of cost of mining and transportation. 

There has been some discussion with regard to the ownership by the superpower system of 
either coal cars or railroad routes or both, but it has been conclud~d that the superpower system 
should confine its activities to the production of power and the storage of coal. 

The cost of coal ~torage is included in the production cost of the superpower system. 

•• 
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APPENbiX K. 

USE OF PROCESS 'FUELS AND PULVERIZED COAL FOR BASE-LOAD STEAM
ELECTRIC PLANTS. 

By 0. P. Hoon and others of the engineering staff .. 

CONCLUSIONS RELATIVE TO THE USE OF PROCESS FUELS. 

In considering the use of process fuels by base-load steam-electric stations it has been 
necessary to fiX certain limitations to the study, which must necessarily be a general one covering 
the entire superpower zone. The study was therefore confined to processes that had reached 
the stage of commercial development. The fixed charges against the investment cost in the 
by-product plants have invariably been taken at"20 per cent-10 per cent for t)le cost of money, 

. 8 per cent for depreciation and obsolescence, and 2 per cent for taxes and insurance. At the 
same time the operating costs have been taken at $1.35 per ton of coal carbonized, and the 
prices credited for by-products are those given below. · 

In a base-load steam-electric plant under present conditions coal must generally be used 
in the raw form ~n order to produce cheap power. Local conditions will justify certain excep
tions to this practice. At large centers of population it may be found profitable to install 
process-fuel plants in conjunction with base-load. steam-electric stations if the gas produced 
by the plants can be sold at a profit, particularly where a process is used that will yield gas 
which has a very high heating value and which can be used to enrich water gas made by the 
gas companies. 

Coal is subjected to a preliminary p~ocess for two purposes-to place its energy in a more 
desirable form and to recover valuable products. If power is produced by the use of either coke 
or gas from process-fuel plants the value of the remaining products,· when credited. to the cost' of· 
such fuels, is not sufficient to reduce the cost below that of ~aw coal. As certain by-products 
are essential in time of war regardless of cost, however, it is desirable .in selecting a. site for a 
superpower plant. to provide space for a processing plant .. 

Accordingly, provision is made in the estimated costs for base-load steam-electric plants 
both for the location of process-fuel pl~nts and for boiler-room· constructiun that will permit 
the use of process fuel at a later date if it is found advisable. 

SOURCES OF PROCESS FUELS • 

Four sources of process fuels·for base-load steam-electric plants have been considered
by-product coke-oven plants furnishing coke, by-product coke-oven plants furnishing gas, 
low-temperature distillation plants furnishing semicarbocoal, and bituminous gas producers 

·furnishing gas. 
The cre~its used for by-p~·oducts are as follows.: 

Gas, 30 cents per thousand cubic feet . 
Tar, 4 cents per gallon. 
Light oils, 15 cents per gallon. 
Ammonium sulphate, 2~ cents per pound. 
Coke, including breeze, $10 per short ton. 

The base-load steam-electric plants for which process fuel will be furnished are assumed 
to be 300,000-kilowatt· plants having an annual capacity factor of 70 per cent. Sufficient 
process-fuel plant capacity ~ust .be provided to meet variations in the load of the steam-electric 
plants. 
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The average cost of gas coal for carbonization is taken at $6.11 per short ton; the cost 
of Clearfield coal used directly in the power plant is taken at $6.25 per short ton. 

For process-fuel plants the unit operating cost exclusive of fuel has been placed at $1.35 
per short ton of coal carbonized, and the fixed charges have been taken at 20 per cent. 

Table 99 gives the result of this .study; With the exception of gas from by7"product coke
oven plants, process fuel is shown to ·cost more than coaL Moreover, the heavy investment 
required for a coke-oven plant producing gas as the process fuel, combined with the transpor
tation difficulties in distributing the by-products, makes its use as a source of process fuel 
impracticable. The coke produced by one such plant ·would amount to 26 per cent of the 
total present coke requirement of the superpower zone, and even if the existing coke-producing 
facilities in the zone are ignored, it would require only four plants of this size to satisfy the 
entire coke demand of the zone. Furthermore, over '760 special railroad cars daily would be 
required to distribute the coke output of one such plant to its market and at the same time 
about 590 cars additional to bring the coal to the plan.t. Compared to this, only about 70 
cars a day would be needed to convey coal to the 300,000-kilowatt steam-electric plant burning 
raw coal. 

For low-temperature distillation plants the by-products have been credited at $4.22 per 
short ton of coal carbonized, which is 28 cents less than the credits claimed by the Carbo Coal 
Co., but this difference is immaterial, because to make this process profitable under present 
conditions more than $5.15 per short ton of coal carbonized must be realized from the by
products .. Although the 'carboco'al process has been. selected for analysis, as it is further ad
vanced technically than any of the, other low-temperature distillation pro9esses, semicarbocoal 
has not yet been used extensively in large power plants. 

It is fundamentally necessa~y, where the processing of fuel is combined with the production 
of power, that a minimum number of heat units be lost to the steam-electric plant. Tar, oils, 
and ammonium sulphate contain relatively few heat units, and therefore in . the ~ecovery of 
these by-products a large portion of the original heat units remain available for making steam. 

The results set f~rth above justify the conclusions given in the preceding section. 

USE OF GAS FROM PROCESS•FUEL PLANTS IN INTERNAL-COMBUSTION 
ENGINES. 

Gas engines have a higher thermal efficiency than prime movers that use steam, but they 
are so deficient in other characteristics that they can not at present be considered for super
p<;nver plants. The gas engine has not been developed in units of a size pomparable with steam 
turbines, and investment and production costs for gas engines ~re much higher. These dis
advantages outweigh the advantage gained by their higher ther~al efficiency. 

PULVERIZED COAL. 

Pulverized coal has been successfully used in cement kilns and metallurgic furnaces for 
some time, but it is only in recent years that sufficient progress has been made in its adaptation 

. to boiler furnaces to warrant its consideration .. However, no large power plants have used 
this form of fuel long enough to give a reliable indication of the results. 

As the future development of firing pul~erized. fuel may warrant its substitution for stokers, 
provision is made in the power station for sufficient combustion-chamber volume to allow the 
installation to be quickly .and cheaply changed. 

• 

• 

• 
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COST. 

TABLB 99.-Relative cost of process fuel and of coal for 300,000-kilowatt base-load stearn-electric plants for the superpower 
· s.ystern. . · 

I 
I 

Semicarboceal 
Coke from Gas from from low- Gas from 
by-product by-product temperature bituminous 
coke ovens. coke ovens. distillation gas producers. 

plants. 
-~ -------

Raw-fuel plant: 
Annual capacity factor .......................... per cent .. 70 70 70 70 
Clea,rfield coal required per year for stoker operation, 

short tons .............................................. 1,200,000 1,200,000 1,200,000 1,200,000 
Process-fuel plant: 

Annual capacity factor .......................... per cent .. 80 70 80 70 
Carbonil'.ation capacity: 

Daily .................................... short tons .. 6,850 42,000 6,850 7,570 
Per year ....................................... do .... 2,000,000 10,800,000 2,000,000 1,930,000 

Resulting coke or semicarbocoal .................... do ... ·. 1,410,000 7,550,000 1,410,000 ............................ 
Investment required: 
· 1'otal .................. _ ............................ $14,400,000 $88,000,000 $14,400,000 $22,710,000 

Per cent 9f investment in power plant ................ 45 280 45 71 

Annual operating expense ................................ $14,920,000 $80,600,000 $14,920,000 $14,400,000 
Annual fixed charges .................................... 2,880,000 17,600,000 2,880,000 4,542,000 

Total annual production expense .................... 17,800,000 98,200,000 17,800,000 18,942,000 
Credit from by-products except coke ....................... 6,240,000 16,600,000 8,440,000 6,180,000 

11,560;000 81,600,000 9,360,000 12,762,000 
Return from coke sold ..................... _ .............. ........................ 75,550,000 .. .................... .......................... 

Net annual cost of fueL ............................ 11,560,000 6,050,000 9,360,000 12,762,000 
Cost of 1,200,000 tons of Clearfield coal fo.r: use raw ............. 7,500,000 7,500,000 7,500,000 7,500,000 

Difference: 
1'otal ............................................. 4,060,000 -1,450,000 1,860,000 5,262,000 
Per short ton of Clearfield coal ...................... . $3.38 -$1.21 $1.55 $4.38 

• 

• 

• 



APPENDIX L. 

BASIC COSTS. 

By the engineering staff. 

CONSTRUCTlON COSTS. 

The costs for labor and materials in construction prevailing at midyear of 1919 are used 
unless otherwise specified. 

FIXED CHARGES AG.AINST INVESTMENT. 

Fixed charges agaip.st investment have ·been subdivided into cost of m~ney, depreciatjon 
and-·obsolescence, and taxes and insurance. 1 

Oost of money.-Ten per cent has been taken as the cost of money for.investments of all 
. classes. The term ''cost of money" is used to express the allowable return upon investment; 
it 'iricludes the rate of interest, discounts, and profit. The resulting final costs are the price at 
which energy can be sold by the superpower system with proper return upon its investment. 

· ·Depreciation and obsolescence.-The charge for depreciation and obsolescence is varied to 
provide reserves on an annuity basis for the several classes of investment against which it 

i'-
~ 

1--r--.. 
-r-1--

1--1--1--1--

0 1000 2000 3000 4000 5000 eooo 
ANNUAL GROSS REVENUE IN THOUSANDS OF' DOLLARS 

FIGURE 61.-Relation of general expense to annual gross revenue for 60 
electric-utility companies in the superpower zone. Amortization fund, 
interest, taxes, and miscellaneous adjustments have been deducted. 

is figured. The percentages used are as fol
lows: Per cent. 
Steam-electric power plants .......... ~ . . . . . . . . . 4 
Hydroelectric power plants . . . . . . . . . . . . . . . . . . . . 3 
Hydraulic works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Transmission lines .... : . . . . . . . . . . . . . . . . . . . . . . . . 2 
Substations .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Taxes and insurance.-The following 
percentages have been used for taxes and 
Insurance: Percent. 
Steam-electric power plants . . . . . . . . . . . . . . . . . . . . 2 
Complete hydroelectric developments . . . . . . . . . . . 1. 5 
Transmission lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 5 
Substations ....................... ·............ 2 

GENERAL EXPENSE. 

General expense includes provision for salaries and expenses of administrative officers, 
engineers, and legal counsel, salarie.s of clerks, claims, general stationery, printing; and store 
and stable expenses. Amortization, taxes, and insurance have been included under fixed 
charges rather than under general expense. . 

An ·examination of public-service commission records for 60 electric-utility companies in 
the superpower zone showed that general expense ranges from about 10.5 per cent for a gross 
annual revenue of $200,000 to about 3.5 per cent for a gross annual revenue of $5,000,000 or 
more, as is ~hown by figure 61. · 

OVERHEAD CHARGES AG.AINST CONSTRUCTION. 

The rate used for Interest during construction is 7 t per cent, and this rate applied to the 
construction period for different classes of work results in the following charges: Steam-electric 
plants, 4! per cent; hydroelectric plants, 6 per cent; transmission lines and substations, 3 per 
cent. Taxes during construction are figured at 1 per cent. Superintendence, engineering, 
and contingencies are figured at 15 per cent. 
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APPENDIX M. 

STATIONS AND TRANSMISSION LINES OF ELECTRIC-POWER COMPANIES 
ENGAGED IN PUBLIC SERVICE. 

By A. J:I. HoRTON. 

The information given on Plate XI (in pocket) has been obtained from the power com
panies in the following n1anner: A proof map showing the stations and transmission lilies of 
the public-utility companies in each State included in the superpower zone was prepa~ed from 
the best information that could be ob.tained. A s~ction of this map showing the stations and 
transmission lines operated by· each company was sent to that company, which was requested 
to examine the map and report to the Geological Survey any errors detected or any changes 
that should be made. From the corrections and additions thus received a revised map of each 
State was prepared. The location of the power stations and transmission lines of those com
panies which did not reply to requests for information was determined from available published 
sources. 

The maps were prepared to be published as separate State maps, and the accompanying 
map of the northeastern United States has been produced from these State maps by photo
lithography. · The general outline of the superpower zone is shown on the map. In some of 
the congested areas in and around the large cities it was not possible to show all the power 
stations and transmission lines~ However, the names and addresses of the .companies that 
produce electricity for public use are shown in the following list, which includes the names of 
all companies in each State, ·even though only a portion of the State is shown on the map. The 
information on the map for New England and New York represents conditions in 1919; for 
Pennsylvania, New Jersey, Maryland, the District of Columbia, and Delaware, 1920; and for 
Virginia, 1921. 

In this list the names of the operating companies are arranged in alphabetic order, and the 
corresponding file numbers assigned to them are in general arranged in nuinerical order.. These 
file numbers are those used by the Geological Survey in its list of public ~tilities engaged in the 
production or distribution of electric energy. Where the numerical order conflicts with the 
alphabetic order the latter is followed, but the file number is rep~ated in the proper place, with 
the name of the operating company. Disarrangement of the numerical order is due to changes 
in the ownership of companies and .to the inclusion in the list of certain manufacturing companies 
which sell for public use a part of the current they generate for manufacturing and which are 
distinguished by ·a different system of file numbers. The generating stations of a company 
that operates more than one station are indicated by letters (A, B, C, etc.) placed after the file 
numbers, as 5905-A; the substations of a company that operates more than one substation are 
indicated by prefixing figures (1, 2, 3, etc.) to the file numbers, as 1-5985. The file number 
assigned to a company added to the list after consecutive numbers had been assigned to com
panies preceding and· following it consists, of the preceding number )Vith a figure added, as 
5985-1. A file number that contains more than four digits indicates a company that is not 
engaged primarily in producing electric power or not operated as a public utility. · 
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TABLE 100.-Electric-power companies engaged in public service- in the States in which the superpower. zone is s?:tuated. 

No. 

900 
901 
902 
903. 
904 

24095 
903 
906 

907 
920 

907 

909 
910 
911 
912 

24136 
913 

915 
24150 

917 

918 
24211 

920 
921. 
922 
924 
951 
925 
927 
928 
929 
930 
931 

932 
934 
936 
938 
939 
942 
945 
946 
947 

24376 
949' 

Connecticut.· 

Operating company. 

Baltic Mills Co ................... -.~ ... ___ .. _·_~ ... ~.~ .......... . 
Beacon Falls Electric Co._._ .. _ ... _________ . ____ ............... . 
Bristql &Phtinvi)le Tramway Co. ____ .· ......... _._: ..... : .. _._ .. , 
Clinton Electric Light &Power Co .. ___ ............ _ ....... _ ... . 
Central Connecticut Power & Light Co. ___ .: ___ : __ ._ ............. . 
Cheney Bros. _ .. _ ........................... _ . ____ ............ . 
Clinton Electric Light & Power Co .. ____ ._ .. __ ... _ ............ .. 
Conn·ecticut Co.: 

A .. --------------------------------------·-----------------
B ............................... , ........................ . 
C.-------------------------------------------------------
D ........................... ----------------------·-----------
F---------------------------------------------------------
G .... · ................... : ................. : .............. . 
H.----------·--.---------------------~------------------
J.--------------------------:-----------------------------

See Connecticut Power Co ............... -~ ........... ; .... _ ..... . 
Conne.cticut Light & Power Co.: . . . 

A ......................................................... . 
l~.---------------------------------------------------------
C ..... · ..................................................... . 
D ............ : .......................... : ................ . 

Connecticut Power Co.: 
A .......•......... ·.------·-----·-----------------------------
B .... -- -~ --------------------.---.------.----.- .. -- .. ------
C ....... : .... --------------------·-·---··--···--·----------
D ................. • ........................................ . 

Danbury & Bethel Gas & Electric Light Co._ .. _ .. ___ ... ____ . __ . __ 
Danbury & Bethel Street Railway Co. ____ . __ . __ . ___ . ______ . __ ._. 
Danielson & Plainfield Gas & Electric Co ____ .. __ . __ . __ ...... _ . __ .-
Derby Gas Co. __ . ___ ._. __ . ___ .. ------------.-.--- .... - .. · ... ---. 
Dunham Mills (I_nc.). ____ ~-. _____ . _ .... -- ... --- ...... -- .. --- .. . 
Eastern Connecticut Power Co.: 

A ...... ··-··-·-··-----------·----------·---·········-····-·-
B ......................................................... . 
C ........... , .............. ·-·-·--··--·-·--·············--·-

Essex Light & Power Co .. ______________ ....................... .. 
Farmington River Power Co .. ______ ... ----.---- ........... -.- .. . 
Hartford Electric Light Co.: . 

A .............. ------··-···-··-----····-·-·-··---·········· 
B--······---------·-----·---·----·--·------··-··---·-----··-

·Hartford & Springfield Street Railway Co. __ ....... ---.---.- ..... . 
International. Cotton Co _________ . ____ -_ ...... - ... - - .... - .. - .. - .. . 
See Connecticut Light & Power Oo ______________ ......... -- .... .. 
K_ent Electric Li~ht ~~ Gas Co .. ______ .... -- ...... · ............. .. 
Litchfield Electnc Light & Power Co .............. -- ........... .. 
Lyme Electric Power Co ... _ ............. " ................... - -
Manchester Electric Co._ ..................................... -. 
Meriden Electric Light Co ... ____________ ....................... . 
Municipal electric plant. ... _. __ ., .............................. . 

... . . do ........... -·------·-·-------·-- .. -- .. ------------ ... - .. 

..... do ....................................... -- .......... -- ... . 
South Norwalk Electric Works .. ____ ............................ . 
Municipal electric plant: 

A ........ ·-----··············--···---·-----····-··.---·--·-·-
B .......................................................... . 

Mystic Power Co ..... _ ................... -.-.- ............ - ... . 
New Hartford Electric Go_ . _ . _ .. _ ........ - ................ - ... . 
New Milford Electric Light Co __ .......................... _ .. _ .. . 
New York, New Haven & Hartford Railroad Co .................. -
Northern Connecticut Light & Power Co .. , ...................... . 
Peoples Light & Power Co. __ .............................. -.- .. . 
Putnam Light & Power Co._ ........ - ......... · ......... - ....... . 
Ridgefield Electric Co ............................... · ... --.-.---.-
Rockville-Willimantic Lighting Co.: 

A ................................ o •••••• · •••••••••••••••••••• 

B .... ------------------·-------·-·-·····-··-----·-··-······ C ... _, ___ ; ______________ ,, ................................ . 
Scovill Manufacturing Co ..................................... -.· 
Shore Line Electric Railway Co.: 

A ............... ·--·--.··-· ...... ·-·· ........ _. ____ -····- .. . 
B--------------····------········-······-·-·-····----------
D ........................................................ . 
F------···--····----·-····-·············---··-···-········ 

Baltic. 
Beacon Falls. 
·Bristol. 
Clinton. 
Leesville. 
Manchester. 
Clinton. 

Berlin. 
Bridgeport. 
Burrville. 
New Haven. 
WestHaven. 
Hartford. 
Shelton. 
Danielson. 
Canaan, etc. 

Branford. 
Waterbury. 
Bulls Bridge. 
Stevenson. 

Canaan. 
Falls Village. 
Middletown. 
New London. 
Danbury. 

Do. 
Plainfield. 
Derby. 
Poquonock. 

Montville. 
TunneL 
Hall ville. 
Essex. 
Windsor. 

Tariffville. 

Station. 

:Dutch Point. 
Warehouse Point .. 
New Hartford. 
Branford, etc. 
Kent. 
Bantam. 
Lyme. 
South Manchester. 
Meriden. · 
Jewett City. 
East Norwalk . 
Norwich. 
South Norwalk. 

Wallingford. 
North Haven. 
Westerly. 
New Hartford. 
New Milford. 
Coscob. 
Windsor Locks. 
Danielson. 
Mechanicsville. 
Ridgefield. 

Rockville. 
Stafford. 
Willimantic. 
Waterbury. 

Saybrook. 
Thamesville. 
Mystic. 
New London. 
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.. S'l?ATJQN~ AND TRANlSMJSSI.ON LI~ES .OF: E.LECTRif}-PQWER: COMPANIES. · _: ;., . 2~.9 

.TABLE 100.-Elf3ctric-ppwer compan~es.engag~d in·publ~c service irt the _States in. which the superpower~z9ne. is situated-Co~. 

No. 

