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FOREWORD.

By Grorge Oris 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 Secretary invited conference and advice, for
he at once 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 industries 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 & 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
a,ccompamed 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 Instltute of Technology, and M. O. Lelghton were the other
members.

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

For the survey of 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 bedeposited in the Treasury and credited to the appropriation herein made and be available for expendlture

for the purposes thereof.
: -9



10 FOREWORD.

The work was promptly organized, and a strong engineering staff was selected by Mr.
Murray, who had been appointed by the Secretary of the Interior as 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 and 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 1nd1-
viduals representing utilities and industries in the zone.

The ad\nsory board, under the leadership of Prof. Breckenrldge was kept fully informed
of each step in the engineering study of the problem, and the active interest of many of the
members led 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 a group of workers has
thoroughly coordinated its endeavors. In the appendixes to the report the responsibility of
authorshlp has been indicated so far as possible, but the credlt 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 1tself creditable to all connected with thJs special study

JUNE 30, 1921



A SUPERPOWER SYSTEM FOR THE REGION BETWEEN
BOSTON AND WASHINGTON.

By W. S. Murray and others.

SUMMARY REPORT.

By W. S. MurrAY.

INTRODUCTION.

On first presenting the subject considered in this report to the late Secretary of the Interior,
the Hon. Franklin K. Lane, I used the word “superpower” to describe a system that would
furnish power to the rsuh'oads 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
more superpower companies.

My association with the power busmess 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 restnctlve
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 may not only remove 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 rallroads to handle the increased
tonnage 1ncldent 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 may not belost 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 Iingland 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 whether 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 pr0]ect serving the superpower zone.
11



12 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON,

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
expendijture 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 manufacturma establishments 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 necessary 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 electrified, 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 in this report means cost at the busses of the electric utilities and
must not be confused with the cost to the ultimate consumer, 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 under the superpower

system may be estimated as follows:
: Short tons.

Electric utilities...........coooviiinaii oo e e e e 19, 149, 000
Heavy-traction railroads............ e et e ieaaetiaaaeettete e aaaaaaan 10, 210, 000
Manufacturing industries.......... ... ... ...l e 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 extensions; and (2) on the future demand 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 plants that are under consideration
and others that are under construction will be when completed as efficient as the proposed base-
load steam-electric plants 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 chronologic sequence the order of
procedure outlined on page 13.
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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 remamder to the Metropol—
itan d1v1s1on particularly New Jersey.

. The construction of a steam-electric plant near Sunbury, Pa., 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 construction of hydroelectmc plants on Delaware and Susquehanna rivers to sup-
plement the steam plzmts indicated in paragraphs 1 and 2.

4. The progressive development of the Hudson River projects to meet the growth of energy
requirement 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 require
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 SUPERPOWER SYSTEM.

The territory 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 populatlon 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 zone has relatively small 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. _

Fmtuna.tcly 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 Appalachian 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 within 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. (FFor the assignment of these voltages see Appendix E.)

Plates IT 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 year 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



‘14 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON.

been supplied economically would have been 20, and this number as'the maps show, will increase
to 34 in 1930. :

Under the present independent operatlon 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 558 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 Whlch 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
electric-utility capacity will predominate Indeed, in 1930, as much as 31 per cent of the total
superpower capacity will be contained in plants belonglng ‘to the p1 esent 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 utilities, 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 1n01dent 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 electrlc-utlhty plants and dlstrlbuted by transmission or dlstrlbu-
tion systems to the consumers, as it is to-day. :

Under the heading “Summary of conclusions” it was stated tha;t 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, but the foregoing statements should make it clear that
superpower is merely a name for the principles 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 regional 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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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 system which also offers the hlghest economy in the development of water
power, for it makes possible the use of a maximum number of 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 this is offset
by the saving in high-priced coal and the consequent reduction in operating expenses resulting
from the higher efficiency of the superpower system as compared with the present indepen-
dently operated electric utilities.

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
is affected by conditions that prevent much gain in efficiency”

It may be argued that it would be unfair to extend the 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 in 1919 of
unassociated power production are not lowered by 1930 then the full savings previously indi-
cated as possible by the superpower system 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 complete 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 the complete coordination of the existing power stations

of the electric utilities and the new stations to be constructed.
1Y

DEFIN ITIONS.

A few of the terms used in this report are defined below:

Assigned locomotives.—Locomotives actually engaged in runs between terminals or in switching operations.

Base-load plant.—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 railroads.—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
8 gystem 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 money, 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 eost.—The cost of fuel, 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-miles.—The weight of the train in tons, including the locomotive and tender, multiplied by the distance
run in miles.

Trailing ton-miles.—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 transmlssmn system, mcludmg
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 electric 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 in 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 kiléwatt hours in 1930. The figure for 1930 has been predicated upon
an annual rate of growth of 9 per cent, a safe figure, for the annual- rate of growth during the
last 10 years has been 11 per cent.

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

It is apparent that the locations for future elect;rlc—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 outskirts 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 (kilowatt-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 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 generatmg capacity required was 46 per cent
greater than the annual peak load, and the resulting annual capacity factor was 26 per cent;
under the superpower system in 1930, through joint reserve, the generating capacity requlred
will be only 9 per cent greater than the annual peak, and the annual capacity factor will be
45 per cent.

The reproduction cost for steam and hydroelectric plants under 1ndependent 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 that is applied to electric independent
operation, will be 0.99 cent per kilowatt hour, as compared with 2.12 cents.

°

Appendix C. Proposed 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
careful consideration of the savings to be effected by electrifica tion—in fuel, in maintenance
of equipment, and through economies incident to the reduction in train-miles.

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 an annual saving of $81,000,000,
or 14.2 per cent on the investment.

The response by the railroads to requests for data relatmg to their operations in 1919 has
been so generous and the compilation of these data in this appendix, with the conclusions
deduced from them, is so complete that instead of attempting to summarize the appendix I
will only refer to the more general aspects of the problem.

In the earlier 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 long 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 locomotive can not perform its work satisfactorily in the environment that
belongs to the electric locomotive. The reverse is also true—there are railroad tracks on which

63361°—21——2
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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
locomotives where they belong.

When the electrified portions of the New York Central, the New Haven, and the
Pennsylvania were first operated the railroad companies paid out their own dollars for their
motive-power 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 .
dlsagreed with him. T 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 Lllowatt-hourb 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 reheved of the cost of bulldlng
their own power stations.

A further step of fundamental importance that would lighten still more the burden of
investment cost, which at this time the railroads are so peculiarly unfitted to carry, would be
to standardize as far as possible the motive-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, as 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
railroads, not being called upon to build motive-power equipment or power stations, would
have to pay only the electrification cost incident to their contact and distribution lines, and
“the charge against their capital account would bé only 20 to 25 per cent of the amount required
20 years ago, when they were paying 100 per cent of the cost of electrification.

I hold 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 electrification one can not close his eyes to the advantages or disadvantages of
either system. Though I was instrumental in selecting and installing 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-pla,nt 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-voltage 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 of electric-utility companies the investment 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 makmfr the estimates of construction cost. This has been dons 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 recommendatlon 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 specification 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 power 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 electrlc 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
percentage 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-day 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 propulsion 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 requlrements can not p0351bly fail to induce
within the near future. No one can deny that the system in which we must live should carry
with it pere 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 from waste-
ful to productive transportation.

The normal amount demanded annually for extensions and betterments for the mllroads
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 .
machme when it is 1mpos51ble to escape the installation of the modern and efficient one?

- The higher price of coal and labor of the future compared with pre-war 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 individual locomotives noted
during the last 20 years; and the present hauling of trains weighing two to three times as much
as those of the recent past are plain indications that in the near futurelarge, sums of money.
must be expended for motive power. : .

The well-known characteristics of electric locomotlves, whose capamty and speed are not.
limited by rail and bridge strength and tunnel clearance, make electrification the true system-
into which we must promptly grow or pay the price for delay. This aspect is one entirély'
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 & 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 agamst the rates that would have been requlred 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 institutions. 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 wouldnot have permitted its independ-
ent compilation. This information is presented in the tables of the appendix variously—by
character of power 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 who 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 from coal that would
have been burned anyway for heat and in industrial processes. The saving determined is that
made on coal burned 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 consultatlon with many authorities
a separation has been made..

In general it has been found that industrial establishments which require 500 horsepower
or less can economically purchase energy. Only those that need more than 500 horsepower 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 saving 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 equlpment necessary to utilize the power.

Such a result will not of course be:éffected by any mysterious magical act of a superpower
system. Indeed, many of the electri¢ 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 required 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 I 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 comparlson 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.
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" The frequency selected for the superpower system is 60 cycles. At the New York, Balti-
more, and Washington 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 practica,l importance, except the diversity existing between the Anthracite, Metropolitan,
and Southern divisions, which will become very marked with the growth of t,hc Anthmmte
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 in 1910 to 39 per cent in 1919. In some of the geographic divisions, such as
the Metropolitan, the increase in load factor has been very slight; in others it has been large—
for example, in the Southern division the load factor has mcreased 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 hydroelectnc 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 size 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 economy
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 electric 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 $196
per kilowatt for independent operation and only $136 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 $693,218,000, thus making it necessary to raise $90,600,000 annually for the first five
years 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 years. 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. Accordingly the con-
struction of the superpower system will involve a saving in investment cost of $163,000,000
during the next 10 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 approxunat.ely $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 water 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
prime 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 load growth in the Eastern New England Western New England, and Mohawk— '

-Hudson divisions: should be sufficient to absorb the total awailable 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 used in determining the effect of this

arrangement on the ‘cost of power to the divisions of the superpower zone that would be so

‘supplied. : ,

The total: annual cost for power dehvered in-1932 to. the load centers of the Eastern New
‘England, Western New England, and Mohawk-Hudson divisions, if 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 total 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 is used, will be $107,651,000. If the growth in energy required between 1930 and 1932
were supplied from new steam-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 Metropohtan division as suggested would save
* 1,204,000 tons of coal annually.
~ The new power-plant capacity requ1red in the superpower zone would be 3,098,000 kilo-
watts in 1925 and 4,980,000 kilowatts in -1930.

In Table .76 is shown 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 and steam plants. The
true comparison in productlon costs between the superpower system as of 1930 and independent
operation for 1919 is 9.3 mills per kilowatt-hour as against 19.3 mills per 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 mdependent operatlon as of 1919, exclusive
of fixed charges, would be practically the same. This, in my opinion, is the fundamenta,l
- reason why the expansion of electric utilities should follow ‘the superpower plan.

' Appendix F. Steam-electmc plants for the superpower system.

Appendlx F shows the capacity of the existing plants of the electric utilities to be retained.
-in the superpower system and their location by geographic divisions. The total capacity

retained is 2,677,000 kilowatts, which represents 79 per cent of the effective capacity of the
stea,m-electrlc 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 steam plants shows that these
should average about 2.15 pounds of coal per kllowatt-hour, as agamst 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 kllowatts and the reproductlon cost
as of 1919 is $124 per kilowatt, as against $109.50 for new steam plants as of 1930. After
consultation with many representatlves of manufacturers in all parts of the country and with
designing and operating engineers, the following operating characteristics for base-load steam
plants were determined:

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 authori-
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 full 10 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 capamty factor of about 62 per cént with a fuel rate of 1.43
pounds of coal per kilowatt-hour.

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-
kilowatt 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 loca,ted as to obtain the fullest advan-
tage of low freight rates, easy coal-delivery routes, and ample condensing water. Fourteen
new steam-electric plants, aggregatlng 2,520,000 kilowatts, will be requu‘ed 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 per cent of all the present steam-electric generating capacity in service
for the utilities, and that for 1930 to 98 per cent.

In the Anthracite division base-load steam-electric plants, using buckwheat’ No. 8 coal,
can be operated most advantageously because of the combined use 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 transmlssmn for the part
of the power that is sent to the tidewater region.

‘There are three steam-electric power-station sites in the Anthracite reglon—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 condensmg water is available to permit the develop-
ment of 300,000 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-
opment of water power, however, the hydroelectric energy available within the superpower
zone will amount to less than 21 per cent of the total electric power required in 1930.
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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 principal 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: '

Output Production

: Capacity (millions of cost. (mills
River. (k:i.lc?watts). kilowatt- | 1Bvestment. per (kil&
. hours). watt-hour).

Potomac. ... i 200, 000 © 950 | $22, 000,000 3.36
Susquehanna. .. ... it 185, 000 1,230 28, 000, 000 3.22
Delaware. .o enne it et eeaeeaaaaaas 350, 000 1, 250 51, 500, 000 5.95
Hudson. ..o i 150, 000 900 38, 350, 000 5.84
Connecticut. ...l e 165, 000 760 | - 29,000.000 5.45

It is proposed to develop these rivers above their prlmary 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 construction 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 horsepower, ready for transmission at those points at potentials of
not less than 220,000 volts, can be placed at Utica and Schenectady, N. Y., and at Northampton,
Mass., for 4.6 mills per leowatt-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 reproductlon cost of the 451,500 kilowatts of existing hydroelectric- capacity within
the zone is $87,127,000. The new hydroelectnc capacity which should be installed by 1930
will bring the total capacity up to 1,501,500 kilowatts, of which the old plants will represent
30 per cent. In 1930 the total hydroelectnc 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 the 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 of 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 transmission systems, and they will of necessity require expansion to distribute
the additional power delivered to them from the superpower system. The transmission features
of the superpower system will therefore have to do only with the transmission of power from
the new plants to load centers 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 developments 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
IT 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 relation 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 steam-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 XK. 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 placg 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 sufﬁcwntly high prlce processing of fuel may
be economical.