950 
930 
951 
952 
953 
955 
957 
958 
960 

963 
24773 

965 
966 

24095 
24136 
24150 
24211 
24376 
24473 

1051 
1051-1 

1052 

1053 
1054 

3300 

3347 
3301 
3302 

3303 

330·1 
3305 
330(i 
3307 
3309 
3310 
3313 
3314 
3315 
3318 

3319 
3~20 
3321 

Connecticut-Continued. 

! ·.:. 
Operating company. 

Sims bury Electric Co ............................... · .... , ...... . 
South Norwalk Electric Works ..................... · ............ .. 
Manchester Electric Co ..... ~ ........... : : ..................... . 
Stamford Gas & Electric Co ...... : ............. : ... : ......... :.:. 
Talcott Bros: ... ; ....................................... ~ ..... : 
Torrington ~lectric Light ~o .................. : .... : ...... : ...... : 
U ncas Po\ver Co ............................................... . 
Union Electric Light & Power Co ............................. : .. 
United Illunlinating Co.: . 

A ......................................................... . 
B ........... , ...... , .................................... ~:. 

W~stport Water Co: .......................................... ~ .. 
Wmchester Repeating Arms Co ................................ . 
Winsted Gas Co ........................................ · ...... ~~. 
Woodbury Electric Co ....... : ....................... : .......... ~ 
Cheney Bros .................................................... . 
Dunham Mills .(Inc.) ............................ · ............... . 
Farmington River Power Co .................................... . 
International Cotton Co ........................................ ; 
Scovill Manufacturing Co ...................................... ·. 
Winchester Repeating Arms Co ..... ~ ....................... : .. : 

District of Columbia. 

Capital Traction Co.: ...................................... ~ .. . 
East Washington Heights Traction Railroad Co ................... . 
Potomac Electric Power Co.: 

A .......................................................... . 
B ......................................................... ·. 

Washington Railway & Electric Co ..... : ...................... .. 
Washington-Virginia Railway Co ................................ . 

Maine. 

Andros~.oggin Electric Co.: . 
/\ ................................................... _, ... : . .. . 
B .............. : .......................................... . 
c ............................... ; ......................... . 
D ........................................................ . 

Androscoggin & Kennebec l~ailway Co ......................... . 
Aroostook Valle v Railroad Co ................................... . 
Atlantic Shore Railway Co.: . 

A ..................... ::- ................................... . 
B .................................... ~ .................... . 
·D ........................................................ . 

Bangor'Power Co.: 
A ......................................................... . 
B ....................................... · .................. . 

;Bang~r Rail wa v t~ Ele~tric Co .................................. . 
Bar Harbor & Umon RIVer Power Co ........................... . 
C. H. Bartlett ~:fanufacturing Co ................... , ............ . 
Belo-rade Power Co ............................................ . 
Ber~vick & Salmon Falls Electric Co ............................. . 
Bethel Light Co .............................................. . 
Bridgewater Electric Co ....................................... . 
:Bridgton Water & Electric Co ................................. . 
Brownville Electric Light & Power Co .......................... . 
Calais Street Railway Co.: 

A ......................................................... . 
B .............. · ........................................... . 

Carrabassett Ught & Power Co ................................. . 
Caribou Water, Light & Power Co ............................... . 
Central Maine Power Co.: 

)\ ......... ................................................ . 
B ......................................................... . 
0 ......................................................... . 
D ........................................................ . 
E ......................................................... . 
F ........................................................ . 
G ......................................................... . 

Station. 

SimE! bury·: . · .. , ; 
South Norwalk. . . 
South Manchester .. 
Stamford. · 
Talcottville. 
·Torrington. 
Windham. 
Unionville. 

Bridgeport. 
New Haven. 
Westport. · 
New Haven. 
Wmsted. 
Woodbury. 
Manchester. 
Poquonock. 
Windsor. . 
New Hartford. 
Waterbury. 
New Haven. 

Georgetown. 
Washington. 

Hennings. 
Fourteenth Street. 
Washington. 

Do. 

Barkers Mills. 
Deer Rip No. 1. 
Lewiston No.4 . 
Littlefield No. 2. 
Hallowell. 
Presque Isle. 

Estes. 
Kennebunkport. 
Old Falls. 

:Milford. 
Veazie. 
Bangor. 
Ellsworth. 
North New Portland. 
Belgrade. 
South Berwick. 
BetheL 
Bridgewater Center. 
Bridgton. 
Brownville. 

Calais. 
Do. 

North Anson. 
Caribou. 

Augusta. 
Bath . 
Belfast. 
Brunswick. 
Benton. 
Fairfield. 
East Orland. 

I' 
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·TABLE 100 .-Electric-power companies engaged in publw service in the States in which the superpower zone is situated-Con • 

. Maine-Continued. 

No. 

3321 

3322 
3323 
3324 
3325 

3326 
3327 
3329 
3330 
3333 
3334 
3336 
3337 
3338 
3339 
3340 
3341 

35743 
3343 
3344 
3346 
3347 
3348 
3349 
3376 

3350 
3351 
3352 
3354 
3355 
3354 
3356 

3357 
3358 
3359 
3360 
33()1 
3363 
3364 
3365 
3366 
3367 
3368 

3370 

Operating company. 

Central Maine Power Co.-Continued. 
H ....................................................... . 
J ..................... ······················ ·············· 
K ....................................................... . 
L ........................................................ . 
M ..................... · ................................... . 
N ......................................................... . 
P ....... ~ ................................................ . 
R ........................................................ . 
T ........................................................ . 

. v ......................................................... . 
w ....................................................... . 
X ........ · ............................................... . 
Y ........................... : ...... ~ ..................... . 
AA ....................................................... . 

Cherryfield Electric Light Co .............. ~ .......... : ......... . 
Clark Power·Co ............................................... . 
Cornish & Kezar Falls Light & Power Co ........................ . 

Fairfield. 
Farmingdale. 
East Dover. 
Greenville. 
Burnham. 
Union Gas. 
Skowhegan. 

Do. 
Waterville . 
Oakland. 
Winslow. 
Rice Rips. 
Skowhegan. 
Bruns wick. 
Cherrvfield. 
Union Falls. 
Kezar Falll!l. 

Cumberland County Power & Light Co.: 
A .................. -· ............. · ......................... Bonny Eagle. 
B ................... ----.--·- ............................... North Gorham. 

g-_-_-_-_-_-_-_-_·_-:::::::::::::::::::::::::::::::::::::: :·::::::::: W':ar~1~~ton. 
E .......................................................... Hiram. 
F........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Forest A.venue. 
G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Plum Street. 

Station. 

Danforth Electric Light Co...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Danforth Village. 
Dennistown Power Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jackman. 
Easton Electric Co ............................................. Easton. 
Eastport Electric L:lght Co ......................... .' ............ Eastport. 
Farmin~on Power Co .............. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . Farmington. 
Fort Faufield Light & Power Co .................................. Fort Fairfield. 
Fort Kent Electric Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wallagrass. 
Franklin Light & Power Co..................................... Anson. 
Fryeburg Electric Light Co. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fryeburg, 
Gould Electric Co ..................... :....................... Presque Isle. 
Hartland :Electric Light Co ....... · ............................... Hartland .. · 
Houlton Water Co.............................................. Houlton. 
International Paper Co......................................... Livermore Falla. 
Island Lighting Co .............. ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Island Falls. 
Vinalhaven Light & Power Co .................................. Vinalhaven. 
Kingfield Light Co ............................................ · Kingfield. 
And'"roscoggin & Kennebec Railway Co .......................... Hallowell. 
Western Maine Power Co ........................................ Limerick. 
I.~imestone Light & Power Co .................................... Limestone. 
Lincoln County Power Co.: 

A ............... · ......................................•.•. 
B ........................................................ . 

Lisbon Falls Electric Co ....................................... . 
Livermore Falls Light & Power Co .............................. . 
Washington County Light & Power Co .......................... . 
Morrill Mill Co ............................................... . 
Mallison Power Co ..... : . ...................... ·. · .............. . 
Merrill Mill Co ............................................... . 
Milo Electric Light & Power Co.: 

A ........................ : ...•........................•.• : 
B ....... ~ ................................. ~ ........... · .. . 

Monmouth Electric Co ......................................... . 
Monson Light & Power Co ............................. · ........ . 
Monticello Electric Co ......................................... . 
G. H. Mooers .................................................. . 
Municipal electric plant ...................................... . 
..... do ....................................................... . 
..... do ....................................................... . 
. . . .. do ....................................................... . 
..... do ....................................................... . 
Oquossoc Light & Power Co ................................... . 
Oxford Electric Co.: 

lt ....................................................... . 
B ....................................................... . 
c ......................................................... . 

Pennamaquam Power Co ..••..... · .............................. . 

Damariscotta 'Mills. 
Bristol. 
Boston, Mass. 
Livermore Falls. 
Machias, etc. 
Patten. 
South Windham. 
Patten.· 

Milo. 
Sebec. 
Monmouth. 
Monson. 
Monticello. 
Ashland. 
Bangor. 
Kennebunk . 
Lewiston . 
Madison . 
Newport . 
Kennebago Falls. 

Mechanic Falls. 
Norway. 
South Paris. 
Pembroke. 

\ 

, 

•• 

• 
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TABI..E 100.-Electric-power companies engaged in public service in the States in which the superpower zone is situated-Con. 

No. 

3373 
3376 

3377-1 
3378 

3379 
3382 
3383 
3385 
3388 
3389 
3390 
3391 

3391-1 
3392 
3344 
3352 

3348 
3395 
339() 
3397 

35799 
3400 
3401 
3403 
340t1 

35743 
35799 

3500 
3501 
3502 
3504 
3505 
350(\ 
3508 

3509 
351.0-1 

3511 
3513 

3514 
35:13 
35Hi 
3517 

3518 
3519 

3520 
3521 
3522 
3523 
3524 
3525 

Maine-Continued. 

Opornting company. 

Phillips Electric I .. ight & Power Co ............................. . 
I..incoln County Power Co ...................................... . 
Portsmouth, Dover & York Street Rail way Co .................. . 
Presumpscot Electric Co.: · ' 

A ....................................................... . 
B ....................................................... . 
c ......................................................... . 
D ............................................. · ........... . 

Readfield Ught & Power Co ................................... . 
Rumford Falls Light & Water Co .............................. . 
Rumford Falls Power Co ...................................... . 
Somerset Traction Co .......................................... . 
Stratton Electrk Light Co .............. : ........ : ............. . 
Swan Falls Co ................................................ . 
C. A .. Thompson & Co ......................................... . 
Tmner Light & Power Co ..................................... .. 
Turner Transformer Co ......................................... . 
Van Bmen Light & Power district ............................ .. 
Vinalhaven Light & Power Co ................................ .. 
Washington County Light & Power Co.: 

A ....................•............................. : ..... . 
B ....................................................... . 

Western Maine Power Co ....................................... . 
Westfield Electric Co ......................................... . 

~il~~~rf~g~e{;~~~~~·-·.·.·.·.·.·.· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~::: ~ ~: ~ 
Wing Spool & Bobbin Co ..................................... .. 
Winthrop & Wayne Light & Power Co .......................... . 
Wiscasset Electric Light & Power Co ............................ . f ~;kC~~nf;~~~~!r ~<>;. ~ ....................................... . 

~~ ~:: :·:::::::::::::::::::: ~:::::::::::::::::::::::::::::: 
International Paper Co ........................................ . 
Wing Spool & Bobbin Co ....................................... . 

Maryland. 

A:imapolis Public Utilities Co .................................. .. 
Antietam Electric I..ight & Power Co ........................... .. 
Baltimore County Electric Co ........... : .............. ; ...... . 
Baltimore, Halethorpe & Elkridge Railway Co .................. . 
Baltimore, Sparrows Point & Chesapeake Railway Co ........... . 
Baltimore & Bel Air Electric Railway Co ............ · ............ . 
Bel Air Electric Co.: 

A ........................................................ . 
B ........................... .' ............................ . 

E. A. C. Bucky ............................................... . 
Capital Traction Co ............................................ . 
Chestertown Electric Light & Power Co ........................ . 
Consolidated Gas,. Electric Light & Power Co.: 

A ......................................................... ·. 
c ......................................................... . 

Consolidated Public Utilities Co ................................ . 
Consumers Ice Co .............................................. . 
Cumberland Electric Railway Co .............................. . 
Cumberland & Westernport Electric Railway Co.: 

A .................................. ~ ...................... . 
13 .............................•...•........................ 

Delmarvia Utilities Co ........................................ . 
Eastern Shore Gas & Electric Co.: 

A ......................................................... . 
B ......................................................... . 
c ......................................................... . 

Edison Electric Illuminating Co ................................ . 
Electric Ice Manufacturing Co .................................. . 
Elktpn Electric Light & Power Co ............................. . 
Emmi tsbmg· Electric Co .......................•................ 
Gil pins Falls Electric Co ...................................... .. 
Hagerstown & l!rederick Railway Co .................... : ...... .. 

Station. 

Phillips. 
Damariscotta Mills, etc. 
'Kittery Point. 

Dundee. 
Eel Weir. 
Saccarappa. 
Smelt Hill. 
Readfield. 
Rumford. 

Do. 
Skowhegan. 
Eustis. 
Fryeburg. 
New Sharon. 
Tmner. 
South Turner. 
Van Buren. 
Vinalhaven. 

Machias.· 
Pleasant River. 
Limerick. 
Westfield. 
Farmington Fal13. 
Wilton. 
Kingfield. 
Winthrop. 
Wiscasset. 
Yarmouth. 

Biddeford. 
Sanford. 
Livermore Falls. 
Kingfield. 

Annapolis. · 
Breathedsville. 
Baltimore. 

Do. 
Do. 

Bel Air. 

Bel Air No.1. 
Bel Air No. 2. 
Union Bridge. 
Chevy Chase. 
Chestertown. 

Ilchester. 
Westport. 
Westminster. 
Crisfield. 
Cumberland. 

Clarysville. 
Reynolds. 
Ocean City. 

Denton (hydroelectric). ' 
Salisbury. 
Denton (steam). 
Cumberland. 
Pocomoke City. 
Elkton. 
Emmitsburg. 
Gilpins Falls. 
Security. 
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. TAB~E 100.-Electr?·c-power companies engaged.in.public service.in the States 1:n.which the sttperpow~r zone is·situated-CoJi. 

No. 

3526 
3526-1 

3527 
3528 
3530 
3531 
3532 
3533 
3534 
3535 
3536 
3537 
3538 
3540 
3541 
3542 
3543 

3543-1 
3543-2 

3544 
3545 

3545-1 
3546 
3549 
3550 
3551 
3552 
3555 

3551-1 
3557 
3558 
3559 

3560 

3601 
3602 
3603 
3604 
3605 

3607 
3608 
3609 
3610 

3611 
3612 
3614 
3616 

3618 
3620 
3621 
3622 

37440-1 
3623 
3626 
3627 

Maryland~Continucd. 

Operating company. Station. 

Havre de Grace Electric Co ......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . Havre de Grace. 
Hillsboro Lighting Co.......................................... Hillsboro. 
Home Electric Light Co~ ............. _ .. : . ... _ . . . . . . . . . . . . . . . . . Lonaconing. 
Home Manufacturing Light & Power Co .... _.................... Elkton. 
Kensington Railway Co. & Sandy Spring Railway Co............. Kensington. 
Lorraine Electric Railway ............ _ .. _._. __ .. _._ ... __ ....... Baltimore. 
Maryland Electric :Railwavs Co ................ _ . . . . . . . . . . . . . . . . Annapolis. 
Midland Electric J_,ight Co ....... _ ... __ .... _. __ ... __ .... _....... Midland. 
Mountain Lake Park Association ..... __ ... __ .. _ ... __ .... _....... Mountain Lake Park. 
Mount Washington Electric Light & Power Co .. __ ......... _ .. ~ ... Baltimore. 
Municipal electric plant .......................................... Aberdeen. 
..... do .................................... _ ........ _ ........... Berlin. 
..... do ................................ : ........ ;.............. Centerville. 
..... do ........... _ ............................................ Easton. 
..... do ......................................................... li'rederick.· 
..... do.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hagerstown. 
..... do ......... ~ .... ;......................................... Laurel. 
..... do ........................................................ Queenstown. 
..... do .......... :· ............................................. Rock Hall .. 
..... do ........................................................ Williamsport. 
New Windsor Electric Light & Water Co ........................ New Windsor. 
Northern Maryland Electric Co .................................. Oxford, Pa. 
Oakland Electric Co ........................................... Oakland. 
Perryville Electric Co........................................... Perryville. 
Port Deposit Electric Co......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Port Deposit. 
Princess Anne Electric Plant... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Princess Anne. 
St. Michaels Utilities Commission .............................. _ St. Michaels. 
Snow Hill Electric Light & Power Co ........................... Snow Hill. 
Stockton Electric l-ight Co.:.................................... Stockton. 
Towson & Cockeysville Electric Railway Co ..................... Bel Air. 
Union Bridge Electric Manufacturing Co ........................ Union Bridge. 
United Railways & Electric Co.: . . 

C .......................................................... Owings Mill's, Baltimore. 
D.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pratt Street, Baltimore. 

Washington, Baltimore & Annapolis Electric Railroad Co ......... Baltimore. 

Massachusetts. 

1:~~~i~~{V~~fe~ rc~.----~ ~ ~ ~ -------~ ~: ~: ~ ~:::::::::::::::::::::::::: 
Amesbury Electric Light Co .................... ·_ .............. . 
~l\.mherst Gas Co ........................................... ~ ... . 
Athol Gas & Electric Co.: 

A-----·----·----------------·------------·----··--·------·-
B ......................................................... . 
C--··----··---------··-------------------------·-----------

Attleboro Steam & Electric Co ....................... _ ...... _ ... . 
Ayer Electric Light Co ........................... : . ........••.. 
Eastern Massachusetts Street Railway Co ............. _ .......... . 
Berkshire Street Railway Co.: 

A ......................................................... . 
B .................... ! ........ ···-······ .................. . 

Beverly Gas & Electric Co .................................... . 
Blackstone Electric Light Co ................................... . 
Blue Hill Street :Railroad Co .................................. . 
Boston Elevated Railway Co.: 

A ......... ; ........... · .................................... . 
B ......................................................... . 
C ......................................................... . 
D ......................... .' ..................... .' ..... .' .. . 
E ......................................................... . 
F ........................................................ . 

Boston & Worcester Street Railroad Co ......................... . 
Brockton & Plvmouth Street :Railway Co ....................... . 
Buzzards Bay Electric Co ................................ ; ...... . 
Cambridge Electric Light Co .................................. . 
Cape Cod Cold Storage Co ...................................... . 
Central Massachusetts Electric Co ............................... . 
Charlemont Electric Light & Power Co .......................... . 
Charlestown Gas & Electric Co ........................ · ......... . 

Springfield. 
Maynard. 
Amesbury. 
Amherst. 

Athol. 
Wendell Depot. 
Farlev. 
Attleboro. 
Ayer. 
Byfield, etc. 

Pittsfield. 
Zylonite. 
Beverly. 
Blackstone. 
Canton. 

Central. 
Charlestown. 
Dorchester. 
Cambridge. 
Lincoln. 
South Boston. 
Framingham. 
Plymouth. 
Falmouth. 
Cambridge. · 
Provincetown. 
Blanchardville. 
Charlemont. 
Charlestown. 

•• 

• 
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1'AHJ,E 100.-Electn·c-power companies engaged in public service tn: the States in 'luhicl~ the superpower zone is sit'lwted-Con. 

No. 

3628 
3(i29 
3(i30 
3631 
3fi33 

3633-1 
360!) 

3634 
3636 

3637 
·3638 
3639 
3640 
3641 

3642 
3643 
3644 
3646 

3648 
3649 
3950 
3651 
3653 
3655 
3656 
3658 
3660 
3662 
3664 
3665 
3666 
3667 
3669 

3669-1 

3671 
3672 
3673 
3675 
3676 

3677 
3678 
3679 
3681 
3682 
3683 
3684 

3684-1 
3685 
3686 
3687 

Massachusetts-Cpntinucd . 

Operating company. 

Chester Electric Light Co ..................................... . 
Citizens Gas, Electric Light & Power Co ........................ . 
Olin ton Gas Light Co .......................................... . 
Concord, Maynard & Hudson Street B,ailroad Co ................. . 
Conway Electric Street Railway Co ............................. . 
Eastern lVfassachusetts Electric Co ............................. . 