The greatest promise regardlng process fuel lies in the direction of devising plants that Wlll
convert raw fuel entirely into gas for consumption under the boilers at steam-electric stations
and thus eliminate the enormous concentration of coke. Such 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 perm_lt 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,and
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 claims, stationery, printing,
etc. Amortization, taxes, and insurance have been included under ““fixed charges’ rather than
in this item. -

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 increase for revenue less than $3,000,000.



APPENDIX A.
ORGANIZATION.

By W. S. MurraY.

. In planning this investigation and effecting its orga,mzatlon it was clear th&t 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 transmission, 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 the United States Bureau of Mines, were detailed for
advisory service on the engineering staff. Mr. Grover, 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 process fuels.

That the work in all departments might be completely coordinated a prmapal assistant,
charged with the assembling of all data and the preliminary preparation of the text of the report,
was imperatively needed, and for this responsible duty Mr. Henry Flood, jr., was appointed,
with the title of englneer-seoretary The duty of the engineer-secretary mcluded the checking
and coordination of the information collected for the several appendixes, and the speed of its
collection or compilation for any ‘particular 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, consisting of the following members:

Lester P. Breckenridge (chairman), professor of mechanical engineering, Yale University, New Haven, Conn.;
representing fuel engineering.

‘Magnus W. Alexander, managing director, National Industrial Conference Board, Boston, Mass.; representing
National Industrial 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 Illulmna.tmg Co. of Boston, Boston, Mass.; representing
National Electric nght 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 a.ppomted 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. L1tt1e, Inc., Cambridge, Mass.; representing electro-chemical and
by-products industries.

James H. McGraw, president McGraw-Hill Co., Inc., New York City; representing the technical press.

John H. Pardee, president J. G. White Management Corporatlon New York City; representmg American
Electric Railway Association.

Henry C. Perkins, mining engineer, Washington, D. C.; replesentmg the mining industry.

Matthew S. Sloan, president Brooklyn Edison Co. Brooldyn 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, who 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 englneermg staff, for all the members of which I speak, are especmlly grateful to the
experts mentioned in the following list. To them apparently came the sense of responsibility
of contributing their experience ‘to the fullest where 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, Turners Falls Power Co., Greenfield, Mass.

John B. Leeper, American Bridge Co Pittsburgh, Pa.

P. M. Lincoln, Lincoln Electric Co., Cleveland, Ohio.

William Neshit, Westinghouse Electric & Manufacturing Co., New York City.
William Barclay Parsons, consulting engineer, New York City.

Hugh Pattison, Westinghouse Llectric & Manufacturing Co., New York City.
Ernest W. Pragst, 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.

Percy H. Thomas, consulting engineer, New York City.

Theodore Varney, 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. O. Austin, Ohio Insulator Co., Barberton, Ohio.

H. A. Barre, Southern California Edison Co., Los Angeles, Calif.

F. G. Baum, consulting engineer, San Franc1sco, Calif.

H. M. Beugler, operating manager, Central Hudeon Gas & Electric Co Poughkeepsie, N. Y.

E. H. Beugler, vice president, Foundation Co., New York City,

Francis Blossom, 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, Vielé, Blackwell & Buck, New York City.

Charles I. Burkholder, general manager, Southern Power Co., Charlotte, N. C.

N. A. Carle, chief engineer, Punlic Service Electric Co., Newark, N. J.

Charles W. E. Clark, chief mechanical engineer, Dwight P. Robinson Co., New York City.

C. 8. Cock, 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, Consolidated 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. 8. Freeman, superintendent of power, Boston Elevated Railway Co., Boston, Mags.

E. U. Gibbs, 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, Calif.

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, Johnstown, 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 & Engmeenng Co., Philadelphia, Pa,

J. W. Parker, agsistant 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. Seott, 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, Wasmngton 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.

J. F. Wesgel, 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 County, Pa.

W. F. James, Westinghouse Electric & Manufacturing Co., Philadelphia, Pa.

W. MacDonald, Swift & Co., Chlcago 111 .

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. 8. 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. White, engineer of construction, American Locomotive Co., Schenectady,-N Y.
William Wilcox, Whitlock Coil Pipe Co., Boston, Mass.

R. K. Wright, electrical engineer, Baldwm Locomotive Works, Phlladelphla., 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 engineer, Clearfield, Pa.

A. H. Horton, United States Geological Survey, Washington, D. C

Rudolph Kudlich, Bureau of Mines, Washington, D. C.

C. E. Lesher, edltOI‘ 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.
B. W. Parker, Anthracite Bureau of Information, Phxladelphm, 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., Philadelphia, Pa.

J. 8. 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 Corporatlon New York City.
Samuel A. Taylor, consulting engineer, Pittsburgh, Pa.

F. G. Tryon, United States Geological Survey, Washington, D. C.

Heavy trac!wn

Prof. W. J. Cunmngha.m School of Transportation, Harvard University, Cambridge, 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 & Electnc Co., Poughkeepsie, N. Y.
AW, Burchard 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 president, Charles H. Tenney & Co., Boston, Mass.

S. Z. Mitchell, president, Electric Bond & Share Co., New York. 0
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.

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 acknowledged. The
sum of $25,000 of the Federal appropriation was expended “for a survey of power production
and distribution 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 responsibility 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 & large number of minds. The estimate of the savmg to be effected by the superpower
system in 1930 is based upon the cost of power productlon in 1919, and we have no doubt that
it can bs made. We also agree that much of this saving can be made through the natural
expansion of the electric pubhc utilities, but if these utlhtles which are the only mstrument&htles
through which maximum economy can be attained, will cooperate 100 per 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 that confronted my organization on July 1, 1920. ‘



APPENDIX B.
- ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN THE SUPERPOWER

ZONE IN 1919.

By L. E. Imray, T. B. RUTHERFORD, and others of the engineering 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 and the frequencies in use.

TaBLE 1.—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 diw;ision and load - - -
C er. .
o 25 cycles. 60 cycles. gggﬁzgg Total. 25 cycles. 60 cycles. ggléﬁzgg’ 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 1.82 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...... e 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. oo veeeeiiennann. 1.57 25.36 .14 27.07 5. 86 78.02 .37 84.25
Schenecta,dy ......... 13.10 8.50 | 87.20 108. 80 30. 92 28.02 | 294.97 353.91
14.67 . 33.86 | 87.34 135. 87 36.78 106. 04 | 295. 34 438.16
MetrI?Ipolita,n: .
ewark............. 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 1.45 21. 50 0 59.33 1.15 60. 48
0 20. 05 1.45 21. 50 0 59. 33 1.15 60. 48
Anthracite:
Allentown. .......... 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 23491 | 20.67 259. 45
Phlladelphla 107.70 241.88 | 19.25 368. 83 * 365. 31 848.32 | 66.11 1,279.74
Baltimore . e 111. 57 2.54| 17.88 131.99 669. 52 7.37 3.53 680. 42
Wa.shmgton .......... 66. 50 0 . 60 67.10 231.71 0 2.50 234.21
289. 00 324.17 | 47.52 | 660.69 | 1,278.05| 1,117.20 | 103.11 2,498. 36
Superpower zoﬁe. -. 10,301.13

1,344. 02 l 1,444. 59 l 266. 48 ‘ 3, 055.

09\

4,833.44 | 4,767.64 l 700. 05

32
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DISTRIBUTION 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 part of which will be applied to indus-
trial uses, will be 2} times that required to-day.
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F1eure 1.—Distribution of electric-utility load amoné 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 iave 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.

63361°—21-—3
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= PAST AND ESTIMATED FUTURE GROWTH OF LOAD.

Plate IV shows the growth of the electric-utility industry by geographic divisions and for the
entire superpower zone during the 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 hea,vy-tractmn railroads. The estimate of the
future growth does not include demands that may arise from the electrified heavy—tractlon
systems. L

The future rate of load growth is estimated at 8.6 per cent, compounded annua.lly This
estimate is based upon the projection of past load growths taken in combination with opinions
expressed by the operators:of | the: elect,mc-utxhty properties. The average annual growth dur-
ing the last 10 years was 9 per cent. :

. LOADS CARRIED.

Figures 2-8, which arp plotted from dats furnlshed by the electric public-utility qompames
in the superpower zone, show the typical Week—day, Saturday, and Sunday loads a,nd also the
demand for the day of peak load in 1919.

Plate V shows the relation of energy generated in kilowatt-hours to the'demand i in kllowa,tts
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 zone is produced by the last 50 per cent of thé 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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ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN 1919.
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F1GURE 2.—Typical seasonal loads of electric utilities in Eastern New England division in 1919.
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A SUPERPOWER SYSTEM FOR- THE REGION BETWEEN BOSTON AND WASHINGTON.
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FIGURE 3.—Typical seasonal loads of electric utilities in Western New England division in 1919.



ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN -1919.
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F1GURE 4.—Typical seasonal loads of electric utilities in Mohawk and Hudson divisions in 1919.
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PERCENTAGE OF TOTAL ANNUAL KILOWATT PEAK LOAD
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F1GURE 5.—T'ypical seasonal loads of electric utilities in Metropolitan division in 1919.
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ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN 1919.
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FIGURE 7.—Typical seasonal loads of electric utilities in Southern division in 1919.
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FIGURE 8.—Typical seasonal loads of electric utilities in superpower zone in 1919.



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 zone, classified into steam-
electrlc and hydroelectric and as to frequency.

TaBLE 2.—Capacity of steam-electric and hydroelectric power plants of électric utilities in the superpower zone in 1919.

; ; Hydroelectric capacity (th ds of
) Steam-electric capacity (thousands of ldlowatfjs). ydroelec ucblqagwatty; )(. ousands o: c;rggiy
Geographic division and load (thou-
center. sands of
25cycles. | 60 cycles. 832;‘;{;:‘ Total. | 26 cycles. | 60 cycles. 8&2;‘;&: Total. ng%g;)_
_ Eastern New England: :

1051703 VO 131.80 184.78 | 76.63 393. 21 0. 5.70 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..........ce..-. 10.00 76. 83 2.256 | . 89.08 8.60 | 61.58 0.41 | 70.59 | 159.67

’ 189. 65 530.45 | 95.60 815.70 8.60 | 86.91 0.49 96.00 | 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 3110 237.21
Northampton....... e 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..oooeeenaaaaeaaaa. 1.75 16. 54 0 18.29 2.54 1 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: .
ewark. ................ 38.35 204.71 16. 90 259.96 | 0 8.13 .03 8.16 268.12
New York....ooovveenn-- 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......... eeean 37.20 42.25 1.56 81. 00 0 2.51 -0 2.51 83.51
Wilkes-Barre............. 19.45 91.25 9.61 120.31 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. .. -.coeeeeeennn 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. ...... ieeeaa..] 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
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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 kilowatts, 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 generatmg 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.

oo
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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.
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TABLE 3.—Character and performance of electric-utility planté in the superpower zone in 1919

Existing generating Generator ca;l)acity (thousands of . Effective capacity (thousands of
plants. kilowatts). kilowatts).
Geographic division and load center. -
Steam- | Hydro-| Steam- Hydro- Steam- Hydro-
elec- | elec- | Total. electric electric Total. electric electric Total.
tric. tric. plants. plants. plants. plants.
- Eastern New England: :
Boston........... e 34 1 35 393. 21 5.70 398.91 321. 95 5.70 327.65
Lowell.............oooeiilt. 25 15 40 80.67 | 17.96 98. 63 75.23 | 17.96 93.19
_Providence....... ssseesesan 19 1 20 252. 74 1.75 254. 49 190. 63 1.75 192. 38
‘Worcester........ e -8 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: - R
Hartford. . ...... L, 12 6 18 54. 83 13.35 68.18 |  53.56.] 13.35 66. 91
New Haven.................. 241 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. e e i ieintiancennn.. 16 18 34 18.29 |- 24.86 43. 15 17.79 24. 86 42. 65
Schenectady.... . R T 14 27 41 39. 98 91.' 29 131. 27 1 38.10 | 91.29 129. 39
o 30 45 _ 75 58.27 | 116.15 174. 42 55. 89 | 116.15 172. 04
Metropolitan: . : |
Newark. .............. e 25 81| 33 259. 96 8.16 268.12 223. ‘71 | 8.16 231. 87
New YorK...ooooienennnnn.. 53 2 55 (1,369.86 |  .5571,370.41 | 1,119.05" .55 | 1,119. 60
78| 10| 88(1,629.82 | 8.71|1,638.53|1,342.76 | 871 | 1,35147
Hudson: . o _ ‘ A . :
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| .8.69 331_.,80
Anthracite - - . : . . L
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...... S T+ 4 27 120. 31 2.43 122. 74 107. 4Q 2.43 109. 83
40 10 50 217. 81 5. 08 222.89 196. 10 5.08 201.18
Southern: : C
Trenton.... .. ... .......... 16 1 17 23.07 | .75 23. 82 .18.05+ .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 | 451.70 | 4,451.76 | 3,380.27 | 451.50 | 3,831.77
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TaBLE 3.—Character and performance of electric-utility plants in the superpower zone in 1919—Contioued.