I 

Chester. 
Nantucket. 
Clinton. 
Maynard. 
Conwav. 
Boston". 

Station. 

East6rn :Massachusetts Street Railwav Co.: 
A .......................... : ... ~ ........................... Byfield. 
]3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Chelsea. 
C.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Essex :Falls. 
]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gloucester. 
]~.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IIaverhill. 
:F ......................................................... IIvde Park. 
I:I ....... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lawrence . 
J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Quincy. 
1(. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I,ynn. 
L ......................................................... Salem. 
1\'[ ••..••••••••••••••.•......••...•.......•••..••••..•.•••• ·Woburn. 
N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lowell. 

Easthampton Gas Co............................................ Montague City. 
Edison Electric Dluminating Co. of Boston: 

A ....................................................... . 
D ........................................................ . 

Edison Electric Illuminating Co. of Brockton .................. . 
Electric Light & Power Co. of Abington and Rockland .......... . 
Fall lliver Electric Light Co ................................... . 
Fitchburg Gas & Electric Light Co ............................. . 
Fitchburg & Leominster Street Railway Co.: 

A ........................... : ........................... . 
B--------···--·------------------------------------------

Ftanklin Electric Light Co ..................................... . 
Gardner Electric !_,ight Co ..................................... . 
Gloucester Electnc Co ......................................... . 
Greenfield Electric Light & Power Co.: 

A ........................................................ . 
B ....................................................... . 

Haverhill Electric Co ......................... · ................. . 
Holyoke.Street Railway Co ................................... . 
Holyoke Water Power Co ..................................... . 
Huntington Electric Light Co ....................... -.......... : 
Interstate Consolidated Street Railway Co ....................... . 
Lawrence Gas Co ........... .' ................................. . 
Lee Electric Co .............................................. . 
Leominster Electric hght & Power Co ......................... . 
Lowell Electti? Li~ht Corporation .............................. . 
Ludlow Electnc L1ght Co ..................................... . 
Lynn Gas & Electric Co ....................................... . 
Malden Electric Co ........................................... . 
Manchester Electric Co ........................................ . 
Marlboro Electric Co ........................................... . 
:Merrimac Valley Building & Power Co .......................... . 
Metropolitan District Commission: 

A ........... : ......................... : ................. . 
:B .. ---------------·-------------------·---------·---------

Middletown Electric Light Co ............ · ..................... . 
Milford, Attleboro & Woonsocket Street Railway Co ..... · ........ . 
Milford Electric Light & Power Co ............................ . 
Mill River Electric Co ......................................... . 
Monument Mills: 

A ............. : ........................................... . 
]3.--.---.--.---------------.----------------.---.----------

Municipal electric plant ...................................... . 
.. . . . do ....................................................... . 
. . . . . do ....................................................... . 
. . . . . do ............................................ · ..... -------
- .... do ......................................... : ............. . 
.. . .. do .. · ..................................................... . 
.. . . . do ........ ------ ......................................... . 
. . . . . do ....................................................... . 
Pepperell Electric Light & Power Co .. ·_ ....................... . 
Municipal electric plant ...................................... . 

. . . .. do .................................... - ... ---- ... --- ..... . 

South Boston . 
Atlantic A venue. 
East Bridgewater. 
North Abmgton. 
Fall River. 
Fitchburg. 

Do. 
Do. 

Turners Falls. 
Gardner. · 
Gloucester. 

Greenfield. 
Gardner Falls. 
Haverhill. 
Holyoke. 

Do. 
Huntington. 
Springfield. 
Lawrence. 
Lee. 
Leominster:. 
Lowell. 
Ludlow. 
Lynn. 
Malden. 
Manchester. 
Marlboro. 
Amesbury. 

Wachusett. 
Sudbury. 
Middletown. 
Unionville. 
Boston. 
Williamsburg. 

Stockbridge No. 1. 
Stockbridge No. 2. 
Ashburnham. 
Belmont . 
Boylston Center . 
Chicopee . 
Concord. 
Danvers . 
East Braintree . 
Georgetown . 
East Pepperell. 
Groton. 
Groveland . 
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TABI,E 100.-Electric-power companies engaged in public servtce in the States in which the superpower zone i.r; sit11.ated-C<Jn. 

Massachusetts-Continul.'d. 

No. Operating company. Station. 

-------1------------------------------------
3688 Municipal electric plant ....................................... Hingham. 
3689 ..... do ........................................................ Holden. 
3690 ..... do ..... : ............................... ; ................... Holyoke. 
3691 ..... do ............................... ~ ........................ Hudson. 
3692 ..... do ....................................... ·. . . . . . . . . . . . . . . . . Hull. 
3693 ..... do ........................................................ Ipswich. 
3694 ..... do ........................................................ Littleton. 
3695 ..... do ................................................. · ....... Lunenburg. 
3696 ..... do ........................................................ Mansfield. 
3697 ...... do ........................................................ Marblehead. 
3698 ..... do ................. · ........................................ Merrimac. 
3699 ..... do ......................................................... Middleboro. 

~~gg ::::: ~~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~~ ~ : ~::: ~ ~ ~ : : : : ~ ~ ~ ~~~~ ~~~:~oro. 
3701 ..... do.· ......................................................... Norwood. 
3702 · ..... do ............................... · ......................... Peabody. 
3704 ..... do ... _____ .. _._ ... __ . __ .. __ .. _ .. _ .. _ ... ___ . ____________ ._. Reading. 
3705 _ .. _.do .. ___ .. __ .. __ ... : .. _ ... ___ . __ ._. ____ .. _. ___ .~ ___ . ______ .· Rowley. 
3706 .... _do. __ .. __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Shrewsbury. 
3707 ..... do ...................... · ................................... South Hadley. 
3708 ..... do ...................... _. ..... ·_........................... Sterling. 
3709 ..... do .... · .... _ ............................................... Taunton. 
3710 ..... do ........................................................ Templeton. 
3711 · .. -... do~ ............................ : .......................... Wakefield. 
3712 ..... do .......................................... _._ ..... _ ..... Wellesley. 
3713 .· .... do ...................... _ ...... _ .... __ ...... _ .. _ ........... West Boylston. 
3714 ..... do .. _._._._ ... _ .............. _ .... __ .............. _ ...... _~ Westfield. 
3717 New Bedford Gas & Edison Light Co ... __ .... _ ..... ~ ...... _ ... _. New Bedford. 
3719 Newburyport Gas & Electric Co .... __ .................... _ .... _ Newburyport. 
3720 New England Power Co.: 

3721 
3722 
3723 
3724 
3725 
3727 
3729 
3685 
3734 

3735 
3739 
3740 
3741 
3742 
3743 
3744 
3745 
3746 
3747 
3749 
3751 
3752 
3755 

3756 
3757 
3758 
~759 

~:: ~::::::::::::::::::::::::::::::::::::::: ~:: ~:::::::::: 
C.-·.-----------------------------··----·---·--·-----------D ________________________________________________________ _ 

E----··------·-······-··-------··------------------·-----
F ........................................................ . 

Norfolk & Bristol Street Railway Co _______ :. _ . _ . ____ . __ .. : ____ _ 
North Adams Gas Light Co ... _ .. _. ___ .. c _ ••• ____ • __ • _ •• __ • __ • _. 

Northampton Electric Lighting Co .. __ .. ___ .... __ .. ____ .. __ .. ___ 
Northampton Street Railway Co. __ . __ ..... __ ....... _______ .... 
Municipal electric plant. ... _____ .... _ .... __ .· _ .. _ ... __ .. __ . _. __ _ 
Norton Power & Electric Co ..... __ .. __ ........................ . 
Norton, Taunton & Attleboro Street Railway Co ................ . 
Pepperell Ele"ctric Light & Power Co ........... _ .. _._ ...... _ .. . 
Pittsfield Electric Co.: . 

Deerfield No. 5. 
Deerfield No.2. 
Deerfield No. 3. 
Deerfield No.4. 
Fitchburg. 
Uxbrid_ge. 
South Walpole. 
North Adams. 
Northampton. 

Do. 
North Dana. 
Chartley. . 
Norton. 
East Pepperell. 

A ... __ .... _ .. _ ........................... l .... _ .......... Silver Lake. 
B .......................... ~ ............ _ ................ 

1 

Pittsfield. 
Plymouth Electric Light Co.................................... Plymouth. 
Provincetown Light & Power Co ........................... _ ... Provincetown. 
Quincy Electric Light & Power Co ............... -- .......... ---~ Quincy. 
Randolph & Holbrook Power & Electric Co. . . . . . . . . . . . . . . . . . . . . Randolph. 
Salem Electric Lighting Co ..................... _ ..... _ ...... _ .. Sa)em. 
Seekonk Electric Co ............................... _ .... _ ...... Seekonk. 
Shelburne Falls & Colerain Street R.ailway Co .................. Shelburne Falls. 
Shirley Electric Co.: ........................................... Shirley. 
Southeastern Massachusetts Power & Electric Co ................ Marion. 
Spencer Gas Co ......... · .................. ".................... Spencer. 
Southern Berkshire Power & Electric Co..... . . . . . . . . . . . . . . . . . . . . Great Barrington. 
Suburban Gas & Electric Co.................................... Revere. 
Sunderland Electric Light & Power Co ......................... Sunderland. 
Turners Falls Power & Electric Co.: " 

A ............•........................................... 
B ....................................................... . 
C ....................................................... . 

Tyngsboro Electric Light Co ........ · ... c ..................... .. 

Union Light & Power Co .... , ......... .' ....... .' ............... . 
Union Street Railway Co ...................................... . 

Hampden. 
Turners Falls. 
Cabot. 
Tyngsboro. 
Franklin. 
New Bedford. 

United Electric Light Co.: . 
A ........................................................ Indian Orchard. 
B ....................... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bircham Bend. 
C .............. .' ......... ;............................... Springfield. 

• 

• 



• 

• 

• 

, 

STATIONS AND TRANSMISSION LINES OF ELECTRIC-POWER COMPANIES. 235 

TABLE 100.-Electric-power companies engaged in public service in the States in which the superpower zone is sttuated-Con . 

No. 

3760 

. 3761 
3764 

3764-1 
3765 
3766 
3767 
3768 

3769 
3770 

37440-1 

5400 
5401 
5402 

5403' 
5404. 
5405 
5406 
5407 
5408 
5410 
54J2 
5414 
5415 
540() 

5416 
5417 
541g 
5422 
5423 
5424 

5425 
5425-1 

5426 
5427 
5429 
64.30 
5431 
5432 

5433 

5435 

Massachusetts-Continued. 

Operating company. 

Vineyard Lighting Co.: 
A ........................................................ . 
B ....................................................... . 

Ware Electric Co ............................................. . 
Webster & Southbridge Gas & Electric Co .............. : ....... . 
Westfield Power Co .......................................... . 
Weymouth Light & Power Co ...................... · ............ . 
Williamstown Gas Co •......................................... 
Winchendon Electric Light & Power Co ............ , .......... . 
Worcester Consolidated Street Railway Co.: . 

B ....................................................... . 
C ......................................... · .............. . 
D ......... · .... · ........................................... . 
E ........... -~-- ........................................ . 

Worcester Electric Light Co ................................... . 
Worcester Suburban Electric Co ............................... . 
Cape Cod Cold Storage Co .................................... . 

New Hampshire. 

Station. 

Vineyard Haven. 
Oak Bluffs. 
Ware . 
Webster. 
Westfield. 
East Weymouth. 
Williamstown. 
Winchendon. 

Leominster .. 
Milbury. 
Northboro. 
West Berlin. 
Webster Street. 
Uxbridge. 
Provincetown. 

'William F. Allen Light· Co ...................................... J West Stewartstown. 
Alto1,1 Electric Light & Power Co .. : ................. · ............. Alton. 
Antrim-Bennington Electric Light & Po\\'er Co.: 

A ......................................................... . 
B ......................................................... . 

Municipal Electric Commission ................................ . 
Berlin Street Railway Co ...................................... . 
Bethlehem Electric O.o ............. : .. , ........................ . 
See Concord Electric Railways ........ , ......................... . 
Bradford Light & Power Co ................................. \ .. .,. 
Bristol Electric Light Co_. ...................................... . 
Canaan & Enfield Electnc Co .................................. . 
Vermont Hydro Electric Corporat'on ............................ . 
Clontman Gas & Electri<; Co .................................... . 
Concord Electric Co ........................................... . 
Concord Electric Railways: 

A .....•.............. · ..................................... . 
B ......................................................... . 

Contoocook Electric Light Co ........................ · ........ · .. . 
Conway Electric Light & Power Co .............................. . 
Derry Electric Co .... · ..................... , .................... . 
Exeter & Hampton Electric Co ............ ·.·.·.· ................... . 
0. D. Fessenden ................................... ~ ........... . 
Franklin Light & Power Co.: 

Antrim. 
Bennington. 
Ashland. 
Gorham. 
Bethlehem. 
:Franklin, etc. 
Bradford. 
Bristol. 
Raymond. 
Claremont. 
Farmington. 
Sewalls Falls. 

Franklin. 
'Vest Concord. 
Davisville. 
Center Conway. 
Derry. 
Exeter. 
South Brookline. 

A.. . • • . . • . • . . . . . • • • • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . • . . . Franklin. 
B..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Salino':ri Brook. 

Goodrich Falls Electric Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Goodri<"h Falls. 
Grafton County Electric Light & Power Co.: 

A ......................................................... . 
B ......................................................... . 
0 .......................................................... . 

Greenville Electric Lighting Co ................................. . 
Groveton Electric J.,ight Co .................................... . 
Hillsboro Electric Light & Power Co ............................ . 
Hollis Electric Light Go ....................................... . 
Jones & Linscott Electric Co ................................... . 
Keene Gas & Electric Co.: 

A .................... , ................................... . 
B ..................... · .................................. . 
C ... ····················································· 
D ..........................................•............. ·. 
E ....................................................... . 

Laconia Gas & Electric Co.: 

West Lebanon. 
Lebanon. 
West Lebanon. 
Greenville. 
Groveton. 
Hillsboro. 
Hollis. 
Lancaster. 

Swanzey. 
Do. 

Dublin .. 
Peterboro. 
Marlboro. 

.A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J.,ochmere. 
· R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J.,akeport. 

Lisbon .Light & Power Co.: 
A ......................................................... Lisbon. 
B ........................................................ Bath .. 
C .............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lisbon. 
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TABLE iOO.-Electnc-power companies engaged in public service in the States in which the superpower zone is situated-Con. 

No. 

5437 

5442 
5443 
5403 
5444 
5445 
5447 
5448 
5450 

46459-1 

5454 
5455 
5457 
5458 

5458-1 
5459 
5462 
5i_63 
5465 

5412 
5468 
5469 
5470 
5471 
5472 

46459-1 

New Hampshire~Continued. 

Operating company. Station. 

Manchester Traction, Light & Power Co.: 
A ........ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Brook Street. 
C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Garvin Falls. 
D ........................ ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Greggs Falls. 
E· ........................... _·_ ........................... Hooksett. 
F..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kelleys Falls. 
G .................................... ~................... Nashua. 

Meredith Electric Light Co .......................... _......... :Meredith. 
Milford Light & Pow·er Co ...................................... Milford. 
Municipal Electric Commission ................................. Ashland. 
Municipal electric plant. ........................ ~ .. . .. .. .. . .. . Littleton. 

..... do ............................................... -......... Wolfeboro. 
New Hampshire Water & Electric Power Co .................... Fit~william. 
New Hampton Electric Light & Power Co· ....................... New Hampton. 

NewA~~t-~:~~~~~- ~~~~~-~~~=- ............. _ .... __ . _ .... _ ........ Newport. 
B ........................................................ North New'port. 

Parker. Young Co.: · 
lt........................................................ Lincoln. 
B........................................................ Do. 

Pittsfield Light & Power Co .................................... Pittsfield. 
Plymouth Electric Light Co .................................... ·Plymouth. 
Raymond Electric Co.......................................... Raymond. 
Rockingham County Light & Power Co.: 

A.·-·----···--············----------·------: ____________ _ 
B ....................................................... . 

Rumney Electric Co ............. : ............................ . 
Salem Electric Light Co ........ · ............................. .. 
Sunapee Electri<;: I.1ight & Power. Co ............................ . 
Tilton Electric Light & Power Co ............................. . 
Twin State Gas & Electric Co.: 

A .................... '! •.........••..••..••.•••.••..••.... 
B ....................................................... . 
c ....................................................... . 

Vermont Hydro Electri.e Corporation .............. ~ ....... ·- ... . 
Wentworth-Hall Electric Co ................................... . 
West Campton Electric Light Co .............................. .. 
Whitefield Electric Light Co ........................ ~ .......... . 
Wonalancet Electric Co ....................................... . 
Woodsville Aqueduct Corporation ...... · ........................ . 
Parker Young Co ........................................... ; .. 

New Jersey. 

Portsmouth. 
Durham. 
Rumney. 
North Salem. 
Sunapee. 
Tilton. 

Dover. 
Gorham. 
Milton. 
Claremont. 
Jackson. 
West Campton. 
Whitefield. 
Wonalancet. 
Woodsville. 
I.incoln. 

5500 Atlantic City Electric Co.: 
Atlantic City. 
Ocean Cit;y. 
PleasantVIlle. 
Atlantic City. 
Asbury Park. 
Allenhurst. 

5502 
5503 
5504 
5505 
5506 

5506-1 
5507 
5508 
5509 
5511 
5513 
5514 
5593 
5515 
5517 
5.594 

i\ . ..... - - ..... - . - ........... - . - .. - --- ---- ---. ---- ~ - - - -- . - . 
B .. - .. - .. -.~-.- .................................. -.-.~- .. 
C .......... ·! .•.•••.• -- •••• --.- •••• -.-- •• -.- •••••••• - •• : •• 

Atlantic City & Shore Railroad Co .............................. . 
Atlantic Coast Electric Light Co ..... ~ .... · ................... .. 
Atlantic Coast Electric Railway Co ............................ . 
Atlantic County Electric Co ................................... . 
Atlantic & Suburban Railway Co ............................ .. 
Barnegat Light & Power Co.· .................................. . 
Blair Electric Hght Co ....................................... . 
Boonton Electric Co ........................................... . 
Branchville Electric Power, Water & Lighting Co .............. . 
Bridgeton & Millville Traction Co .............................. . 
Burlington County Transit Co .................................. . 
Califon Electric Light & Power Co ............................ . 
Cape May Court House Light & Water Co~ ...................... . 
Cape May Light & Power Co ................................... . 
Central Passenger Railway Co .................................. . 
E. R. Collins & Son: 

A ............................................ • ........... . 
B ....................................................... . 

55191 Commonwealth Electric Co. ____ ._ .. _._ ........................ . 
5520 Consolidated Gas Co. of New Jersey .......................... .. 
5522 Pennsylvania Utilities Co ..................................... . 

Egg Harbor. 
Pleasantville. 
Seaside Heights. 
Blairstown. 
Boonton. 
Branchville. 
Bridgeton. 
Hainesport. 
Califon. 
Cape May Court House 
Cape May. 
Atlantic City. 

Market Street, Belvidere. 
South Water Street, Belvidere: 
Summit. 
Long Branch. 
Columbia. 

• 

-· 
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.TAin .. E 100.-Electric-power companies engaged in public service in the States in which the superpower zone is situated-Con. 

No. 

5523 

5524 
5524 -1 

5525 
5526 
5527 
5528 
5529 
5530 
5531 
5533 
5534 
5536 

5536-1 
5537 
5538 
5540 
5541 

47543 
5542. 
5543 
5544 
554(i 
5547 
5548 
5549 
5550 
5551 
5525 
5553 
5554 
5555 
555(i 
5557 

5557-l 
5558 
5559 
5560 
5561 
5562 

5564 
5565 

5565-1 
5506 

5566-1 
5567 
5568 
5569 
5522 
5571 
5575 

New Jersey·-continucd. 

Operating company. 

Electric Co. of New Jersey: 
.A ...•.•...• · .......•...................................... 
B ........... ~ ........................................... . 

Electric Light & Power Co ..................................... . 
:Eureka Power Co ............................................. . 
:Five Mile Beach Electric Railway Co ......................... . 
:Flemington Electric Light, Hoat & Power Co ................... . 
Hackettstown Electric Light Co ............................... . 
Hammonton & Egg Harbor City Gas Co .......................... . 
Harrison Heights Improvement Co ............................ . 
Hoboken Shore Road .......................................... . 
Hunterdon Electric & Power Co ............................... . 
Jamesburg Electric Co ......................................... . 
Jersey Central Traction Co .................................... . 
Jersey Electric Co ............................................. . 
J. C. 'Kennedv Electric Co ..................................... . 
Lakewood & Coast Electric Co ......... · ....................... . 
Lambertville Public Service Co ................................ . 
Millburn Electric Co ......................................... . 
Millville Electric Light Co.: 

A ... •·•····••·······························•·············· 
B ................................................ : ....... . 

Millville Manufacturing Co .................................... . 
Mill ville Traction Co ......................................... . 
Monmouth County Electric Co ............ · .................... . 
Monmouth Lighting Co ........................................ . 
Morris County Trnction Co .................................... . 

..,Morris Railroad Co ....................... .' .................... . 
Morris & Somerset Electric Co ... · ............................. . 
Municipal electric plant ...................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

. . . . . do ............................ ~ .......................... . 

..... do ................................................. :: .... . 

.. . . . do ....................................................... . 

..... do ........ ·: .............................................. . 

..... do ....................................................... . 

..... do ....................................................... . 

. . . . . do ......... ~ ............................................. . 
New Egypt Light, Heat, Power & 'Vater Co ............ , ........ . 
New Jersey Power & Light Co.: 

c ... ····················································· 
D .................................................... · .... . 

New Jersey & Pennsylvania Traction Co ....................... . 
New Jersey Water & Light Co .................................. . 
New York Edison Co .......................................... . 
Newton Gas & Electric Co .................................... . 
Northampton~aston & Washington Traction Co ................ . 
North Jersey .ttapid Transit Co ................................. . 
Ocean City 'Electric Railroad Co ............................... . 
Ocean Grove Cam'{> ?11eeting .................................. . 
Pennsylvania UtihtieR Co ..................................... . 
Phillii)sburg Transit Co ................................... ~ ... · .. 
Public Service Electric Co.: · 

A ....................................................... . 
B ............. ; ......................................... . 
D ......................................... · ............... . 
E ....................................................... . 
F ......................................................... . 
G ....................................................... . 
H ....................................................... . 
I ........................................................ . 
J ............ ········· ·········· ........ 0 ••••••••••••••••• 

K ....................................................... . 
L ........................................................ . 
N ........................................................ . 
0 .................•...................................... 
P .................••..... " ............................... . 
R .................•••••..•.....•........ · ................. . 
8 ........................................................ . 

Salem. 
Bridgeton. 
Hightstown. 
Trenton. 
Camden. 
Flemington. 
Hackettstown. 
Hammonton. 
Mullica Hill. 
Hoboken. 
High Bridge. 
Jamesburg. 
Keyport. 
High Bridge. 
Long Valley. 
Lakewood. 
Lambertville. 
Millburn. 

Sharp Street. 
Second Street. 
Millville. 

Do. 
Red Bank. 
Keyport. 
Morristown. 

Do. 
Do. 

Allentown. 
Andover . 

Station. 

Atlantic Highlands. · 
Butler. 
Chatham. 
Frenchtown. 
Madison . 
Orange. 
Park Ridge . 
Pompton Lakes. 
Seaside Park. 
South River. 
Vineland . 
New Egypt. 

Dover. 
Boonton. 
Trenton. 
Deal Beach. 
Jersey City power house. 
Newton. . 
Port Colden. 
Paterson. · · 
Ocean Citv. 
Bradley B'each. 
Columbia. 
Phillipsburg. 

Edgewater. 
Metuchen. 
Buckingham A venue. 
Red Bank. 
City dock, Newark. 
Coal Street, Newark. 
Hoboken. 
Marion (Jersey City). 
Paterson. 
Camden. 
Burlington. 
Plainsboro. 
Trenton. 
Cranford. 
Secaucus. 
Essex. 
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TABLE 100.-Electric-power companies engaged in public service in the States in which the su.perpower zcme is situated-Con • 

. New Jersey-Continued. 

No. 

5576 
5577 

47551 
5580 
5581 
5582 
5584 
5587 
5588 
5589 
5590 
5591 
5598 
5593 
5594 

. 5595 
5596 
5597 
5598 
5600 
5601 

47543 
47551 

5800 
5801 
6180 

5804 
5805 
5806 
5807 
5809 
5811 
5812 
5813 
5814 
5817 
5946 
5821 
5822 

5823 
5824 

5825-1 
·5826 
5827 
5828 
5893 
5832 

5833 
5834 

Operating co.mpany. 

Public Service Railway Co .................................... . 
Rockland Electric Co. of New Jersey ........................... . 
Sayre & Fisher Co .... · ........................................ . 
Sayreville Electric Light & Power Co .......................... . 
Seacoast Traction Co ........................................... . 
Sea Isle City Electric Light, Power & Water Co ................. . 
Stone Harbor Electric Light & Power Co ....................... . 
Toms River Electric Co ........................ · ............ : .. 
Trenton, Lakewood & Seacqast Railway ....................... . 
Trenton, J,awreri.ceville & Princeton Railroad Co ................ . 
Trenton & Mercer Co. Traction Corporation .................... . 
Trenton Street Railway Co ................................... . 
Vulcan Power Co .............................................. . 

Newark: 
Gloucester. 
Sayreville. 

Do. 
Seagirt. 
Sea Isle City. 
Stone Harbor. 
Toms River. 
Trenton. 

Do: 
Do. 
Do. 

Netcong. 

Station. 

Cape May _Court Rouse Light & Water Co ....................... . Cape May Court House .. 
E. R. Colhns & Son: . 

A ............ ···••••••••·• .............................. -
B .. ···················•··················· ..... · .. ······· .. 

Washington Electric Co ....................................... . 
West Jersey Electric Co ...................................... . 
West Jersey & Seashore Railroad Co ........................... . 
Vulcan Power Co_. ........................................ · .... . 
Woodbine Land & Improvement Co: .......................... . 
Woodbourne Electric Light, Heat & Power Co ................. . 
Millville Manufacturing Co .................................... . 
Sayre & Fisher Co ............................................. . 

New York. 

Market Street, Belvidere. . 
South Water Street, Belvidere. 
Washington. 
Wildwood. 
Westville. 
Netcong. 
'Voodbine. 
Woodbourne. 
Millville. 
Sayrevill~. 

Adams Electric Light Co....................................... Adams. 
Addison Electric Light & Power Co ............................. Addison. 
Adirondack Power & Light Corporation: 

}, __ ...................................... · ................... Johnsonville. 
B............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schaghticoke. 
C ................ _......................................... East Creek. 
D ......... :. _ ......... _ ... :. _ . _ . _ . . . . . . . . . . . . . . . . . . . . . . . . . Inghams Mills. 
E .............. _ ............. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mechanicsville. 
F ............... _ ................................ _. . . . . . . . . Schoharie Falls. 
G .......................... _ ............................. ·. . Spier Falls. 
H ....... · ............... _._................................. Utica. 
J ............................. _ ..... ·. . . . . . . . . . . . . . . . . . . . . . Kanes Falls. 
K .................................. · ............. _. _ ......... North Granville. 
L ....................... ·.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Granville. 

Adrian Knitting Co ...... : ..................................... · Sanquoit. 
Afton-Windsor Light, ·Heat & Power Co. (Inc.)... . . . . . . . . . . . . . . . . Center Village. 
Albany Southern Railroad Co .......................... · ........ : Stuyvesant Falls. 
Antwerp Light & Power Co...................................... AntwerJ) .. 
Atlantic Light & Power Co ...................................... Coeymans. 
Auburn & Syracuse Electric Railroad........... . . . . . . . . . . . . . . . . . Syracuse. 
Aurora Electric Light Co. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Aurora. 
A usable Valley Light, Heat & Power Co .......................... Keene. 
Avon Electric Co .......................................... .-.: ... Avon. 
Batavia Traction Co............................................. Batavia. 
Berkshire Street Railway Co ......... · ........................ · ... Walloomsac. 
Berlin Electric-Light, Heat & Power Co ... ·....................... Berlin. 
Binghamton Light, Heat & Power Co.: 

A .......................................................... . 
B ......................................................... . 

Binghamton Railway Co .. -................ : ..................... . 
Black River Traction Co ...................................... . 
Bombav Electric Corporation ................................... . 
Boq uet Electric Power Co ..................................... - . 
Broadalbin Electric Light.& Power Co .......................... . 
Bronx Gas & Electric Co .............................. -........ . 
Brooklyn Edison Co.~ ........................ · .................. . 
Brooklyn Rapid Transit Co.: 

A ......................................................... . 
B ......................................................... . 
c .................................. -..... -.......... -...... . 

Brvant Power Co. (Inc.) ........................................ . 
Buffalo General Electric Co .................. ~ ...... ~ ........... . 

Bingha~ton. 
Johnson City. 
Binghamton. 
Watertown. 
Bombay. 
Essex. 
Broadalbin. 
Bronx. 
Gold Street. 

Central Power. 
Williamsburg. 
Ninth Street. 
Buffalo. 

Do. 
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TABLE 100 .-Electric-power companies engaged in public servtce in the "States in which the sttperpower zone is nt'l.tated.:_Con. 

No. 

5835 
5836 
5839 
5840 
5842 
5843 

5843-1 
5844 
5846 
5847 

5847-1 
5848 
5849 

5851 
5853 
5854 
5855 
5856 

48834 
5858 

5858-1 
5859 
5862 
5863 
5867 
5868 

5868-1 
5869 

5869-1 
5871 
5873 
5874 
5875 
5876 
5877 
5878 
5879 
5882 

50256-1 
5885 
5886 
5887 
5888 
5891 
5892 

5893 
6895 
689() 
5897 
5898 
5900 
5901 
5903 

5904 
5905 
5906 

49143 
5907 
5908 
5909 
5910 
5911 

New York-Continued. 

Operating company. 

Rochester, Lockport & Buffalo Railroad Corporation ............. . 
Buffalo & Depew Railway Co ............................ ,., .... . 
Buffalo & Williamsville Electric Railway Co ................ ~ ... . 
Buffalo Southern Railway Co····-------· ................ :~ ..... . 
Callicoon Independent Electric Co. (Inc.) ..... ·_ ......... __ : .... . 
Can~sera&_a. Heat, Light & Power Co ................... _ ........ . 
Carusteo L1ght & Power Co ........................... _ ........ . 
Canton Electric Light & Power Co ............................... . 
Cattaraugus Electnc Li_ght & Power Co ......................... . 
Cayadutta Generating ~o ...................................... . 
Cayuga ~ower CorporatiOn ...................................... . 
CazenoVIa Electric Co ........................................ . 
Central Hudson Gas & Electric Co.: 

A ........... · ............................................ . 
B ............... · .......................................... . 

Central New York.Power Co ..................................... . 
Champlain Electric Co ........................................ . 
Chasm Po\ver Co ............................................. . 
Chautauqua Traction Co ................................... , .. . 
Chatham Electric Light, Heat & Power Co ..................... . 
A. C. Cheney Piano Action ·Co ................................. . 
Clinton Hematite Mines~ ....................................•... 
Clymer Power Corporation ................................... _. .. 
Cohoes Power & Llght Corporation ............................. . 
Cold Spring Light, Heat & Power Co ............................ . 
College Hill Electric Light Co ................................... . 
Consolidated Electric Co ........................................ . 
Consolidated Light & Power Co ................. : ............... . 
Consumers Gas Co ............................................. . 
Corinth Electric Light & Power Co ........................... .. 
Corning Light & Power Corporation ............................. . 
Cortland County Traction Co .................................. . 
Croton Falls Electric Light Plant ............................. .. 
Dansville Gas & Electric Co ............................ · ....... . 
Deansboro Electric l.ight Plant ................................. . 
Deer River Power Co ............ -........... " ................... . 
.Delaware County Electric Light.& Power Co .................... . 
Delaware & Otsego Light & Power Co .......................... :. 
Depew & Lancaster Light, Power & Conduit Co ................. . 
Dundee Electric Lighting Plant ... · ............................. . 
John Dunlop's Sons ........................................... . 
Dutchess Light, Heat & Power Co ............................. . 
Dwaas Electric Co .................... , .......................... . 
Earlville Electric ~igh~ Co ..................................... . 
East Aurora Electnc Ll~ht Co ................................. . 
East Hampton Electric Light Co ............................... . 
Eaton-Morrisville Power Co.: . 

A ............... · ........................................ . 
B ...... : .................... ····························· 

Brooklyn Edison Co .......................................... . 
Edwards Light & Power Co .................................... . 
Electric Light Co. of Newpaltz ................................ . 
Elizabethtown Electric Plant ................................... . 
Ellenville Electric Co ......................................... . 
~lmira, Corning & Waverlv Railroad ...................... ~ .... . 
Elmira Water, Light & Rallroad Co ...................... · ...... . 
Empire Gas & Electric Co.·: -

A .......................................... , ............ . 
]3 .............................. · ............••............ 

C .. ······················································ 
D ........................................................ . 
E ....................................................... . 
F ........................................................ . 

Empire State Railroad Corporation ............................ . 
Erie Railroad Co .............................................. . 
Falconer Electric Light Co ........................................ . 
Endicott, Johnson & Co ...................................... .. 
W. H. Faxon Electric Plant ................................... . 
Fishers Island Electric Light & Power Co ...................... . 
Fishkill Electric Railway Co ...... ~ ...... ~ ..................... . 
Flatbush Gas Co ............................................... . 
Fonda, Johnstown & Gloversville Railroad ..................... . 

63361°-21--16 

· Station. 

Rochester. 
Buffalo. 
Williamsville. 
Ebenezer. 
Callicoon. 
Canaseraga. 
Canisteo. 
Canton. 
Cattaraugus. 
Berrvville. 
Portland Point; 
Cazenovia; · 

Newburgh. 
Poughkeepsie. 
Canastota. 
Champlain. 
Chateaugay. 
Jamestown. 
Chatham. 
Castleton. 
Clinton. 
Clvmer. 
Cohoes. 
Cold Spring. 
Clinton. 
Middle· Falls. 
Whitehall. 
Southampton. 
Corinth. 
Corning. 
Cortland. 
Croton Falls. 
Dansville. · 
Deansboro. 
Oopen,hagen. 
Delhi. 
Franklin. 
Lancaster. 
Dundee. 
Phoenix. 
Rhinebeck. 
Hudson Falls. 
Earlville. 
East Alii'ora. 
East Hampton 

Eaton. · 
Morrisville. 
Gold Street . 
Edwards. 
Newpaltz. 
Elizabethtown. 
Ellenville. 
Elmira. 

Do. 

Auburn. 
Geneva. 
Lyons. 
Newark. 
Waterloo. 
Seneca Falls. 
Oswego. 
Rochester. 
Falconer. 
Johnson Citv. 
Chestertown. 
Fishers Island. 
Bacon. 
Brooklvn. 
Tribes ·Hill. 

.,.' 
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TABLE 100.-Electric-power companies engaged tn public service in the States in which the superpower zone is situated-Con. 

Nu. 

5912 
5913 
5914 
5916 
5917 
5918 

5919 
5920 
5921 

49275 
5922 
5923 
5924 
5925 
5926 
5927 
5929 
5930 

49320 
5932 
5933 
5934 
6041 
5935 
5936 
59~7 
5938 
5939 
5940 
5942 
5943 
5944 
5945 

5946 
5947 
5950 

5951 
6164 
5954 
5955 

5957 
5960 
6159 
5961 
5962 
5963 
5964 
5965 
5968 
5970 
5971 
5972 
5973 
5974 
6205 
5975 
5976 
5977 
5979 
5981 
5983 
5984 
5985 

New York-Continued. 

Operating company. 

Forestport Electric Light Plant. ............................... . 
Fort Covington Light, Heat & Power Co ................ , ....... . 
Fort Plain Gas & Electric Light, Heat & Power Co ............... . 
Franklin Springs & Progressive lj:lectric Light Co ............... . 
Fulton Chain Electric Co ..... _ ............... __ .. _ ........... _ 

Station. 

Forestport. 
~,ort Covington. 
Fort Plain. 
Franklin Springs. 
Fulton Chain. 

Fulton County Gas & Electric Co.: 
A ....... _ ..... _ .... _ .... _ ............... __ ........ _ ... _ .. Gloversville. 
B ....... __ .... _ .. _ ....... _ .. _ . _ ............ ~ . _ . . . . . . . . . . . Samonsville. 

Fulton Light Heat & Power Co ........ _ .. _ ... _ ..... _ ... _ .. .-._ .. · Fulton. 
Garden City Co._ ....... _ ............ _ ......... __ .............. Garde?- City. 
Garner Print Works & Bleachery ........ _ .. _ .. __ . _ ·.- ... _. _...... Wappmgers Fal~. 
General Electric Co .............................. _ .. _ .......... ~ Schenectady. 
Genesee Light & Power Co ................... __ ... _............ Batavia. 
Genesee Valley Power Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mills Mills. 
Geneseo Gas "Light Co........................................... Geneseo. - . 
Geneva, Seneca Falls & Auburn Railroad Co. (Inc.) ............ _ Seneca Falls. 
G. N. Gibson & Sons .................. _ ... _ .................... West Stockholm. 

. Glen Cove Light & Power Co .............. __ ... ___ . ___ ._........ Glen Cove. 
Glens Falls Gas & Electric Light Co._ ....... __ .. __ ._ .. _ ........ Glens Falls. 
Goshen Light & Power Co ..... _._ .. _. __ ._ ... __ ... _ .... _._...... Monroe. 
Gould Paper Co ............................ __ .. _ .............. Lvons Falls. 
Granville Electric & Gas Co ......... _ .... __ .. _ .... _ ........ _ . . . . Granville. 
Great Rear Light & Power Co ................... __ ............. East Worcester. 
Gregory Electric Co. (Inc.)..................................... Morristown. 
Groton Electric "Power Cor.poration. _ ........... _ .. ___ ............ Groton. 
Halfmoon Light, Heat & Power Co ............ _ ... ______ ........ Mechanicsville. 
E. S. Hambbn & Co ........................................... Oriskanv Falls. 
Hammondsport Electric Light Co .......... · ........ _............ Hammondsport. 
Hanford Bros._._ ....... _._ ........... _ ............... _........ East Meredith. 
Hannawa Falls Water Power Co ............ _ ..... _ .. _........... Hannawa Falls. 
Harlem Valley Li~ht, Heat & Power Co ... _._ ... _ ........... _ ..... Pawling. 
Hermon Electric uo ... _ ............. __ ...... _ ..... _ ..... _ . . . . . . Hermon. 
Hilton Electric Light, Power & Heat Co ........ _ .... _ ... _ ...... Hilton. 
Holmes Milling Co ........•......................... _._ ......... Downsville. 
Honk Falls Power Co.: -

A .....................••................ • ................. Napanoch. 
B ............ · ..........•................................ _ Jiigh Falls. 

Berkshire Street Railway Co ..•.................. _ .............. Walloomsac. 
Hornell Electric Co ........................................... _ Hornell. 
Hudson Valley Railway Co.: · 

A ....................................................... . 
B ... ·································-·-··-'···-·-··········· 
C.···················-'············---······-·--·-·-··-···· 

Hudson & Manhattan R~ilroad Co ........ _ ...... _ ...... __ ._ ... . 
Alfred Huntington .... _ .............................. _ ........ . 
Hydro Electric Power Co ......... _ .... _ ..... _ ...... _ .. __ ..... . 
Interborough Rapid Transit Co.: 

A ....................................................... . 
B.:.·-·--········-·········-·-···········--------········ 

International Railway Co ......... _._ .. _. __ . __ .......... ---_ .. . 
New York State Gas & Electric Corporation. _ . __ ... _ ........... . 
Iroquois Utilities (Inc.) .............. _._ .. ___ ._ .... _ ..... _ ..... _ 
Ithaca Traction Co ...................... _ ..... - - - - ........... . 
Jamestown Lighting & Power Co ..... _____ .. ____ ..... _ .... ---.--
Jamestown Street Railway Co .......... _. ______ ... --.------ .. _._ 
Jamestown, Westfield & North-Western Railroad Co. __ ..... -- ... 
Jordan Electric Light & Power Co ....... ___ ..... · ...... ---------
Katonah Lighting Co ....... _._ ....... _.· .... ____ ------ ... - ..... . 
Kingston Consolidated Railroad Co ........ _ .... _ . _ ............ .. 
Kingston Gas & Electric Co .............. __ ..... - - - - - - - - - - ... ; 
Edward R. Ladew Co. (Inc.) ..... ~ ........... _ .. - ... - ......... . 
La Fargeville Electric tight Co ................. -.------------.-
Lake Shore Electric Co~ ......................... - ... - . - - - - - .. -
La Salle Electric Corporation ... __ .............. - .. --- ......... . 
Lawrence Park Heat, Light & Power Co.- ...... _- .. -.- ......... . 
Lebanon Valley Lighting Co. (Inc.) ... _ ....................... -
Le Roy Hydraulic Electric Gas Co ___ ............ - .... - . - ... - - -
Lewiston & Lake Ontario Shore Power Co._ .. __ ....... -.--------
Liberty Light & Power Co .......... --- ............ - .......... . 
Livingston Manor Electric Co .... - .••........... · .. - - - - - - - ..... . 
Livingston-Niaaara Power Co .......................... --- .. -.--
Livonia Light & Heat Co ............................. -.-.- ... --

Middle Falls. 
Still water. 
Mechanicsville. 
Terminal Building. 
Ripley. 
Theresa. 