45

Generator reserve in [ Effective reserve G ted - tput (milli £ kil tt-| A 1effecti |
steam-electric | in steamalas. | Conernted Py tions ofkIowAE | G etor (por cont.
Geogralphéc dlv":lslon and - Potal
0ad center _Total thone " Stoam- Hvd Steam. | Eydro-
i (t];?‘ﬁ?;‘_ds cfg{ sa(m(;)suof cgglt-. * electric elgctllzloé Total. eloctric S | Total.
. watte). w);itlg)‘ plants. . plants. . plants. plants.
Eastern New England: :
10T:170) ¢ 136. 41 53.1| 65.15| 25.4 759. 16- 13.52 772.68 1 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 |1 26.7 | 32.6 | 26.7
Worcester.............. 30.35 | 517 5.65| 9.6 131.11 220. 82 351.93 | 23.3 35 71 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 | 11.4 115. 22 52.33 167.55 | 24.5 | 44.7 28.6
New Haven............ 70. 80 52.3 | 39.32(29.0 379. 568, 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 27.2 618. 54 -303. 45 921.99 | 221 [ 3L.1| 24.5
Moha,wk C - .
B U1 1 e 2.18 13.5 1.68 | 10.4 17.42 66. 83 84.25 [ 11.2 1 30.6 [ 22.6
Schenectady... 18. 83 89.1| 16.95 ) 80.2 30.33 | - 323.58 353.91| 9.140.5| 31.1
21.01 ; 56.51{ 18.63 1 50.0 47.75 390. 41 438.16 | 9.7 (38.3 | 29.1
Metropolitan: ; ' R :
ewark............... ©162.02 1 73.3 | 15.77 7.5  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 1.35|3,135.50 | 32.1 | 28.0 | 32.1
‘ 405.08 1 33.11118.02| 9.6 3,841.97 24.70 | 3,866.67 | 32.6 | 32.3 | 32.6
Hudson: | :
Poughkeepsie. ........ 10.28 | 62.0] 6.56 _ 39.7 37.68 22. 80 60.48 | 18.6 | 30.0 | 21.6
' .10.281  62.0 , 6.56 | 39.7 37. 68' 22. 80 60.48 | 18.6 | 30.0 | 21.6
Anthracite: | ' i
Pottsville............. 1. 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 1 62.4 | 48.5
‘Wilkes-Barre........... 18.40 18.0 549 | 5.4 365. 69 3.47 369.16 | 38.8 | 16.3 | 38.4
21. 83 1L1]| 549 2.8 725. 84 17.22 | 743.06 | 42.2 | 38.6 | 42.2
Southern: . : C
Trenton............... 7.74 [+ 50.5 2.62|17.1 (.. 41.87 2. 67 44.54 | 26.4 | 40.6 | 27.1
Harrisburg............ 16. 33 27.6 5.86 | 9.9 175. 65 83. 80 259.45 1 30.7 | 57.3 | 36.1
Philadelphia.......... 81.48 20. 4 22:8 " 6.7 1,259.10 20.64 1 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 1 33.19 | 50.0 234 21 .00 234.21 | 26.9 .0} 26.9
245. 24 { 38.5 l 153.84 | 24.2 | 1,886.20 | 612.07 | 2,498.36 | 27.2 | 66.2 | 317
Superpower zone..... 1, 110. 49 '38.4 ’ 490.50 | 17.0 ) 8,637.94 | 1,663.19 {10,301.13 | 29.1 | 42.2 | 30.7




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

A study of 196 steam-electric plants that use bituminous coal was made to ascertain their
performance. These plants were selected from the 400 plants in the superpower zone because
full and consistent data 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. 4
. 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 tn
1919, by size of plant.

Under | 1,000to | 2,500t0 | 5,000to | 10,000 to | 25,000 to | 50,000to | Over ’
1,000 2,500 5,000 10,000 25,000 50,000 _160,000 100,000 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 [121, 575 |230, 500 (507, 675 476, 100 {905, 400 |1, 318, 600 |3, 645, 396
Total effective capacity, g C
................... kilowatts. .| 21,530 | 54,308 (106, 200 |02, 875 |449, 597 (393, 600 {721, 000 |1, 048, 450 |3, 000, 560
Total generator reserve over

peak... ... .. ... percent..| 30.8 32.0| 361 42.0 34.2 53.8 37.7 60.5 46.5
Total effective reserve over peak,

.................... percent..| 19.8 13.21 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....... P per cent..| 2L3 24.5 27.3 24.7 28.5 32.4 38.8 37.3 34.2
Effective capacity factor, .

.................... percent..| 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 , .

stépplies per kilowatt-year of .

effective 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 quantities 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 from $2.79 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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Coal used. Heat
value
Cost s&(s;}:'fsut;f
Geographic division and load center. . $h°{,2§°“5 Pounds ) British
. ' " Thousands | kilowatt- kil per lxtxllli?;l;mi:alr
c.t?osrlllso.rt e%?:;i%fe i%ﬁ?.t i Pe; short Per year. Kilowatt-
capacity. on. hour).
Eastern New England: : t
Boston. . ... .. . . 911. 20 2. 83 2.40 | $6.50 | $5,927,507.29 33.7
Lowell ... . .t ll.: e 179. 11 2. 38 2. 49 8.75 1, 568, 282. 26 33.3
Providence. ... ... .. ... ... ... l......... 506. 06 2.66 | -2.27 7.70 3, 891, 543. 19 3L.5
~ Worcester. . .. ............oi il 182. 09 2.83 | -2.78 6. 77 1, 233, 291. 44 37.2
1,778. 46 2.73 2. 40 7.10 | 12,620, 624. 18 33.4
Western New England : o .
Hartford. .. . .. ..l . ... .. P 158.33 | + 2.96 2.75 6. 63 1,049, 624. 24 37.6
New Haven .. .. .couveeiiiieiiaaaann. . 562. 18 3.22| "2.96 | 6.47 3,633,012. 15 39.7
Northampton.............. e . 184. 77 2.03 2.99 6.73 1,241, 529. 15 40.7
: 905.28 | 2.84| 2.93| 6.54| 5092416554 39.5
Mohawk: .
LU T 54. 23 3.05 6.23 5.43 294, 400. 33 80.0
Schenectady - ccueeieemn i 85.13 2.23 5. 62 4.98 423, 693. 27 70.0
139. 36 2. 50 5.85 5.15 718, 093. 60 73.7
Metropolitan:
NewarK. .oooen et 939. 45 4.20 2.68 5. 67 5,322,720.14 | - 35.4
New York. ..ot 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: . :
Poughkeepsie........... e 65. 37 2.83 3.47 5.72 373, 078. 08 46.3
' v 65. 37 2. 83 3.47 5.72 373, 078. 08 46.3
Anthracite:
Pottsville. oo ottt 99.73 7. 55 4.73 3.32 331, 463. 33 55. 4
Allentown.......... e 580. 69 7.70 3.66°| 3.42 1, 983, 579. 13 41.2
Wilkes-Barre. . .. . ..oooviiniiiieia e 908. 64 8.45 4.96 2.79 2, 537, 057. 10 55.5
1, 589. 06 8.10 4. 38 3.05 4, 852, 099. 56 49.2
Southern: .
B =3 11 7o)« W 100. 20 5. 55 4.78 5.23 523,175. 39 63. 6
Harrisburg............... . .l 331.79 5.08 3.78 3.28 1, 088, 894. 93 41.7
Philadelphia:.......... e 1, 648. 50 3.90 2. 62 4.77 7,855, 907. 51 35.0
Baltimore. . ooee e e e 240. 54 1.30 2.74 5.10 1,227, 011. 85 37.0
Washington. . .. ... ............. e 268. 05 2. 69 2.39 5.21 1, 399, 519. 57- - 32.0
2, 589. 08 3.28 274 4.67 | 12,094, 509. 25 36.1
SUPEIPOWEr ZONE. « -« e ceeeeeennnnnnns 11,806.07 | 3.49 | 2.73| 5.35| 63,227,812 54 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.
tion cost by steam was $0.0212 per kilowatt-hour, and the average production cost by water was

$0.0094 per kilowatt-hour.