East River. 
North River. 
Niagara Street, Buffalo. 
Oneonta. 
Randolph. 
Ithaca. 
Jamestown. 

Do. 
Do. 

Jordan. 
Bedford Hills. 
Kingston. 

Do. 
Glen Cove. 
La Fargeville. 
Henderson. 
Niagara Falls. 
Bronxville. 
Canaan. 
LeRoy. 
Lewiston. 
Liberty. 
Livingston Manor. 
Avon. 
Whiting. 

• 

• 

• 
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'TAnr,E 100.-Electric-power companies engaged in public service in· the States in whwh ·the superpower zone is Situated-Con.' 

New York-Continued. 

No. Operating company. Station. 

-------·1-----------------------------·--------------------l----------------------------
5986 

5987 
5988 
5990 

!5992 
5993 
5994 
5995 

5998 
6000 
6001 
6003 
6005 
6006 

6006-1 
6007 
6008 
6009 
6010 
6012 
6013 
6014 
6015 
6017 
6018 
6019 
6021 
6022 
6023 
6024 
6025 
6026 
6028 
6029 
6030 
6031 
6033 
6034 
6035 
6036 
6037 
6038 
6039 
6040 
6041 
6043 
6044 
6045 
6046 
6047 
6048 
6049 
6050 
6051 
605:3 
6054 
6056 

LoclA~~t- ~i~~-t~ -~~~~-~- ~-0~~~ -~~--~- .........•...•...•.... : ..... Race Street. 
B ..... .-. . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Elm Street. , 

Long Acre Electric Light & Power Co ........................... 103 Park Avenue, New York. 
Long Beach Power Co ........................................... Long Beach. 
Long Island Lighting Co. : 

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . Amityville. 
B ..... ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Babylon. 
D .......... ~ .............................................. Northport. 
E ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sayville. 
F.... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bay Shore. 
G. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Huntington. 
H ................... : .................................... Port Jefferson. 
J ............ :-....................... ·....................... Do . 

Lyons Falls Electric Light Plant ................................ Lyons Falls. 
Macedon Electric Light Co ..................................... Macedon. 
Madrid Electric Light Co ....................... ·I· ............. Madrid. 
Malone Light & Power Co.: . 

A ........................•.................................. High Falls. 
B.......................................................... Do. 
C ....................... · .................................... Malone.· 
D ......... : . ...... ·. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . Chasm Falls . 
E ........................................................... Whittlesey. 

·Marcellus Lighting Plant.~ ...................................... Marcellus. 
Marion Power Co ............................................... Sodus. 
Massena Electric Light & Power Co .......................... · .... ·Potsdam. 
Mexico Electric Co .............................................. Mexico. 
Middleville Electric Light Co................................... Frisbieville. 
..... do........................................................ Middleville. 
Middleport Gas & Electric Light Co..... . . . . . . . . . . . . . . . . . . . . . . . . Middleport. 
Millerton Electric Light Co .......... : ...................... · .... Millerton. 
M~lli~g & IAghting Co ........................................... Brasher Falls. 
Mmeulle_Llght, Heat_& Power-Co .............................. Mineville. 
Mohawk Hydro Electric Co...................................... Ephrata. 
Montgomery Electric Light & Power Co .......................... Canajoharie. 
Mooers Electric' Light Co .......................... · ............. Mooers. 
Moravia Electric Light, Heat & Power Co ........ · ............. .'.. Moravia. 
Morgan & Wyman-Light & Power Co ...... ~····· ............. · .... Dover Plains. 
Mount Morris Illuminating Co ................ , ................. Mount Morris. 
Municipal electric plant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Akron. 
..... do .................................... · .................... Arcade. 
. .... do ........................................................ Batavia. 
..... do ........................•. : ............................. Bath. 
..... do .......................•..................•...... ~...... Bergen. 
..... do .............. ' ................. ·......................... Boonville. 
..... do .......................•............................ ·! ... Brockton. 
..... do ................................................. : ...... Camden. 
..... do ................................................ : .... ·... Castile. 
..... do ................................................ ·........ Clifton Springs. 
..... do .......................................... · . . . . . . . . . . . . . . . Clinton. 
. .... do ........................................................ Delevan. 
..... do ........... : ..................... · ....................... Dunkirk. 
..... do ........................................... :............ Fairport. 
..... do ....... : ................................................. Frankfort. 
..... do .................................•...................... Fredonia. 
..... do ................. · ....................................... Freeport. 
..... do ................................................. · ....... Greene. 

:::: :~~::::::::::::: :-::::::::::::::.::::::::::::::::::::::: ~:::: g~::~i~~:.nd. 
Groton Electric Power Corporation............. . . . . . . . . . . . . . . . . . . Groton. 
Municipal electric plant....................................... Ii:amilton. 
..... do ............ ~ ........................................... H·erkimer. 
..... do ........................................................ Holley. 
.. : . . do ........................................................ Ilion. 
..... do .......... · .............................................. Jamestown. 
..... do ........................................................ Lake Placid. 
..... do........................................................ Little Valley. 
..... do ...................... · .................. ~ ............... Marathon . 
..... do ......................................... : .............. Mayville. 
..... do ........................................................ :rvlohawk. 
..... do ........................................................ Newark \'alley. 
..... do .............................. , ................. · ...... :. Penn Yan. 
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TA:BLE 100 . ....:....Electric-power compamM·engaged in public service in •the States in which thi-:superpower zone is situated-'-Con. 

New York-=-Continued. 

No. Operating company. Station. 

6057 Municipal electric plant_ ..................................... ·. Philadelphia. 
6058 ..... do ........... -~·-.·.·.· ....................................... Port Byron. 
6059 ..... do ........................................................ Potsdam. 
6060 ..... do ............. : .......................................... Rockville Center. 
6061 ..... do ......................... , .............................. Rouse~ Point. 
6062 ..... do. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Salam·anca·. 
6063 ..... do ... : ... · ..... · ............................................. Savannah. 
6064 ..... do .............. ~ ......................................... Sherburne. 
6065 ..... do ........................................................ Silver Sp,rings. 
6066 ..... do ... " ............ , ....................................... Skaneateles. 
6067 .. ~ .. do ................. ~ ............ · .......................... Solvay. 
6069 ..... do ........ · .... · .... · ................................. , ...... Springville. 
6070 ..... do ..... , .................................................. ·Theresa. 
6071 ..... do ........... ; ............................................ Tully.-
6072 · ..... do ................................................... · ..... TuJ?per Lake. 
6073 ..... do ............ · ............... · ...................... _._ ..... Umon·. 
6074 ..... do ............. ~ ................... , ....................... Watkins. 
6075 ..... do..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wellsville: 
6076 ..... do ... ~... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Westfield. 
6078 Municipal Gas Co .. ,_ .......................................... Albany. 
6079 Murray Electric Light & ·Power Co ............................ : .. Monticello. 
6081 Nassau Light & Power· Co ............. .' ......................... Glenwood. 
6083 New Berlin Light & Power Co ...... , ........................... New Berlin. 

50074-1 New Fabric Cloth Co.· ................ · .......................... Oswego. 
6084 Newfane Electric Co ............. , .............................. Newfane. 

50074 .Newfane Lumber & Manufacturing Co ...................... ~ .. ,. Do. 
6085 New Paltz Highland & Poughkeepsie Traction Co .. , ............. Loyd. . 
6086 Newport Electric Light & Power Co ............................... Newport. 
6087 New York Central Railroad: 

6090 

596.0 

6093 

6097 
6098 
6099 
6101 
6103 
6105 
6106 

6108 

6109 
6110 
6111 
6112 

6113 
6114 
6116 

A ............................... ~ ....................... ·.· .. Glenwood. 
B .............. · ............. · .................. ·. . . . . . . . . . . . . Port Morris. 

New York Edison Co.: 
A .•............ · ................... : ...................... -. .. 
B ......................................................... . 
0 ..................................................... ·.· ...... . 
D ......................... ~ ....... · ....................... . 

New York State Gas & Electric Corporation: 
A .................. -. ............ ······················-~---
B ............ · ............................................. . 
0 .............. · .. ; ........................................ . 

New York State Railways, Rochester Lines: 
A ................... · ...................................... . 
B ........................................................... . 

New York & Long Island Traction Co .......................... . 
New York & North Shore Traction Co ........................... . 
New York & Ontario Pow,er Co ................................. . 
New York & Queens Electric Light & Power Co ................ . 
Niagara Electric Service Corporation ........................... . 
Niagara Falls Gas & Electric Light Co .......................... . 
Niagara Falls Power Co.: · 

A ...................... ················ ... : ............... . 
B ............ · ...... c ••••••••••••••••••••••••••••••••••••••• 

Niagara, Lockport & Ontario Power Co.: 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~.~ ~ ~ ~ ~ ~ ~ -~ -~ ~ ~ : : : ~ ~ : : : : : : : : : : : :: : : : : : ~ : ~ ~ : ~ ~ ~ : ~ : ~ : ~ ·: 
0 ............. , ... · ........................................ . 
D .................. · ...................................... . 

Niagara & Erie Power Co ...... · ................................ . 
North Creek Electric Co ....................... : ................ . 
Northern Adirondack Power Co ............................... .. 
Northern New York Utilities: 

A .......... · ........ · ....................................... . 
B ................ c ••••••••••••••••••••••••••••••••••••••••• 

c ................ c ••••••••••••••••••••••••••••••••••••••••• 

D .......... · .. · ............................................ . 
E .................. · ....................................... . 
F ....................................... · ................. . 
G ...................................................... :.:. 
H ........ · ........................................... : ..... . 

Northern. Wayne Electric Light & Power Co ..................... . 
Northern Westchester Lighting Co .............................. . 
North Syracuse Light & Power Co .............................. . 

Duane Street.· 
Waterside ·No. 1. 
Waterside No.2. 
Kings bridge. 

Ithaca. 
Norwich. 
Oneonta. 

Float bridge. 
Canandaigua. . 
Rockville Center. 
Douglaston. 
Waddington. 
Astoria. 
Niagara Falls. 

Do. 

Do. 
Hydraulic. 

Salmon River. 
Auburn. 
Lyons. 
Minetto. 
Buffalo. 
North Creek. 
Ausable Chasm. 

Black River. 
Effiey Falls. 
Elmer Falls. 
South Edwards. 
Taylorville. 
Watertown. 
Belfort. 
Browns Falls. 
Wolcott. 
Ossining. . 
North Syracuse. 

• 

·~ 



.. 

• 
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TAB I.E 100.-Electric-power companies engaged in public service in the States in which the superpower· zone is sit1tated~on . 

No. 

6118 
6118-1 

6119 
6121 
6123 

6175 
6126 

6127 
6128 
6129 
6130 

6131 
6132 

50206-1 
6133 
6134 
6135 
6136 
6137 
6138 

6139 
6141 
6142 
6143 
6144 

6145 
6146 
6147 

6148 
6149 
6152 
6153 
6154 
6158 
6159 
6160 
6161 
6162 
6163 
6164 
6165 
6166 

6167 
'6167-1 

6168 

6169 
6171 

New York-Continued. 

Operath1g company .. 

Norwood Electric Light & Power Co ........................... . 
Nuerd Paper Co. (Inc.) ......................................... . 
Nunda Electric Ijght Co ........................... ~ .......... . 
Ogdensburg Power & Light Co ................... .' ........ , ... ,. 
Olean Electric Light & Power Co.: · 

Yaleville. 
Hadley! · 
Nunda. 
Ogdensburg. 

Station. 

A.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Franklinville, 
B ...................................................... ~ .. Olean. 

O'Neil & Co .................................................... St. Regis Falls. 
Orange County Public Service Corporation: . . 

A .........................•................................ Cuddebackville. 
B............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Middletown. 
C .......................................................... Port Jervis. 

Orange County Traction Co ...................................... Newburgh, 
.Orange & Rockland Electric Co.............. . . . . . . . . . . . . . . . . . . . . Moproe. 
B. L. Orcutt & Sons (Inc.) ..................................... , .... Dickinson Center. 
Oswegatchie Light & Power Co.: . . 

A .........................................................• , Fowler. 
B ......................... , ........................... -~ ... , .li;li~esboro. 

Oswegatchie River Power Co ................................... .South Edwards. 
Oswego River Power Transmission Co ............................ -Syiacuse. 
Oval Wood Dish Co ............................................. Tupper Lake. 
Ovid Electric Co ................................................ Taughannock Fall~~ 
Owego Light & Power Co ........................................ Owego. 
Panama Power Co ........................................... ,.. Panama. 
Parishville Electric Light Plant.·............................... Parrish ville. 
Patchogue Electric. Light Co ..................................... Patchogue. 
Paul Smith's Electric Light & Power & Railroad Co.: . . . 

A ............... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . Franklin Falls. 
B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Keesee l\1ills. 
C .......... ~............................................... Saranac Lake .. 
D.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Union Falls. 

Peeksville Lighting & Railroad Co ................ • ............ ,. Peeksville. 
Pennsylvania Tunnel & Terminal Railroad Co ................... Long Island City~ 
Penn Yan & Lake Shore Railway ................ · ................. Park Landing. 
Peoples Gas & Electric Co ...................................... Oswego. 
Perry Electric Light Co. : . · 

A ......................................... · ................ . 
B ............. · ..................... : ...................... . 

W. J. Phillips ............................................... · ... . 
Phoenix Gas & Electric Co. (Inc.) .............................. . 

Perry .. 
Do. 

Manlius. 
Syr~cuse. 

Plattsburg Gas & Electric Co.: 
A .......................................................... Indian Rapids._ 
B ........................................................... ·Plattsburg. 

Plattsburg Traction Co ..... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do .. 
Port Henry Light, Heat & Power Co ............................ Port Henry. 
Port Jervis Traction Co ......................................... Port Jervis. 
Port Leyden Electric Light & Power Co ............... :.......... Port Leyden. 
Potsdam Electric Light & Power Co.............................. Potsdam. 
Queensborough Gas & Electric Co ................................ Far Rocka:way. 
Iroquois Util_ities (Inc.) ......................................... Randolph. 
Red Hook L1ght & Power Co ....................... , ........... Bingham Mills. 
Rensselaer Falls Electric Light & Power Co ...................... Rensselaer Falls. · 
Richmond Light & Railroad Co ................................. Livingston. 
Riddell Electric Light & Power Co .............................. Luzerne .. 
Alfred Huntington ............................................. Ripley. 
Riverhead Electric Light Co ......................... : ...... ·.... Riverhead. 
Rochester Gas & Electric Corporation: 

B .......................................................... . 
c ........................................................ . 
D ....................................... · ................ . 
E ........................................................ . 
li' ................. -- ....... - .. - .............. - ........ -- .. -
G ........................................................ . 
H ................................ · ........................ . 

}::::::::::::::::::::·::::::::::::::::::::::·:::::::::::::::: 
Rochester & Manitou Railroad Co ....... _· ........................ . 
Rochester & Syracuse Railroad Co. (Inc.) ....................... . 

No. 2a . 
No. 26. 
No.4. 
NewNo.-5. 
No.6. 
No. 34. 
No. 35. 
No.3. 
Littleville. 
Rochester. 
Syracuse . 

R/.lckland Light & Power Co.: 
A..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hillburn. 
B .......................................................... Orangeburg. 

Rome Gas, Electric Light & Power Co ...................... ~ ... Rome. 
Sag Harbor Electric Light & Power Co .................. · .. ; ........ Sag Harbor. 
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. TABLE 100.-Electric-powe.r compam:es engaged in public service in the States in which the superpower·zone is situated-Con. 

No. 

6173 
6174 
6175 
6178 
6180 
6181 
6183 
6184 
6185. 
6188 
6189 

50506 
6190 
6193 
6194 
6195 

6195-1 
6196 
6197 
6199 

6199-1 

6200 

6202 
6204 
6205 

- 6207 
6209 
6211 
6212 
6215 

50712 
6217 
6218 
6219 
6220 
6221 
6222 
6223 
6224 

50762 

~225 
6227 
6228 

. 6229 
6230 

6231 

6232 

6234 
6235 

623~ 
6237 

48985 
6239 

New York-Continued. 

Operating company. Station. 

St. Lawrence River Power Co.~ .................................. Massena. 
St. Lawrence Transmission Co ............................. ·..... Potsdam. 
Sulham Manufactliring Co ............... ~ ....... ·............... St. Regis Falls. 
Salem Light, Heat & Power Co......... . . . . . . . . . . . . . . . . . . . . . . . . . Salem. 
Adirondack Power & Light Corporation ..... · ..................... Johnsonville, etc. 
Schenectady Railway Co. :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schenectady. 
Schodack Light & Power Corporation ................. : . . . . . . . . . . Castleton. 
Schuyler County Light & Power Co .............................. Watkins 
Scottsville Electrical Light & Gas Co..... . . . . . . .. . . . . . .. . . . . . . . . A von. 
Seeley Electric Co .............................................. Spencer. 
Seneca River Power Co ........................ · ................ Baldwinsville. 
Setter Bros. Co ... · .............................................. Cattaraugus. 
Sherman Electric Light Co .............................. · ........ Sherman. 
Shushan Electric Light Plant.... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . Shushan. 
Silver Creek Electric Co....................................... Silver Creek. 
Sinclairville Electric Light Plant·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sinclairviile. · 
Snell Power Co ................. : ............................... Higley Falls. 
Sodus Gas & Electric Light Co.................................. Sodus. 
Solsville Electric Light & Power Co............. . . . . . . . . . . . . . . . . . SolsVille. 
Southern Dutchess Gas & Electric Co ........................... Beacon .. 
Southern New York Power Co.: 

A ......... : ............. : ................................ ,. 
B .......................... · ............................. . 

Southern New York Power & Railway Corporation: 

Walton. 
Stilesville. 

l\. . ................................................ : . . . . . . . Colliers. 
B ......................................................... Hartwick. 

Standard Light, Heat & Power Co...... . . . . . . . . . . . . . . . . . . . . . . . . . Sidney. 
Charles H. Stokes Electric Plant......... . . . . . . . . . . . . . .. . . . . . . . . . . Kerhonl(son. 
La Salle Electric Corporation........... . . . . . . . . . . . . . . . . . . . . . . . . . Niagara Falls. 
Suffolk Light, Heat & Power Co................................. Southampton. 
Syracuse Lighting Co ... ' ....................................... Syracl.lse. 
Syracuse & Suburban Railroad Co .............................. Edward Falls. 
Theresa Electric Light Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Theresa. 
Ticonderoga Electric Light & Power Co. . . . . . . . . . . . . . . . . . . . . . . . . Ticonderoga. 
Ticonderoga Pulp& Paper Co.................................. Do. 
Treadwell Electric Light Plant ..... ~.. . . . . . . . . . . . . . . . . . . . . . . . . . . Treadwell. 
Tri-County Light & Power Co...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gilboa. 
Troy Gas Co ................................. ·.· ................. Troy. 
Troy & New England'Railway Co ...... ·.· ....................... Albany. 
Tuxedo Electric Light Co........ .. . . . .. .. . . .. .. .. . . . . . . . . .. . .. . Tuxedo Park. 
Twin State Gas & Electric Co. . . .. . .. . .. .. . . . . . . . .. .. . .. . .. . .. . Hoosick Falls. 
Tyler Light & Power Co ........................................ Vernon. 
Ulster Electric Light, Heat & Power Co. . . . . . . . . . . . . . . . . . . . . . . . . Saugerties. 
Union Bag & Paper Co.: 

A ........................................................... ·Bakers Falls.\ 
C .......................................................... Fenimore. 
F ............................. : ..... ~ ............ · .......... Moreau. 