The average produc-
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TaBLE 6.—Annual production cost of electric utilities in the superpower zone, 1919.

Total annual opérati.ng expense. Fixed charges.
Stoam—eiectric plants.
QGeographic division. . . .
] Hydroelectric | Steam-electric | Hydroelectric
Maintenance, . plants. plants. plants.
Fuel. labor, and Total.
supplies. ’ g
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 8,761, 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, 3565, 638 63,687 | . 5,167,200 183, 510
Southern........................ 12,094,509 | b,421,743°| 17,516, 252 340,449 | 18,269,570 3,474, 700
Superpower zone............ 63,227,313 | 27,967,737 91, 195, 550 1,744,226 | 81,674,370 12, 686, 010
. Cost kil tt-
. General expenses. Total annual production cost. Cost pg‘;)lll‘;low“tt' O;earp.e(r:f alfective
: capacity.
Geographic division.
: - : . : Steam- Hydro- | Steam- | Hydro-
S -elect: Hydroelect, St -elect: Hydroelect) . : - ¢

l;e:;)erﬁti(.: ric yplgg t‘;" ric e‘;,’}‘mféc e ' ypfgnff: nc. gllgczfgc ;llg(;:;:;c ;llgc&{;c ;ll?ncglsc
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. .| 10, 571, 434 1, 231, 146 | 183, 441, 354 | 15, 661, 382 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 reproducing the steam-electric plants. The method used in arriving at these costs is stated
in Appendixes F and G. '

TABLE 7.—Reproduction cost for electric public-utility power plants as of 1919.

X Percentage.
T St lectri Hydroelectri Total plants i

Geographic division. e’;ﬂ’aﬁg rie yp{gnt? me Su;erpngl; zsollll]e. 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
Mohawk........ e 9,957,000 | 24,442,000 | 34, 399, 000 28.9 711
Metropolitan. .oeeen. oo 181, 899, 000 2,550,000 | 184, 449, 000, 98. 6 1.4
Hudson..............o o 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, 000 87,127,000 | 598, 277, 000 85.5 14.5




APPENDIX C.

PROPOSED ELECTRIFICATION OF HEAVY-TRACTION RAILROADS IN THE SUPER-
POWER ZONE.

By Cary T. Hurcrinsox, N. C. McPrERsON, and others of engineering stﬁﬁ'.

ADVANTAGES OF- UNIFIED OPERATION.

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 development. 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 be handled by better routing; by setting aside
certain tracks for exclusive service where lines are parallel, 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 many
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 compromises in all'itsparts. The character
and the cost of the service would not be ebsentlallv 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 maintenance would become a standardized manufac-
~ turing 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 nearly the same and would be increased at least to the 12.5 mlleb
.an hour needed to avoid the present punitive overtime payments. KEngine-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 account for this difference in cost, which could not persist under
unified control. ,

These improvements in operation can be made more readily under electric service than
under steam, for a change in the power system would bring fresh minds into the service and
would consequently 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
Baltimore & Ohio being left for future grow th. Similarly, electric operation in the vicinity of
Boston and New York would leave a margin of track capacity so great that no rmoney 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 operation of the railroadsin this territory.
The great éxpense of any large increase ift 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 facilities necessary under steam operatlon to provide for the inevitable 100 per
cent increase in traffic 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 is in productive service only 3,250 hours out of the 8,760 hours in a year, and the
average 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 ste.arn loco-
motive runs 8 hours a day; the electric locomotive 20 hours.

The fundamental reason for coordinatéd 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 irterests of the whole. :

SPECIFIC ADVANTAGES OF E_LECTRIFICATION.

In addition to the general economic advantages that would be gained by joint operation
of the rail systems 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
the New York Central and Pennsylvania terminals in New 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 meters 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 coal can be saved by the careful use of these auxiliary
devices.” Then why be skeptical of a saving of 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 more skill is required to operate them than is demanded of an ordinary chauffeur, all loco-
motives will be pooled, so that the total number required will be materially reduced.
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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 of 100 miles. An
electric passenger locomotive will run in the morning from New: York to Boston and will return
in the afternoon or at night, making a total run of 450 miles a day. A similarround trip will be
made between New York and Washington, or New York and Syracuse. The electriclocomotive
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 made. o : . . : o

The flexibility of-the electric locomotive is much greater than that of the steam locomotive.
Its capacity is determined by heating and therefore by the average work it has to do, and not by
themaximum 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 of the electric locomotive for service is at least twice as'great as that of the
steam locomotive. After a trip it can be thoroughly inspected in less than an hour, whereas
the thorough inspection of a heavy steam locomotive consumés 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 can 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. o _

" . 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 & Western 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 maintenance 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 locomotive 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 driving 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 cent
varies only a few per cent and is constant throughout-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; ax_ld 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
operating 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 éxamination of the weight on drivers of the steam locomotives now in
use. Those in freight service carry between 77 and 120 tons on drivers. Of those in passenger
service, 80 per cent carry between 64 and 80 tons on drivers; but a few very small locomotives,
probably 5 per cent of the total, are performing no materlel service. "Of the sw1t;chelb 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 electne freight loco-
motives having two articulated 2-axle trucks, each carrying two motors geared to the axle,
the mounting being essentially the same as that in & number of locomotives now in use a,t[d
similar to the usual street-car mounting. There would be two classes of locomotives of this
type—a light one carrying 80 tons on drivers and having a continuous drawbar pull of 22,000
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
number; the total load on drivers can be made equal to 80, 110, 160, 190, 220 tons or as much
more as may be désired, being limited only by the strenvth of the draft rigging. A train can
of course be double-headcd and a total tractive pull up to the maximum now in use can be
obtained, with at least double the present speed.

For passenger service a similar arrangement would be used—that is, two articulated
2-axle 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 ratio. 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 WClO'htS the light one having 60 tons on drivers, and the heavy one 90 tons. ~ These also
may be combmed hke the frelght 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 RAILRCAD INVESTIGATION.