Union Electric Co ............................................. Whitney Point. 
Union Springs Light & Power Co ................................ Union Springs. 

·United Electric Light & Power Co ........................ ·.· .... New York City. 
United Gas, Electric Light & Fuel Co........................... Hu<;Ison Falls . 
United Traction Co.: 

A ........................................ ~ ................ Albany. 
B.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 'Troy Falls. 
C ......................................................... West Sand Lake. 

Upper Hudson Electric & Railroad Co.: 
A ........ = ........ · ........................................ . 

B ........................................................ . 
C ........................................................ . 
D ............... -~ ........ ·.· ....... · ..................... . 

Utica Gas & Electric Co.: 
A ........................................................ . 
D ........................................................ . 
F ......................................................... . 
G ................ ~ ....................................... . 

Vestal Lighting Co ....................... : ..................... . 
Wadhams & Westport Electric Light & Power Co.: · 

A ........................................................ . 
B ........................................................ . 

Wallkill Transit Co .. : ......................................... . 
Wallkill Valley Electric Light & Power Co ..................... . 
Warren Curtis Manufacturing Co. (Inc.) ............... ·.· ........ . 
Warrens burgh Electric Light Works ........................ ~ ... . 

Coxsackie. 
Catskill. 
Cairo. 
Hunter. 

Dolgeville. 
Trenton Falls. 
Utica. 
Little Falls. 
Vestal. 

Wadhams. 
Do. 

Mechanicstown. 
Walden. 
Corinth. 
Warrensburgh. 

• 

• 

•• 
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TAnr"E 100.-Electric-power compa11.ies engaged in public service in the States in which the superpower zone is situated-Con. 

New York-Continued. 

No. Operating cnmpany. 

6240 Warsaw Gas & Electric Co ...................................... . 
6242 Waterville Gas & Electric Co ... ~ ............................... . 

6242-1 Wayland-Steuben Power Co ................................... . 
6243 Waverly, Sayre & Athens Traction Co ......................... .. 
6244 Wayland Light & Power Co. (Inc.) .............................. . 

6242-1 Wayland-Steuben Power Co ................................... . 
6245 Wayne Power Co ............................................. . 
6246 West Branch Light & Power Co.: 

A ......................................................... . 
B ...... .' .................................................. . 

6248 Westchester Lighting Co ....................................... . 
6250 Western New York Electric Co ................................ . 
6251 Western New York Utilities Co.:. 

A ........................................................ . 
B ........................... · ............................. . 
c ........................................................ . 

6252 Western New York & Pennsylvania Traction Co ................ . 
6252-1 Western Vermont Power & Light Co ............................ . 

6254 West Winfield Electric Co ..................................... . 
50946 Witherbee-Sherman Co.: 

A ...................•............. · ......................•. 
B ........................................................ . 

6256 Worcester Electric Light Plant ................................. . 
6257 Wyantskil~ Hydro-Electric Co .................................. . 
6258 Yates Electric ~ig~t & Power Co ............................... . 

6258-1 Yonkers Electnc L1ght & Power Co ............................. . 
48834 A. C. Cheney Piano Action Co ................................ .. 
48895 Warren Curtis Manufacturing Co. (Inc.) ....................... · .. . 
49143 Endicott, Johnson & Co ....................................... .. 
49275 General Electric Co .......................................... .. 
49320 Gould Paper Co ............................................... . 
50074 Newfane Lumber & Manufacturing Co ......................... . 

5007 4-1 New Fabric Cloth Co. ~ ....................................... . 

Warsaw. 
Waterville. 
Wayland. 
Waverly. 
Wayland. 

Do. 
Sodus. 

Stamford. 
Kortright. 
New Rochelle. 
Jamestown. 

Medina. 
Waterport. 
Medina. 
Ceres. 
Carvers Falls. 
West Winfield. 

Port Henry. 
Mineville. 
Worcester. 
Wyantskill. 
Seneca Mills. 
New York City. 
Castleton. 
Corinth. 

Station. 

50206 Oval Wood Dish Co ........................................... . 
50256-1 John Dunlop's Sons ............................................ . 

50506 Setter Bros. Co ........... · ..................................... . 
50712 Ticonderoga Pulp & Paper Co .................................. . 
50762 See Union Bag & Paper Co .................................... . 
50946 I See Witherbee-Sherman Co .................................... . 

Johnson City. 
Schenectady. 
Lyons Falls. 
Newfane. 
Oswego. 
Tupper Lake. 
Phoenix. 
Cattaraugus~ 
Ticonderoga. 
Bakers Falls, etc. 
Port Henry, etc. 

7500 
75.02 
7503 
7504 
7505 

, 7506 
7507 
7508 
7509 
7510 

7510-1 
7510-2 

7511 
7513 
7514 
7515 
7516 
7517 

7517-1 
7518 

7519 
7520 
7522 
7523 
7524 
7526 
7527 

Pennsylvania. 

Abington Electric Co ............ ·.............................. Laplume. 
Allegheny Valley Light Co .................................... Creighton. 
Allegheny Valley Street Railway Co ............................ Pittsburgh. 
Allen Street Railway Co ............................ :. . . . . . . . . . Bethlehem. 
Allentown & Reading Traction Co ............................... Reading. 
Altoona & Logan Valley Electric Railway Co ................... Altoona. 
Ambler Electric Light, Heat & Motor Co .................... , ... Ambler. 
Annville & Palmyra Electric Light Co ........................... Annville. 
Anthracite Power Co ............................... : ........... · Hazleton. 
Ardmore & Llanerch Street Railway Co ......................... Upper l)arby. 
Arendtsville Roller Mills ....................................... Arandtsville. 
Bangor Electric Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bangor. 
Barnesboro Spangler Electric Light Co .......................... Barnesboro. 
Be.ar Lake Electric Light Plant ................................ Bear Lake. 
Beaver County Light Co ........................................ Pittsburgh. 
Beaver Springs Electric Light Co ............................... Beaver Springs. 
Beaver Valley Traction Co ...................................... New Brighton. 
Bedford Electric Light, Heat & Power Co ........................ Bedford .. 
Bala & Merion Electric Co........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Philadelphia. 
Benton Hydroelectric Co.: 

A ...................•.••............................••••. 
]3 •......•...•..•.••••••••.•••......•...•.••..•.•••.•••••. 

Berkshire Electric Co ........................................ . 
Berwich & Nescopeck Street Railway Co ....................... . 
Bethlehem & Nazareth Passenger Railway Co ................... . 
Big Spring _Electric Co ........................ : .............. . 
Birdsboro Electric Co ....................................... .. 
Blossburg Electric Light & Power Co .......................... . 
Blu~ Mountain Electric Co, ......................... : .... ; .... . 

Benton. 
Hydroelectric. 
Sinking Spring. 
Berwick. 
Bethlehem. 
Newville. 
Birdsboro. 
Blossburg. 
Bethel. 
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TABLE 100 . ....,...,.Electric-power companies engaged in public service in.. the States in which the superpower rone is situated-Con. 

No. 

7528 
7529 
7530 
7531 
7533 
7534 
7764 
7535 
7588 
7539 
7540 

7540-1 
7541 
7542 
7543 
7544 
7545 

7545-1 
7545-2 

7546 
7548 
7549 

7549-1 
7550 
7551 
7552 
7553 
7555 
7556 
7557 

7558 
7559 
7560 
7561 
7562. 
7565 
7752 

57543-1 
7562-2 

7566 
7568 

7569 
7570 
7572 
7573 
7574 

7575 
7576 

7576-1 
7577 
7578 
7579 
7581 
7582 
7583 

7584 
7585 
7586 

Pennsylvania-Continued. 

Operating company. Statwn. 

Blue Ridge Traction.Co ............................ ~ .......... _ . Danielsville. 
Boiling SJ?rings Electric Light Co .. __ ... __ ._._._ ... _ .. __ ._...... )3oiling Springs. 
Bolivar Ltght, Heat & Power Co._ .... ___ .. __ ...... _ .. _ .... _. __ . Bolivar. 
Boyertown Electric Co ............ _ ............... _............ Boyertown. 
Bradford Electric Co .... _ .•. __ ... _. __ ._ ......... __ ... ___ , ..... Bradford. 
-Brownstown Electric Light, Heat & Power Co; __ .. _._ .. _ .. _...... Brownstown .. 
Bucks County Electric Co .... _ .................. __ ... : . . . . . . . . Doylestown. 
Buffalo & Lake Erie Traction Co ... _ ........ _ .... _ .... _._ .. -·-.- Erie. 
Canton Illuminating Co._ ..... _ ......... _.-.- __ ... __ ..... _ ...... Canton. 
Mauch Chunk & Lehighton Transit Co _________ ..... _ ... _._ ...... Mauch Chunk. 
Carlisle Gas & Water Co.: 

A_ ... _ .. _ ... _ .... __ ..... _ ... __ ~ .............. _ •... _ . . . . . . Hydroelectric. 
B ....................... _ ............................... _. Steam. 

Carpenter Electric Co .. ___ . ____ .. _ •.. ____ .. __ .................. Me~dville. 
Center Electric Co ...................•.•............. : ......... B:oward. 
Centre & Clearfield Railway Co .............. _ ......• _ •. _. _. _.. Phillipsburg. 
Chambersburg, Greencastle & Waynesboro Street R~ilw;::ty .Co .. __ • , Waynesboro. 
Chambersburg & Gettysburg Electric Railway Co •. __ . . . . • . . • . . . Chambersburg. 
Chambersburg & Shippensburg Railway Co ... __ ... ___ ._ .....• _... Do.. · · 
Cheltenham Electric Light, Heat & Power Co. __ ..... _. ___ .... _.. Philadelphi_a. 
Chanceford Electric Light & Power Co ........ _ .. _ .... __ ...... ,. J)elta. 
Chester County I1ight & Power Co._ ........... _ .. __ ....• __ ._._. Kennett Square. 
Chester ValleY. Electr~c Co: ................. ___ .......... : .... ' .... Co~tesville~ 
Chester & Philadelphia Railway._. __ ... _ .. _ ... __ ... _ ...... _ .... Phtladelphta. 
Cheswick Power Co ................................... _ ..... ". . Colfax. 
Christiana & Coatesville Street Railway_ .. _ . __ ..... __ ••• _ .. _ .. : ~ Lancaster .. 
Citizens Electric Co .............................. _ ... , ....... ·. Williamsport. 
Citizens Electric Co ........ · ....................... _........ .. .. Lewisburg. 
Citizens Electric Light & Power Co .......... __ ......... __ .... _. Hughesville. 
Citizens Light, Heat & Power Co .. _ ..... ~ ... , .... _ .... _ ....• _ .. _ Meyersdale. 
Citizens Light & Power Co .... _ .................... _ ... _........ Oil City. : 
Citizens Traction Co.: · · 

A.··-······--··-···-····-·······-··········-·····-··-··-· Do. , 
B ............ _ ......................... _ . _ ..... _ .. _ .. _ . __ . Franklin. · · 

Clairton Street Railway Co ................. _ ..... _._ .......... Pittsburgh. 
Clarion Electric Co ..................... _ ... _ .................. Clarion. 
Cleveland & Erie Railway Co ............ _ . . . . . . . . . . . . . . . . . . . . . . Girard. 
Clymer Power Co. __ .............. _ ... _ .... _ ..... _._........... Raubsville. 
Coalport-Light, Heat & Power Co ............. _ ................ Coalport, _.-
Conestoga Traction Co ....... " .................................. Lancaster. 
J. W.· Conner & Sons .......................................... Orangeville. 
Consolidation Coal Co .... _ .. _ ............ _ ................... _. Jenner. 
Coopersburg Electric Light; Heat & Power Co ................... Coopersburg. 
Corry City Electric Light Co ........... _ .. _ ... _ ............... _. Corry. 
Counties Gas & Electric Co.: 

B ....................................................... . 
c ...................................... · .................. . 

Cresson Electric Light Co .................................... .. 
Cumberland Railway ................. _ ... _ .. _ ...... _ .......... . 
Danville & Sunbury Transit Co ........ _ .................. " .... . 
Deal Electric Light & Power·Plant .. _ ... _ ......... _ .. __ ........ . 
Delaware County Electric Co.: . . 

A---········-···················--··-········'·-··-··-··· 
B ......................................................... . 

Delaware County & Philadelphia Electric Railway Co ......... _. 
Delaware Water Gap Light Plant .......... _ .... _ ............... . 
Delta Electric Light Co .............. · ......... _ ............. _ .. 
Delta Electric Power Co ...................................... . 
Delta Water Power Co ......................................... . 
Dillsburg Light, Heat & Power Co .......................... : .. . 
DuBois Electric & Traction Co .......... __ .... _ _. .............. . 
Dunbar Electric Co .............. ___ .. _ .. __ .. _ ............... _ . 
Duquesne Light Co.: · 

A ............................ ·-----··-··················-· 
B ....................................................... ·. 
c .. ·········-·····-···········-····-······················ 
D ........ · ........................................... ······. 
E .....•••..................................... .- ......... . 
F .......•................................................. 
K ..•••••••••.................... --.... -.. -... -.......... . 

Duquesne & Dravosburg Street Railway Co .................... . 
Eaglesmere Light Co .............. - ........ - ................. .. 
East End Passenger Railway Co ................................ ;. 

Norristown. 
Wayne. 
Cresson. · 1 

Carlisle. · 
Danville. 
Cooks Mills. 

Beacon. 
Chester. 
Clifton Hetghts. 
Delaware Water Gap. 
Delta. 

Do. 
Do. 

Dillsburg. 
DuBois.· 
D'unbar. · 

Brunots Island.
Rankin. 
Twentieth Street. 
Thirteenth Street. 
Glenwood. 
Phipps. 
Millvale. · 
Duquesne. 
Eaglesmere. 
Williamsport. 

,·. \' 

• 

.. 

•• 

• 
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TABLE 100.-Electn.c-power companies engagedin pubUc senJice in the States in whicn the super:power zcme ~s.S'l.tua.ted-Con. 

No. 

7587 

7588 
7589 
7590 
7591 
7592 
7593 
7595 
7882 
7596 
7597 
7598 

7599 

7600 
7601 
7602 
7603 
7605 
7607 
7608 

7608-1 
7609 
7610 
7612 
7615 
7616 
7617 

7617-1 
7618 

7618-1 
7619 

7620 
7622 
7623 
7624 

7624-1 
7625 
7627 
7628 
7629 
7630 
7631 
7632 
7633 
7634 
7636 
7637 
7639 

7640 

7640-1 
7641 
7642 
7643 
7644 
2800 

7647 
7647-1 

7648 

Pen.nsyl.vania-:"Continued. 

Operating company. 

Eastern Pennsylvania Light, Heat & Po;er Co.: 
A ....................................................... . 
B ....................................................... . 
c .. ······················································· Eastern Pennsylvania Railway Co ..••........................... 

Easton Transit Co ............................................. . 
East Pennsy 1 vania Gas & Electric Co ........................... . 
Ebensburg Light, Heat & Power Co ............................. . 
Eckels Light, Heat & Power Co ............................... . 
Edison Electric Co ........................................ · ... . 
Edison Light & Power Co ...................................... . 
William Ellsworth Electric Co ................................. . 
Ephrata & Lebanon Street Railway Co ......................... . 
Ephrata & Lebanon Traction Co ................................ . 

Ashland. 
Frackville. 
Palo Alto. 
Pottsville. 
Allentown. 
Bristol. 
Ebensburg. 
Conneautville. 
Engleside. 
York. 
Wyalusing. 
Lebanon. 
Pittsburgh. 

Erie County Electric Co.: 
A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Erie No. 1. 
B ................................... _ .................... Erie No.2. 

Erie Lighting Co.: .. 
A .. -- .......... , ............................ ,.· .. ·~·'········· 
B ........................................................... . 

Everett Light, Heat & Power Co ................... , ... : ........ . 
Excelsior Electric Light, Power & Gas Co ......... .:·.~ . . ·J ~ ••••••••• 
Fairchance & Smithfield Traction Co ............ !_ • , ~· ~ ~ •.•••••••• 

Fairmount Park Transportation Co .......... : ........ ;!: .•........ 
Frankford..z. Tacony & Holmesburg Street Railway Q.o •• · •.. : ........ . 

Front Street. 
Peach Street. 
Everett. 
Philadelphia. 
Uniontown. 
Belmont. 
Philadelphia .. 
Cresson.· 

Station. 

Gallitzin ~lectric Light Co ..................................... . 
Garret Electric Light, Heat & Power Co ............... · ............ . 
Harry E. Geiser ..........•.•••.. ~ .......... ~ ................... . 
Gettysburg Electric Co ....•••................................... 

Garrett. 
Montgomery Mills. 
Gettysburg. 

Gettysburg Railway Co ............................. ~ .......... . 
Glen Rock Electric Light & Power Co ......................... . 
Greencastle Light, Heat, Fuel & Power Co .......... , . · •.... : . .. . 
Halfpenny & Grove ........................................... . 
Hamburg Gas & Electric Co ..................................... . 
Hanover Light.z.Heat& Power Co ............................... . 
Hanover & Mc1::lherrytown Street Railway Co .................... . 
Harmony Electric Co ..................... -.................... -

Do. 
Glen Rock. 
Greencastle. 
Mifflinburg. . 
Hamburg. ' 
Hanover. 

Do. 
Harmony. 

Harrisburg Light & Power Co.: . 
A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cedar Street. 
B ........................................................ , Ninth Street. 

Han~sburg Rail_ways Co ................................. : ...... Har~sburg. 
Hastmgs Electncal Co. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . Hastmgs. 
Hershey Transit Co .............................................. Hershey. 
Highland Grove Traction Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . McKeesport. 
Hinkletown-Conestoga Valley Electric Co ....................... Hinkletown. 
Home Electric Co .......... · .................................... Coudersport. 
Home Electric Light & Steam Heating Co ....................... Tyrone. 
Homestead & Mifflin Street Railway Co ......................... Homestead. 
Honesdale Consolidated Light, Heat & Power Co. . . . . . . . . . . . . . . . Honesdale. 
Houtzdale Electric Light, Heat & Power Co...................... Hou~zdale.' 
Hummelstown Water & Power Co................................ Harnsburg. 
Huntingdon, Lewistown & Juniata Valley Traction Co ............ Huntingdon. 
Hyndman Electric Light, Heat & Power Co...................... Hyndman. 
Indiana County Street Railway Co.............................. Indiana. 
Int~course ~l_ectric J:igh~ Heat & Power Co. . . . . . . . . . . . . . . . . . . . Int~rcourse. 
Irwm-Hernnme TraGtiOn uo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Irwm. 
Jefferson EleCtric Co. : · 

A ....................... _ .... _ ........................... Punxsutawney. 
B ................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Reynoldsville. 

Jersey Shore T1·action Co.: . 
A .................................•.........•............ Florence. 
B .................................... : ...... ···.······· ... . 

Jersey Shore Electric Co ................... ~ ....... ~.- ......... . 
Jersey Shore Electric Street Railway Co ........................ . 

Rathmel Junction. 
Jersey Shore. 

Jersey Shore & Antes Fort Railroad Co .......................... . 
Johnsonburg Light & Power Co ........................ " ........ . 
Jolmstown Tractio.n Co ....................................... . 
Keystone Electric Service Corporation: 

Do. 
'Do. 

Johnsonburg. 
Johnstown. 

A •......•.•.............................................. Ridgway. 
B .....•................................. · .................. Kane. 

Kittanning & Leechburg Railways Co ............................. Pittsburgh. 
Lackawanna Light Co .......................................... Scranton. 
Lackawanna & Wyoming Valley Power Co ...................... ~ Do. 
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TABLE 100 . ..,.-Electric-power. companies engaged in public servtce in the States in which the superpower zone is situated-Con. 

No. 