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

For this 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 must be 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
principal items there will be some saving—an, amount hard to estimate—in the maintenance
of curved track and freight cars, as a result of better train handling, and in certain minor items.
The reduction in all t,hese 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. ,

The 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 system
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-current 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—60 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 addltlon
of the frequency-changing equipment.

In order, then, to avoid some uncertain elements in the estimates of the cost of the alter-
natingfcurrent system it has been decided to base all estimates, both of operation and of con-
struction, on the°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 failway 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 COLLECTED.

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 of 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 ask 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.

Class 1 railroads within the superpower zone.

Boston & Maine. i Erie.

Boston & Albany. : Delaware, Lackawanna & Western.
New York, New Haven & Hartford. ' | Lehigh Valley.

New York Central. v Central of New Jersey.

Delaware & Hudson. Long Island.

Ulster & Delaware. ~ . Pennsylvania.

New York, Ontario & Western. A Philadelphia & Reading.

Lehigh & New England. . . Western Maryland.

Lehigh & Hudson River. Baltimore & Ohio.
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) Form A.
DaTA SHEET FOR STEAM-OPERATED DIVISIONS.
BOUNDARY OF ZONE. C e

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° parallél; thence northeasterly to the intersection of the 43° parallel ! and
the 75° meridian; thence east io 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. ngmation of mileage of track—e. g., first, second, and other main tracks; sidings, etc., for each division.

EQUIPMENT.

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; correspondence 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, the New York
Central, and the New York, New Haven & Hartford. The questions on this form are more
general and were intended principally to elicit 4n 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.
Dara SHEET FOR ELECTRIC-OPERATED DIvIsIons.
BOUNDARY OF ZONE. =

The zone included in the superpower survey is bounded as follows: Beginning where the 39° parallel crosses Dela-
ware 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 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 electrically operated wholly or in part. (Data covering all steam operations are outlined on “ Data sheet for steam-
operated divisions.”) : : .

1 The northern boundary of the zone as finally studied is the 44th parallel.
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DESCRIPTION OF PHYSICAL PROPERTY.

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

2. A description of the system of generation) transmission, transformation, distribution, and utilization of the
electric supply, including general equipment of power 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 weight and weight on drivers.

4. Characteristic performance curves of locomotives—speed, torque, and heating.

TRAFFIC STATISTICS MONTHLY FOR 1919 AND TOTALS.

Train-miles (excluding multiple-unit cars) for freight and passenger, or for both.

Electric locomotive-miles for freight and passenger, or for both.

. Multiple-unit car mileage and train mileage.

. Statement of switching service in electric locomotive-miles, locomotive-hours, or in’such form as is a.t hand.
. Total gross ton-miles moved. ‘

© W N> o

ELECTRIC SUPPLY. -

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

11. Average da11y, monthly, and annual load factors, statmg how divisor is determmed———that is, whether hourly
peak or other.

12. Monthly peak, kilowatts.

13. Cost of electric supply in detail, if generated; or price, if purchasged.

14. Cost of handling traffic per train-mile and per ton-mile.

15. Maintenance cost of locomotives per locomotive-mile and annual totals,

16. Cost of construction and equipment, subdivided into energy supply, transmission system substations, distribu-
tion, and locomotives, with date of purchase.

17. Total cost of operation and maintenance of electric system under standard Interstate Commerce Com:mssxon
classification.

Tables 8, 9, 10, and 11 set forth these fundamental data of the roadbed, equlpment 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.

TasLeE 8.—Steam-operated tracks owned by class 1 railroads within superpower zone, 1919, in miles.

. Main track.
/ System. Y;rd(};g:ld Total.
: First. Second. Other. Total.
Boston & Maine. ......o..oooiiiiii i 1,872 620 10 2, 502 1,124 3, 626
Boston & Albany ... ..oooiie i . 393 220 110 723 419 1,142
New York, New Haven & Hartford and Central New N
England O 2,212 819 66 3,097 1,558 4, 655
New York Central @ ... .o, e 790 594 414 1,798 952 ‘2,750
Deélaware & Hudson.. .. ... ... .. ... ... ............. 377 233 56 666 337 1, 003
Ulster & Delaware. ... ... ... ... i i 022 O 129 341 - 163
New York, Ontario & Western_........................ 180 154 ... ..., 334 118 452
Lehigh & New England...... ... ... ................. 238 3 PN 242 114 356
Lehigh & Hudson River . .. .. ... SR £ 8 PPN I 75 57 132
T T 716 - 364 67| 1,146 725 1,871
Delaware, Lackawanna & Western....................... 590 357 122 1,069 705 1,774
Lehigh Valley .......................................... 673 312 129 1,114 774 1, 888
Central of New Jerse¥. .. ...ooooooi i 638 252 80 970 822 1,792
Long Islande. .. .. ... . ... .. ... .. ......... 312 102 7 421 281 702
Pennsylvania¢. .. ....... ... .. ... et 2,176 944 515 3, 635 2,473 6, 108
Philadelphia & Reading....... ... ... ...l 1, 581 627 157 2, 365 1,375 3. 740
Western Maryland ... ... ... . it 95 20 |......... 115 58 173
Baltimore & Ohio. ... ... ... ... . .. . 350 227 43 620 307 927
13,396 | 5,849 | 1,776 | 21,021 | 12,233 | 33,254

a Electrified track omitted.
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TaBLE 9.—Steam locomotives in service-on class 1 railroads within superpower zone, 1919.
System. Freight. | Passenger. | Switching. Total
Boston & Maine. ... . i 465 305 203 973
Boston & 72N 1o ¢ 147 143 61 351
New York, New Hawen & Hartford and Central New England............... 416 407 344 1,167
New York L8721 (07 R A 244 191 212 647
Delaware & FUASON ... .. ... oottt e 262 34 18 314
Ulster & Delaware. .. .......oiiiiiii i .. e 17 8 3 28
New York, Ontario & Western. ... i 771 ., 89 8 124
Lehigh & New England................. : X - 35 2 T 24 61
Lehigh & Hudson River. g ; 40| 5 3 48
Bre. il - 260 176 - 132 568
Delaware, Lackawanna & \Vcstem Lol T 812 . 128 130 570
LthghVallcy 280 85 254 619
Central of New Jersey. .. oooeuetienemaeaeaeannenanasloeliaiaiaioiaia.. 253 155 177 585
LongTsland......‘...‘............" ........... e e » 43 67 36 146
Pennsylvania.................. e e T 674 593 568 1,835
Philadelphia & Readmg ........................ i 474 242 | - 366 1, 082
Western Maryland i . L. X 46 26 21 93
Baltimore & Ohio............ P . . 106 63 141 310
, . 4,151 | 2,669 | 2 701 9, 521
Percent..................o.. e e 43.6 28.0 28.4 100
TABLE 10.—Steam trafic movement on class 1 railroads within superpower zone, 1919.
. ¢ Fi'elghlt a Pﬁssenge({ St\lwl'il;chmg
1
Systom. U (thousands o | or tamm"| of looopmoe.
ton-miles). miles). |tive-miles).
Boston & Malne. . oottt ...| 6,660,000 9, 220 4,460
BOSEON & AIDBNY . - - oot 3.266,000 | 3,640 2,330
New York, New Haven & Ha.rtford and Central New England........... P 8,183,000 | 11,250 4,900
New York Central. . ..o i i 10,914, 000 | 10,400 5, 086
Delaware & Hudson. . ......ooii i e 5, 650, 000 910 1,143
Ulster & D elaware. ...ttt ittt c et 85, 000 240 27
New York, Ontario & Western. . ... ... ... oo [ 915,000 |- 865 300
Lehigh & New England. ... i i a e aaaan 438, 000 30 540
Lehigh & Hudson River........................ e g 710, 000 125 80
) T 5,707, 000 4, 600 2, 306
Delaware, Lackawanna & Western. . . ... .. ... .. . .. ... i | 6,200,000 4,100 3, 200
Lehigh Valley. . ..o i 5,093, 000 2,170 3,480
Central of New Jersey........... e e e 4, 400, 000 3,810 3,000
Long Island. ... oo i 299, 000 2, 600 1, 200
Pennsylvania.........o.oo o . .|- 22,545,000 | 23,426 14, 024
Philadelphia & Reading........o i i e 10, 900, 000 7,550 7,763
Western gl aryland. .. ... .ol R e 235, 000 - 240 120
Baltimore & Ohio. . .. .. .. i e 3,379, 000 2,950 2,577
95, 629,000 | 88,026 56, 536
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TaBLE 11.—Coal used by steam locomotives of class 1 railroads within the ;'superyiower 20me, 1919, in short tons..