7649 
7650 

7652 
7653 
7658 
7659 
7661 
7662 
7663 
7664 
7665 
7667 
7668 
7669 

7670 
7672 
7539 
7674 
7675 
7676 
7677 
7678 

7679 
7680 
7681 

.-.7582 
7683 
7684 
7685. 
7686 
7688 

7688-1 
7689 
7690 
7691 

7691-1 
7691-2 

7692 
7693 
7694 
7695 
7696 
7697 
7698 
7699 
7700 
7701 
7702 
7703 
7704 
7705 
7707 
7708 

7708-1 
7709 
7710 
7711 
7712 
7713 
7714 
7716 
7717 
7718 
7719 

Pennsylvania-Continued. 

Operating company. 

Lancaster County Railway & Light Co .......... · ................ . 
. Lancaster Electric Light, Heat & Power Co.: 

A ....................................................... . 
B ....................................................... . 

Lancaster & York Furnace Street Railway Co .................. . 
Langhorne Electric Light & Power Co .......................... . 
Lehighton Electric Light & Power Co ........................... . 
Lehigh Traction Co .........•................................... 
Lehigh Valley Transit.Co ..................... " ...... : ......... . 
Lewisburg, Milton & Watersoritown Passenger Railway Co ....... . 
Lewistown & Reedsville Electric'Railway Co .................. . 
Lilly Electric Light, Heat & Power Plant ....................... . 
Lock Haven Electric Light & Power Co ......................... . 
Luzerne County Gas & Electric Co ............................. . 
Lycoming Edison Co ..... ~ .................................... . 
Lykens Valley Light & Power Co.: . 

A .... ····· .................. ~ ........................... . 
B ....................................................... . 

Macungie Electric 'Light, Heat & Power Co ...................... . 
Mansfield Electric Co ......................................... . 
Mauch Chunk & Lehighton Transit Co .......................... ~ 
Mauch Chunk Heat, Power & Electric Light Co ................ . 
Media, Glen Ridle & Rockdale Electric Street Railway Co ...... . 
Mercer County Light, Heat & Power Co ......................... . 
Mercersburg, Lehmasters & Markes Electric Co ................. . 
Metropolitan Edison Co.: . 

A ........................................................ . 
B ....................................................... . 
c .............. · ............................................ . 

Meyersdale Electric.Light, Heat & Power Co .................... . 
Middleburg Light, Heat & Power Co ............................ . 
Midland Electric Light & Power Co ............................. . 
Juniata Public Service Co ........•.............................. 
Montgomery Transit Co .........•............................... 
Montgomery & Muncy Electric Light, Heat & Power Co .....•... 
Montoursville Electric Light Co ................................ . 
Montoursville Passenger Railway Co ............................ . 
Mount Holly Light, Heat & Power Co ........................... . 
Mount Jewett Electric Light Co ................................ . 
Mount Penn Gravity Railroad Co .............................. . 
Municipal electric plant ................... ~ .................... . 
..... do ...•.................................................... 
..... do ....................................................... . 
..... do ....................................................... . 
..... do ..................... ~ ................................. . 
..... do ....................................................... . 
. . . . . do ................................. ~ ..................... . 
..... do ....................................................... . 
..... do ....................................................... . 
. . . . . do .......... : ............................................. . 
..... do ...............................................•........ 
. .... do .............................. : .................. " ...... . 
..... do ......... ·····························"·················· 
..... do ..... · .................................................. . 
..... do ....................................................... . 
..... do ..................................................... · .. . 
..... do ............................................. · ........... . 
. .... do ...... · ................................................... . 
..... do ....................................................... . 
.... ·.do ............ · .................. · ......................... . 
..... do ............... • .......... · ............ ··.·················· 
. . . . . do .................... : ................................... . 
..... do ..................... ·.········ ...... ·.·········· ........ . 
..... do ....................................................... . 
. . . . . do ........... ~ ............ : .............................. . 
..... do ....................................................... . 
..... do ........................................................ . 
..... do ............. : ....... ····.····· ......................... . 
... .. do .................................................. , .... . 
. .. . . do ................................... · .................... . 
. ... . . do .............••••••.................................. ' .. 

Lancaster. 

Rock Hill. 
Slackwater. 
Philadelphia. 
Langhorne. 
Lehighton. 
Hazelton. 
Allentown. 
Milton. 
Lewistown. 
Lilly. 
Lock Haven. 
Plr.mouth. 
W 1lliamsport. 

Wiconisco. 
Williamstown. 
Macungie. 
Mansfield. 
Mauch Chunk. 

Do. 
Media. 
Greenville. 
Markes.· 

Lebanon. 
Klapperthal. 
West Reading. 
Meyersdale. 
Clearfield. 
Pittsburgh. 
Millersburg . 
Norristown. 
Montgomery. 
Montoursville. 

Do. 

StatiOn. 

Mount Holly Springs. 
Mount Jewett. 
Reading. 
Allegheny. 
Aspinwall . 
Bally. 
Bechtelsville . 
Berlin. 
Catawissa. 
Chambersburg . 
Conemaugh . 
Confluence. 
CoraoP.olis . 
Danville . 
Duncannon . 
Easton . 
Ellwood City . 
Emporium . 
Ephrata . 
Etna. 
Ford City . 
Goldsboro . 
Grove City.· 
Hatfield . 
Kutztown . 
Lansdale . 
Meadville . 
Media . 
Middletown, 
Mifflinburg . 
New Freedom. 
New Wilmington . 
Norristown . 
Olyphant . 

• 

• 

• 

•• 

•• 

... 
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TABLE 100.-Electric-power companies engaged in public service in the States in which the superpower zone is situated-Con. 

No. 

7720 
7721 
7722 
7723 
7724 

7724-1 
7725 
7726 
7727 
7728 
7729 
7730 

7730-1 
7731 

7731-1 
7732 
7733 
7734 
7735 
7736 
7737 
7738 
7740 
7741 
7743 
7748 
7749 
7750 
7751. 
7752 
7753 
7754 
7755 
7756 
7757 

7758 
7760 
7761 

7763 
776•1 

7764-1 
7765 

7765-1 

7766 
7767 

7768 
7769 
7771 
7773 

Pennsylvania-Continued . 

Opcratmg company. 

Municipal electric plant ...................................... . 
. . ... do ....................................................... . 
. .. .. do ..•..................................................... 
..... do ................ · ....................................... . 
. .. .. do ......................... : ............................. . 
. . . . . do ....................................................... . 
..... do ................................ ·.· ................... ~ .. . 
. . . . . do ....................................................... . 
..... do ....................................................... . 
..... do ....................................................... . 
. . . . . do ....................................................... . 
..... do ....................................................... . 
. .. . . do ....................................................... . 
. .... do ....................................................... . 
. . . .. do ....................................................... . 
Neversink Mount~in Railway Co .. ··········~············ ..... . 
Newcastle Electnc Co ................... · ..................... . 
Newcastle & Lowell Railway Co .............................. . 
New Holland, Blue Ball & Terre Hill Street Railway Co ........ . 
New Hope Electric Co ........................................ . 
New Kingstown Electric Light~ H13at & Power Co .............. . 
Newmanstown Electric Light<.\> Power Co ...................... . 
Nicholson Light, Heat & Power Co ............................ . 
Norristown Transit Co ....................... · .................. . 
Northampton Traction Co ...................................... . 
Northwestern Electric Service Co .............................. . 
Northwestern Pennsylvania Railway Co ........................ . 
Oakdale & McDonald Street Railway Co ....................... . 
Oley Valley Railway Co ....................................... . 
J. W. Conner & Sons ......................................... . 
Oxford Electric Co ............................................. . 
Panther Valley Electric Co ................................... . 
Patterson Heights Street Railway Co .......................... . 
Paupack Electric Co ............ · .............................. . 
Penn Central Light & Power Co.: · 

C ........................................................ . 
D ......................................................... . 

Penn Central Power & Transmission Co ........................ . 
Penn Hydro-Electric Co ........................ , .............. . 
Penn Public Service Corporation: 

A ........ : ........ ~ ............... ········ .... ····· ..... . 
B ....................................................... . 
c .. ······················································ 
E ....................................................... . 
F ........................................................ . 
G ................... · .................................... . 
II ..................................................... · .. . 
J ............. ················ ...... ·······. ············ .. 

. K ....................................................... . 
Pennsylvania Light & Power Co .............................. . 
Bucks County Electric Co ............. , ...................... . 
Pennsylvania-New Jersey Railway Co .......................... . 
Pennsylvania Power Co ...................................... . 
Pennsylvania Power & Light Co.: 

A ....................................................... . 
]3 .....................................•.................. 

C .. ······················································ 
D ........................................................ . 
E ....................................................... . 
}' ......... ········ ... ·················· .... ············· .. 
G ....................................................... . 
J:I ....................................................... . 

Pennsylvania Railroad ....................................... . 
Pennsylvania Utilities Co.: 

B .......................................•................ 
D ........................................................ . 
I~ .................................................. · ...... . 

Pennsylvania Water & Power Co .............................. . 
Pennsylvania & Maryland Street Railway Co .................. . 
Peoples Street Railway Co. of Nanticoke & Newport ............ . 
Philadelphia Electric Co.: . ' 

A ....................................................... . 
B ....................................................... . 

Peckville. 
Pennsburg . 
Perkasie . 
Pitcairn. 
Quakertown. 
Royalton . 

St:ation. 

St. Clair. 
Schuylkill Haven . 
Sharpsburg. 
Souderton. 
Taren tum . 
Titusville. 
Wampum . 
Weatherly . 
Womelsdorf . 
Reading. 
Newcastle. 
Youngstown. 
Lancaster. 
New Hope. 
New Kingstown. 
Lebanon. 
Nicholson. 
Philadelphia. 
Easton. 
Erie. 
Meadville. 
Pittsburgh. 
Reading. 
Orangeville. 
Oxford. 
J,ansford. 
Beaver Falls. 
Hawley. 

Eighteenth Street, Altoona. 
Twentieth Street, Altoona. 
Williamsburg. 
Warrior Ridge. 

Blairsville. 
Clearfield. 
Philipsburg B. 
Indiana. 
Philipsburg A. 
Broad Street. 
Vine Street. 
Somerset . 
Rockwood. 
Pittsburgh. 
Doylestown. 
Yardley. 
Ellwood City. 

Harwood ~fines. 
Ilauto. 
Irondale. 
Milton. 
Mount Carmel. 
Selinsgrove. 
Shamokin. 
Sunbury. 
Philadelphia. 

Dock Street. 
South Side No. 1. 
East Stroudsburg. 
Holtwood. 
Boynton. 
Wanamie. 

Schuylkill No. 1. 
Carpenter. 
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TABLE. 10.0.-Electric-power companies engaged in public-service in the States in which the superpower zone is situated-Con. 

7773 

7774 
7775 
7776 

7777 

7778 
7779 
7780 

77..81 
7782 
7783 
7785 
7786 
7788 
7789 
7790 
7791 
7792 
7793 

7793-1 
7794 
7795 

7796 
7797 
7798 
7800 
7801 
7802 
7803 
7804 
7805 

7805-1 
7806 
7807 
7808 
7809 
7811 

7812 
7813 
7814 
7815 
7816 
7817 
7818 
7819 

7820 
'/820-1 

7821 
7822 
7823 

Pennsyl vania--oContinucd. 

Operating company. ' 

Philadelphia Electric Co.-Continued. 
c .. ······················································ 
D ........................................................ . 
G •............. · ......................................... . 
H ....................................................... . 
K ........ · ............................................... . 

Philadelphia Hydro-Electric Co ................ : .............. . 
Philadelphia Railways Co ..................................... . 
Philadelphia Rapid Transit Co.: . 

A ........................................................ . 
B ......................................................... . 
C ................... · .................•..................... 
D .............................................. : ......... . 
E ...... l ................................................ . 

Philadelphia Suburban Gas & Electric Co.: 
. C ......................................................... . 
D ..................................... ·~---················ 

Philadelphia ~ Easton Electric Railway Co .................... . 
Philadelphia & Garrettford Street Railway Co ................. . 
Philadelphia & West Chester Traction Co.: 

A ......................................................... . 
B .. · .... -................................................. . 

Philadelphia & Western Railway Co ............................ . 
Phoenixville, Valley Forge & Strafford Electric Railway Co ..... . 
Phoenix Water Power Co: ................................ · ....... . 
Pine Grove Electric Light, Heat & Power Co ................... . 
Pittsburgh, Harmony, Butler & Newcastle Railway Co ......... . 
Pittsburgh Railways Co ... _ ......•...•.... , ... _ ... , .......... . 
Pittsburgh & Allegheny Valley Traction Co ..................... . 
Pittsburgh & Beaver Street Railway Co ..... _ .................. . 
Pittsburgh, Mars & Butler Railway .. _ .. _ ..... , ...... _ .......... . 
Plymouth & Larksville Railway Co ...... _ ...................... . 
Pottstown & Phoenixville Railway Co._ .... , ............ _ ...... . 
Prospect Rock Light & Power Co .. , ......... , .... ,_ ... _ ....... . 
Railroad Electric Light & Power Co ........................... . 
Rayetown Water Power Co.: 

A ....................... · ... ~----·-······················· 
B.· ................... ~- ..... ' .... ':.- ......... ·.· .. • .. : .... . 

Reading Transit & Light Co .... ,_, ...•............ _ ......... , .. . 
Red bank Electric Co ......... _ ................................ _ . 
Renovo Edison Light, Heat & Power Co .... , .•.......... _ ....... . 
See Keystone Electric Service Corporation ............... : ...... . 
Ringtown Electric Light, Heat & Power Co. , ........... _ ...... . 
Roaring Spring Light, Heat & Power Co ................. _._ .... . 
Rockwood Electric Co .......•..•...•.......................... 
St. Marys Electric Light Co .............. _ ............... _ .... . 
Sayre Electric Co ........ : .. - ... - .. - ............... · ........... . 
Schuylkill Electric Co ........... _ . _ ...... -................... . 
Schuylkill Gas & Electric Co ......... __ ...... ~ .. _ .............. . 
Schuylkill Light, Heat & Power Co ............................. . 
Schuylkill Railway Co .................. , ..................... . 
Schuylkill Valley Traction Co ....... _ ...•............... _ ..... ~. 
Scranton Electric Co.: · 

A••••••••c••••••••••••••••••••••••••••••••••••••••••••••••• 

B .................................... _ .................... . 
C ........................................•. -.............. . 

_Scranton Railway Co .......•................. , .. - ............ . 
Scranton & Binghamton Railroad Co ......................... : .. 
Shamokin & Edgewood Electric Railway Co ..................... . 
Shamokin & Mount Carmel Transit Co .......... -.............. . 
Sharon & New Castle Street Railway Co .... , ..... __ ............. . 
Shenango Valley Electric Light Co .. , .. ·,·.~ ................... . 
Shermans Valley Light, Heat & Power Co ....................... . 

Edison. 
Callow hill. 
Tacony. 
Delaware. 
Schuylkill. 
Manayunk. 
Philadelphia. 

Station. 

Beach Street. 
Market Street. 
Wyoming A venue. . 
Upper Darby. · 
Mount Vernon Street. 

West Chester. 
Cromby. 
Doylestown. 
Up"per Darby. 

Ridley Creek. 
Llanerch. 
Upper Darby. 
Phoenixville. 

Do. 
Pine Grove. 
Harmony. 
Pittsburgh. 

Do. 
Do. 

Renfrew. 
Wilkes-Barre. 
Philadelphia .. 
Georgetown. · 
Railroad. 

Main. 
Auxiliary. 
Reading. 
·New Bethlehem. 
Renovo. · 
Ridgway, etc. 
Ringtown. 
Roaring Spring. 
Rockwood. 
St. Marys. 
Sayre. 
Girardville. 
Allentown. 
Girardville. 

Do. 
Collegeville, 

Pittston. 
Suburban. 
Linden Street. 
Scranton. 
Dalton. 
Shamokin. 
Mount Carmel. 
Youngstown. 
Sharon. 
Landisburg. 

Shippenburg Gas & Electric Co.: · · 
A ............................ , ..... , ... - ................. Roxbury. 
B ......................... : ............................... Shippensburg. 
C .......................................................... Lurgan. 

Slate Belt Electric Street Railway Co .... · ........................ ' Penn .A-rgyl. 
Solar Electric Co .. , ....................... -........ , . . . . . ... . . . Brookville. 
South Bethlehem & Saucon Street Railway Co. . . . . . . . . . . . . . . . . . South. Bethlehem. 
Southern Cambria Railway Co ................................... Bropkdale. 
Southern Pennsylvania Traction Co .............................. Chester. 

. .. 

•• 

•• 
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TABI.E 100.-Electric-power companies engaged in public servwe in the States in which the superpower zone is situated-'-Con. 

No. 

7825 
7827 
7828 
7829 
7830 
78.32 
7833 

7833-1 
7834 

7834-1 
7835 
7836 
7837 
7838 
7839 
78'40 
7841 
7842 
7843 
7845 
7846 
7848 
7849 
7851 
7852 
7853 
7854 
7855 
7856 
7857 
7858 

7858-1 
7859 

7860 
7861 
7862 
7863 
7866 

7867 
7868 
7870 
7871 
7872 
7873 

7874 
7876 

. 7877 
7878 
7879 
7880 
7881 
7882 

'7882-1 
7883 
7884 
7885 

Pennsylvaida-Continucd. 

Operating company. 

South Side Passenger Railway Co .............................. .. 
State Center Electric Co .................................... " .. . 
Stmsburg Electric Light, Heat & Power Co ..................... . 
Stroudsburg Electric Light & Power Co .... : . .................. . 
Stroudsburg Traction Co ........................ : ........ '. .... . 
Sunbury & Susquehanna Railway .............................. . 
Susquehanna County Light & Power Co.: 

A ......................................................... . 
B ............... : ....................................... . 

Susquehanna Traction Co ...................................... . 
Tarentum, Brackenridge & Butler Street Railway Co .......... -~ .. 
Tatamy Light, Heat & Power Co .........•..................... 
Titusville Dight & Power Co .................................. . 
Titusville Traction Co ......................................... . 
Titusville & Cambridge Railroad Co ............................ . 
Towanda Electric Illuminatin~ Co ............................ . 
Trenton, Bristol & Phjladelphia Street Railway Co ............. . 
Treverton Electric Light & Power Co .......................... . 
'rri-County Electric Co .................................. · •...... 
Troy Electric Light, Heat & Power Co ......................... .. 
Tunkhannock Electric Co .................................... . 
Union City Electric Light Co ................................... : 
United Electric Co ...................... : .. · ................... . 
United Electric Light Co ...................................... . 
United Light

1 
Heat & Power Co ................................ . 

United Lightmg Co ......................................... : .. 
Vallamont Traction Co ........................................ . 
Vandergrift Electric Light&' Power Co ......................... . 
Warren Light & Power Co ..................................... . 
Warren Street Railway Co ..................................... . 
Warren & Jamestown 'Street Railway Co ........................ . 
Waterford Electric Light Co ............................. · ....... . 
Waynesburg & Blackville Street Railway Co .................... . 

;:h~~~~0M~~~:s~~cB~~i~ ·-y~-r~~~-& F~y~tt~ Cit;; st;~~t R~il~~y. 
Co. 

Weimer Electric Light & Power Co ....... ~ ................... .. 
Wellsboro Electric Co ......................................... . 
West Chester, Kennett & Wilmington Electric Railway Co ....... . 
Westmoreland County Railway Co .................... · .......... . 
West Penn Power Co.: 

A .................................................... · ..... . 
B ................................ · ....................... . 
c ................................................. : ....... . 
E ....................................................... . 
1;'1_ ..••.•.••..•••.•...•••.••....•.•.............•.......... 
G ....................................................... . 
H: ...................................................... . 
J .................................................... ····· 

West Penn Railways Co .................................. ~ ..... . 
West Side Electric Street Railway Co ........................... . 
Whitehall Street Railway Co ................................... . 
White Haven Electric Illuminating Plant ...................... . 
White Oak Light, Heat & Power Co ................... : .... ; .. .. 
Wilkes-Barre Co.: 

A ..............••.•.•••.•.•...•............................ 
B .. ······················································ 

Wilkes-Barre Railway Co .. · ................................... . 
Wilkes-Barre & Hazleton Railway Co .............. : ............ . 
Wilkes-Barre & Wyoming Valley Traction Co ................... . 
Williamsport Passenger Railway Co ............................. . 
Windber Electric Co ............... -.......................... . 
Woodlawn & Southern Street Railway ........................ . 
Wrightsville Light & Power Co ................................. . 
William Ellsworth Electric Co ...•.............................. 
Yeagertown Water Power Co ................................... . 
Yorkhaven Water & Power Co ................................. . 
York Railways Co ............................................. . 
Zelienople Light & Power Co ................................. .. 

Williamsport. 
Milesburg. 
Strasburg. 
Allentown. 
Stroudsburg. 
Rolling Green. 

Oakland. 
Lanesboro. 
Lock Haven 
Tarentum. 
Tatam¥.· 
Titusville. 

Do. 
Do. 

Towanda. 
Croydon. 
Treverton. 
Lincoln. 
Troy. 
Tunkhannock 
Union City.' 
Lemoyne. 
Wilmerding. 
Stoyestown. 
Albion. 
Williamsport. 
Vandergrift. 
Warren. 
Stoneham. 
Warren. 
Waterford. 
Waynesburg. 
Waynesboro. 
Charleroi. 

Station. 

Mount Gretna. 
Wellsboro. 
Kennett Square. 
Pittsburgh. 

Ohiopyle .. 
ConnellsVIlle. 
Ligonier. 
Washington. 
Waynesburg. 
Kittanning. 
Butler. 
Springdale. 
P1ttsbur~h. 
Charleroi. 
Allentown. 
White Haven. 
Hollsopple. 

North River Street 
Bennett Street 
Wilkes-Barre.· 
St. Johns. 
Wilkes-Barre . 
Williamsport. 
Windber. 
Pittsburgh. 
Wrightsville.· 
Wyalusing. 
Yeagertown. 
Yorkhaven. 
York. 
Zelienople. 
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No. 

7900 
7901 

7902 
7900 

7904 
7905 
7906 
7909 
7910 
7911 

7911-1 
7913 
7915" 
7914 
7916 

8700 
8701-1. 

8703 
8703-1 

8705 
8706 
8708 

8708-1 
8709 
8712 
8713 
8715 

8716 
8718 
8719 
8720 
8721 

8723 
8724 
8726 
8727 
8728 
8731 
8733 
8734 

Rhode Island·. 

Operating company. Station. 

See Easte~n Massachusetts Street Railway Co ..................... Portsmouth, etc. 
Blackstone Valley Gas·& Electric Co.: 

B ........................................................... Pawtucket. 
C ........... ·.: ................. - ............... _ ....... _ ... Woonsocket. 
n· ........... _ ......... _ ............... _ . _ ..... _ ..... _ . _ . _ . Jencks Lane. 

Bristol County Gas & Electric Co .. __ ..... _ ... _ . _ . _ . _ .. _______ . . .Bristol. 
Eastern Massachusetts Street Railway Co.: 

A ...... -... -.-._._ .. _ .. _ ... _ ... _.: ........ ____ . __ ... ____ .__ Portsmouth. 
B ...... ---..... - _ ............ - _ - _ . _ .. _ .. __ ... - ... _ ...... _ . . Newport. 

Municipal electric plant.._._ .......... _ ..... _ ...... _ ..... _ .... _. Pascoag. 
Narragansett Electric Lighting Co .............. _ ... _ ............. Providence. 
Narragansett Pier Electric Light & Power Co .... _"~ ........ _ .... _ Wakefield. 
Providence, Warren & Bristol Railroad Co ........ ~ .. _ ..... _ ..... Warren. 
Rhode Island Co .......... -... _ .......................... _ . . . . . Providence. 
Rhode Island Power Transmission Co ............................ Worcester. 
F. A. Sayles .......................... _ ........... _ ............. Samoset. 
Tiverton Electric Light Co ............ _ ...... _ .. _. __ · .... _ .... _ .. Tiverton. 
Westerly Light & ~ower Co ............ . 

1 
•• _. _ ••••• _ ••••••• _ ••••• Westerly. 

West Gloucester Light & Power Co .. _ ...... _ .. _ ......... _._ ... _. Putnam 
Wickford Light & Water Co .... ___ ._._._. __ .. _._._._ ..... _ ... __ Wickford. 

Vermont. 

William F. Allen Light Co ... • ................................. . 
Bellows Falls Electric Co.: . · 

A ....................................... --···-·-·····-·-·-'· 
B-····-··················---·······-·-·-·-·-·-···---·-·--·· 

W. E. Benson._._ ..... _ ..... __ .. _ ... _. ___ ._ ... _____ ... _.- __ ._. 
Berkshire Street Railway Co .... _._._. _____ .. ____ .... __ . __ .. ___ . 
Bradford Electric Lighting Co .. _ . _ . _ . ___ . _____ . _ . ___ ....... __ .. 
Bridgewater Electric Co ........ _ ... _._._. ___ .. __ ._._._ .... _ ... . 
Burlington Light & Power Co.: · 

A--····'··········----~---···-······-······-···-·-·-·-·-··· 
B-·············-···-·····-·········-··----···-··---··-·-·-· 

Burlington Traction Co ........... _ ... _ . _ ... _ ... _ · .... __ ... _ .. _ . _ . 
Chester Water & Light Co ...... _ .... _._ ... _ .. __ ._ ... __ .. _._._._. 
See Vermont Hydro-Electric Corporation .. _._ .. _.: .. : .. _._ ... _._. 
Connecticut River Power Co. __ .. __ .. __ ._._. _________ ._ .. _.·. ___ . 
Eastern Vermont Public Utilities Corporation: · 

A-··········--·-·'·-···-·-·-·--·-··-··------·-·-·-·---···--
B .............. -.-.-.-.-.- ... - .... ---.-----.--- ~ .. - ... -.----
C--······-···-·-·---·--··-·····-·-·-------···---·-···-·-·-· 
D-········-·-·-·---·-·-·-···-·-··--·-·-·--·-····-····----· 
E .... , ............ --··--·--···---··-·--·., ..... --·-·····----
F .................... :.·-·-·-·-·-·--··-··---····-···-·----

Electric Light & Power Co .... _ ... ·- ... _ ...... __ .... _ ...... _._. __ 
Fall Mountain Electric Co ........ _._. __ .. __ .... _. ___ ._ ... _. ___ . 
Frontier Electric Co .............. -. __ ._._ .. __ ._._._. __ .... -_-.--
Glover Electric Light .Plant._. __ . ___ . __ . _______ . ___________ , ___ _ 
Hortonia Power Co.: · . 

A---·-·······-·-···-·---------·---------------------------· 
B ................. ·---------·-------·-·----·-·---·-··--------· 
C .. -.-.-··-.~.-.---_.-.-.-.-.---.-.-------------.-.---.---.-. 
D-·"·-·--·- --·- ------- -·------· ----------- --···--·-·-··· ·--· 
F-···-·-··---·-··'·-------------------------··-·--·---··-·· 
G ....... ·-····--·-·-·-·-·-·-·---------·-·---·-·····-·-·-·--
H ......... · ........................................... ·----
J.-.- ... -.- ... -.-.-.-.---.---.-.---.--- .. ··---.-:-.---.-- ... 
L-····-·-·-···-·-·-·---·-·-·-·-·-·---------·-------·------· 
M .. · .......... : .. ·-···-·---·-·--··-------·-·-···-·-·---·-.· 

Island Pond Electric Co_ ... _ . ___ .. __________ .. ___ . _ . _ . _ . _ ... _ . __ 
Jones & Lamson Power Co ...... _.- .. --.--- __ .. -_-.-_-----.-.----
B. J. Kendall Co .... _ . _ . _ . _ . _ . _ . _ . _ . - . - . _ ... - . - . - _ - . - . - . - . - . - . 
Lunenb_urg Manufacturing Co ...... -.. _ .... -_ .. - .. ___ ...... _.-_-. 
Lyman F~lls Power Co .... _ ... __ -..... _ ... · .. ___ ..... _. _____ .. ·._. 
M~d1lebll!Y ;Ele~tric Co- . -.. -.. -.. __ .... - . - _ .. - . - . - . - . - . _ . _ ... __ 
M1ssisqu01 L1ghtmg Co ..... _ ....... -.- ....... - ..... - .... _ .... -. 
Missisquoi Pulp Co ...... _ ... _ . _ . _ . _ ... - ..... - ............... - . 

Canaan.· 

Rockingham. 
Water. 
Weston. 
New Haven. 
Bradford. 
Bridgewater. 

Colchester. 
Essex Junction. 
·Vergennes. 
Chester. 
Cavendish, etc. 
Vernon. 

Barnet. 
Groton. 

Do. 
Ryegate. 
Wells River. 
Joes Pond. 
South Londonderry. 
Forest. 
North Troy. 
Glover. 

Bethel. 
Bristol. 
Gaysville. 
Bethel. 
Hortonville. 
Brandon. 
Salisbury. 
Silver Lake. 
Middlebury. 
Way bridge. 
West Charleston. 
Perkinsville. 
Enosburg Falls. 
Lunenburg. 
Bloomfield. 
Middlebury. 
Highgate. 
Sheldon. 

• 

I • 

•• 
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TABLE 100.-Electric-power companies engaged in public service in the States in .which the superpower zone is situated-Con.' 

Vermont-Continued . 

No. 

8735 

8736 
8737 
8738 
8740 
8741 
8742 
8743 
8744 
8745 
8746 
8747 
8748 
8749 
8750 
8751 
8752 

8752-1 
8753 
8754 
8755 
8756 

8758 
8762 
8763 
8764 
8765 

8765-1 
8766 
8767 
8768 
8769 
9771 

8712 

8774 

8774-1 
8775 
8777 
8778 

8780 

8781 

.. 

Operating company. 

Montpelier & Barre Light & Power Qo.: 
A ......................................................... . 
B ......................................................... . 
c ........................................................ . 
D ......................................................... . 
E .............................. -...................... : ..... . 
F ........................................................ . 
G ......................................................... . 

Mo\mt Mansfield Electric Railroad Co ........................... . 
Municipal electric plant ........................................ . 

..... do ............. ' .......................................... . 

..... do .................. · ...................................... . 

... .. do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 

..... do ....................................................... . 
...... do ....................................................... . 
..... do ....................................................... . 
·Nelson & Hall Co~: 

A ................................................ · ......... . 
B ................. · ........................................ . 

New England Power Co ....................................... . 
Newport Electric Light Co ..................................... . 
Pittsford Power Co ............................................. . 
Powers Electric Co ...... ~ ................................ ~ .... . 

Station. 

Berlin. 
Middlesex. 
Moretown. 
Montpelier. 
Moretown. 
North Duxbury. 
Montpelier. 
Stowe. 
West Charleston. 
Burlington. 
Enosburg Falls. 
Wolcott . 
Hyde·Park . 
Johnson . 
Ludlow . 
Lyndonville. 
Cadys Falls . 
Northfield. 
Orleans . 
Readsboro. 
Highgate. 
West Burke. 

Samsonville. 
Montgomery Center. 
Readsboro. 
Newport. 
Pittsford. 
Richmond. 

Public Electric Light Co.: · 
A .................. ·........................................ St. Albans . 
B ........................................................ · .. Fairfax Falls. 

Reading Light & Power Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Felch ville. 
Rochester Electric Light & Power Co ............................ Rochester. 
Royalton Power Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Royalton. 
Rutland Railway Light & Power Co ............................. Rutland. 
St. Albap.s & Swanton Traction Co .............................. St. Albans. 
Sheldon Light & Power Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sheldon Springs. 
W. J. Smith ............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sheffield. 
Springfield Electric Railway Co ................................ Springfield. 
Stamford Light, Heat & Power Co ............................... North Adams, Mass. 
Sweat-Comings Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Richford. 
Twin State Gas & Electric Co.: 

A .......................................................... . 
B ......................................................... . 
c ......................................................... . 
D ........................................................ . 
E .......... · ............................................... . 
F ........................................................ . 
G ......................................................... . 

Vermont Hydro-Electric Corporation: . 

Bennington. 
St. Johnsbury No. 1. 
St. Johnsbury No. 2. 
St. Johnsbury No. 3. 
St. Johnt~bury No. 4. 
West Dummerston .. 
St. Johnsbury No. 5. 

A.· ......................................................... · Cavendish. 
B ................ :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~1endon. 

Vermont Marble Co.: 
A ............. .-............................... · ............ . 
B .......................................................... . 
c ............................................ · ........... .' .. 
D ............................ .' ............................ . 
E .......................................................... . 
F ........................................................ . 

Vermont & Quebec Power Corporation .......................... . 
Vermont Soapstone Co .......... · .............................. . 
Wilmington Electric Light Co .................................. . 
Windsor Ele~tric Light Co.: 

Beldens. 
Center Rutland. 
Florence. 
Huntington Falls. 
Proctor. 
West Rutland. 
Stevens Mill. 
Perkinsville. 
Wilmington. 

A.......................................................... \~Vindsor No. 1. 
B . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . \Vindsor No. 2. 

Woodbury Granite Co.: 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . l\1ackville. 
B ................... · ..................................... · Do. 

Woodstock Electric Co... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Taftsville. 
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Virginia. 

No. Operating company. Station. 

8800 
8801 
8802 
8803 

Abingdon Utilities Co .. ·.: ...................................... Abingdon. 
Alexandria County Lighting Co ................. ~. . . . . . . . . . . . . . . Alexandria. 
Altavista Light & Power Corporation •.......................... · Altavista. 

8804 
8806 
8807 
8808 
8809 
8810 
8812 
8813 
8814 
8815 
8816 
8817 
,8818 

8819 
8820 
8822 
8825 
8826 
8827 
8828 

8829 
8830 
8831 

Appalachian Pow:~r Co.: 
. A .......... :~~~ .. · ........................................ . 

B .......... ~--·.' ................................ -........ . 
c ......... · .......................... ~ ........ · ........... . 
D ............. ~ ............... · ............... ··············· 

Arlington Electric Co., •............... ~ ...................... . 
Bloxom Electric Light Co . · ................................... . 
Shenandoah Traction Co ... :. ................................... . 
Braddock Light & Power Co ................................... -
Charlottesville & Albemarle.·.· ................................ . 
Chatham Light & Power Co ................................... . 
Nottoway Light & Power Co ................................... . 
Culpeper Light & Ice Co ..................................... . 
Damascus Light & Power Co.:. ................................. . 
Danville Traction & Power Co •........................... ~ ... . 
Delmarvia Light, Heat & Refining Corporation ................. . 
Electric Light & Power Co ..................................... . 
Electric Transmission Company of Virginia: 

A ............... · .. :. ..................................... . 
B .................................. ---~- .. ····· ......... . 

Emporia Hydro-Electric Power Corporation ..................... . 
Ex'more Light & Power Co .................................... . 
Grundy Light & Power Co ..................................... . 
J. H. & C. T. Hopkins.: ...................................... . 
Halifax Hydro-Electric Co .................................... . 
Independence Electric & Milling Co ........................... . 
Leesburg Electric Co.: 

A ...............•........................................ 
B ....................................................... . 

Light & Power Co. of Rockymount ............................ . 
London Light & Power Co .................................... . 
Lynchburg Traction & Light Co.: 

A.······················································· 
B ........... ~ ........................................... . 

8832 J. D. Manor & Co ................... , ........................ . 
8833 Monterey Garage. & Light Co· .................................. . 
8834 Municipal electric plant ............................ - ......... . 
8835 ..... do ....................................................... . 
8837 ..... do ...................................................... · .. 
8838 ••... do ........................................ ~ .............. . 

8838-1 ..... do ....................... ~ ............................... . 
8839 .•.... do ....................................................... . 
8840 .•... do .. : .................................................... . 
8842 .. _ ... do ........ , .............................................. . 
8843 ___ .. do .......... ~ .................. : ......................... . 
8844 ..... do .............. · ......................................... . 
8845 ..... do ........................................................ . 
8846 ..... do ........................................... ~ ........... . 
8847 ..... do ................................ · ................. :.· ..... . 
8848 ..... do ....................................................... . 
8849 ..... do ......................... · ....... · ....................... . 
8850 ..... do ....................................................... . 
8851 ..... do ................. · ...................................... . 
8852 Giles Power Co ............................ - ... - ... - ... - . - . - .. 
8853 New York, Philadelphia & Norfolk Railroad .................... . 
8854 Newport News & Hampton Railway, Gas & Electric Co ......... . 
8857 Norfolk Southern Railroad Co ................................. . 
8858 North River Electric Co ...................................... . 
8812 Nottoway Light & Power Co ................................... . 
8860 Old Dominion Power Co ...................................... . 
8861 Onancock Light & Power Co ................................... . 
8862 Orange Light Oo ............................................. -
8863 Peninsula Light & Power Co ................................... . 
8865 Peoples Light, Heat & Power Corporation ....................... . 
'8866 Petersburg, Hopewell & City Point Railway Co .................. . 
8867 Prince George Electric Light & Power Co ....................... . 
8868 Radford Water Power Co .•.••.•...•.•.......................... 

No.2, Byllesby. 
No, 4, Byllesby. 
Glen Lyn.· 
Clinchfield. 
Alexandria. · 
Bloxom. 
Staunton. 
Roslyn. 
Charlottesville. 
Chatham. 
Crewe. 
Culpeper. 
Damascus. 
Danville. 
Chincoteague Island. 
Remington. 

Big Stone Gap •. 
Pocket. 
Empoda. 
Exmore. 
Grundy. 
Parksley. 
Houston. 
Independence. 

Steam. 
Goose Creek. 
Rockymount. 
Purcell ville. 

Reusen. 
Blackwater. 
New Market. 
Monterey. 
Basic. 
Bedford. 
Chase City. 
Danville. 
Dayton. 
Farmville. 
Franklin. 
Riverton. 
Gordonsville. 
Harrison burg. · 
Lawrenceville. 
Manassas. 
Martinsville. 
Richmond. 
Salem. 
Shenandoah. 
Staunton. 
Narrows. 
Cape Charles. 
Hampton. 
Bayville. 
Bridgewater. 
Crewe. 
Dorchester. 
Onancock. 
Orange. 
Tasley. 
West Point. 
Petersburg. 
Hopewell. 
Radford. 

• 

•• 

• 

•• 
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No. 

8869 

8871 
8871-1 

8872 
8876 
8877 

8880 
8881 
8807 
8882 
8883 
8884 
8885 
8886 
8887 
8889 
8890 

8890-1 
8891· 
8892 

8898 
8899 

S899-l 

8899-2 
8899-3 

Virginia-Continued. 

Operating company. Station. 

Rappahannock Electric Light & Power Co.: 
A ................................ ! . . . . . . . . . .. . .. . .. . . . . . . Steam, Fredericksburg. 
B .................................... : ......... ·. . . . . . . . . . Hydroelectric, Fredericksburg. 

Municipal electric plant ............ · ... ~..... .. .. .. .. .. .. .. . .. . Richland. 
Richmond-Ashland Railway Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Richmond. 
Richmond & Chesapeake Bay Railway Co ...................... · Do. 
Riverside Light & Power Co .................................... Waynesboro. 
Roanoke Railway & Electric Co.: 

A ......... • ...................... : . . . . . . . . . . . . . . . . . . . . . . . . Niagara. 
B ........................................ -........... _ . _ . . Roanoke. 

Rural Retreat Power Co: .................... ~ .................. Rural Retreat. 
Shenandoah River Light & Power Corporation ............... _ ... Luray. 
Shenandoah Traction Co........................................ Staunton. 
Smithfield Light & Power Co................................... Smithfield. 
South Boston Power Co ........................... _ ............. South Boston. 
South Hill Manufacturing Co. . . .. .. .. . . .. .. .. .. .. .. .. .. . .. . . . . South Hill. 
Spottsylvania Power Co ....... · ....................... _ ..... _... Fredericksburg. 
Stanley Milling Co .............................................. Stanley. 
Staunton Lighting Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Staunton. 
Tazewell Electric Light & Power Co ............................. Tazewell. 
'l'azewell Street Railway Co .................................... · Do. 
Victori~ ~ce, Light & Power Co ................................. Victoria. 
Valley .L1ght & Power Co...................................... ·woodstock. 
Virginia Alberene Corporation: ' 

A· ....................................................... . 
B ....................................................... . 
C ......................... · .............................. . 

Warrenton Electric Light & Power Co ......................... . 
Washington & Old Dominion Railroad Co ....................... . 
Weyers Cave Light & Power Co.: 

A .................................................... : ... . 
B ....................................................... . 

Woodstock Electric Light & Power Co ......................... . 
Waverly Light & Power Co ................................... . 

No. 1, Schuyler. 
No. 2, Schuyler. 
No. 3, Schuyler. 
Warrenton. 
Rosslyn. 

Rockland. 
Grottoes. 
Woodstock. 
Waverly. 
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