System. : Freight. Passenger. Switcher. ' Total.
Boston & Maine. . ..... e e PO, 642, 500 485, 000 193, 500 1, 321, 000
Boston & Albany. ... ..o e i, 397, 000 246, 000 83, 000 726, 000
New York, New Haven & Hartford and Central N ew England. . 800, 000 705, 000 279, 000 1, 784, 000
NeW YOrk COntral. ... .. wemmene e en e enees 724, 000 609, 500 272, 500 1, 606, 000
Delaware & Hudson.......... et e et e e, 622, 000 62, 000 81, 000 765, 000
Ulster & Delaware. ...........o.iiiiii i iieeaaannn 18, 700 14, 000 1, 300 34, 000
New York, Ontario & Western. ...........cuowooonoonioaiss 108, 300 35, 000 16, 000 159, 300
Lehigh & New England........... e et 63,100 | - 2, 800 27, 500 93 400
Lehigh & Hudson River................ 58, 000 - 7,600 5, 300 70 900
5 o - 575, 500 356, 900 161, 000 1, 093 400
Delaware, Lackawanna & Western._ .. ......................... 900, 000 300, 000 200, 000 1, 400, 000 -
Lehigh Valley. .. ..o e eaaa 676, 000 187, 000 240, 000 1, 103, 000
Central of New Jersey........ococovveen...y vt 505, 700 260, 400 195,400 961, 500
Long Island......coou oottt it aieeaaeaaann 84, 200 141, 200 48,100 | ~ 273,500
Pennsylvania. ...........oo il e 1,731,200 | 1,413,000 750, 800 3, 895, 000
Philadelphia & Reading. . . ... .. .. .. ... .il.. 1, 505, 100 495, 100 404, 500 2, 404, 700
Western Maryland. ..._............ 48, 000 16 700 9, 600 74, 300
Baltimore & Ohio.............. @t et eeeeceeecaaaaaaiaaas 312, 500 187 800 140, 000 640, 300
i 9 771,800 | 5,525,000 |. 3,108,500 | 18,405,300
Percemt. - e : 53.1 30.0 16.9 100. 0

TaABLE 12.—Summary of principal data for class 1 railroads within the superpower zone for 1919.

ROBA. - - -« oo e miles.. 13,396
Y eeens ..do..... 21,021
Yards and sidings. . . .. ... ... et eeeeeeeaeeeeeiaeiaeiiaeiaas do.... 12, 233
7. - o3 < T R do.... 33, 2564
Freight locomotives. . ...... ... ... ... ... ... N 4, 151
Passenger locomotives. . . ... ... . 2,669
Switcher 10Comotives. . . ...t ettt e 2,701
ALl J0COMOtIVES. - - .ottt ittt e et e e 9,521
Freight trailing load.......... ... .o il thousands of ton-miles.. 95, 629, 000

Passenger service........ e e e train-miles. . 88,026,000
Switcher 8erviCe. -« ..ot e locomotive-miles. . 56, 536, 000

Coal burned: . .
Freight service. . . - . ..o o i short tons.. 9,771,800
Passenger SEIVICE. . ... .ottt do.... 5,525,000
Switcher service. ... .. ... do.... 3,108,500
AL 8BIVICES. - - o oo e do. ... 18,405,300

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
electriclocomotives, 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,” M. & N. system, R. division.

Freight. Passenger. Switcher. All services.
Unitvalue.|  Total.  |Unitvalue] Total. | Unit value| Total. | Unitvalye.| Total.
1. Miles of road operated..|.......... 293 [......... b1+ 2 (R P PR 293
2. Miles of track operated..|........ . 505 [......... 505 {......... 221 |eeieianns 726
Steam. ‘
3. Average number of as-
signed locomotives....|[.......... 96 [......... 89 )......... 60 |.......... 245
4. Weight on drivers.tons..[ 100 9, 600 64| - 5,700 81 4, 860 82.3. 20, 160
5. Locomotive-miles, .
.......... thousands. .|.......... 1,728 [ ... 4,150 [.........1 1,654 [io....... 7,532
6. Trailing ton-miles.do....|f.......... 2,433,000 ... ... deeiii e e
7. Car-miles......... do.-o e e 28,130 | ..o el
8. Coal burned...... 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 |......... O (R PR N
11. Kilowatt-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
18. .Coal saved, per cent and . .
BONS. . iieeeiineaet 67 148, 000 63 142, 000 64 43, 700 65 333, 700
Unit and total cost. - '
14. Cost of coal and watere..| $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 |....cenn.n 1, 808, 000
16. Excess cost of steam..... e 375,000 |......... 295,000 [......... 94,500 |....con... 764, 500
17. Locomotive mainte- .
nance, steambd........ .63 1,087,000 | $0.366 | 1,519,000 | $0. 366 605,000 | $0.426 | 3,211,000
18. Locomotive mainte- .
nance, electric b. ..... . 0823 142, 200 . 0823 341, 500 . 0823 | 136,100 . 0823 619, 800
19a. Maintenance of distri-
bution system......... 690. 00 84,000 |......... 218, 000 {400. 00 300,000 |.......... 602, 000
19b. Substation operation
and maintenance. .. .. . 0007 51, 000 . 0007 58,100 . 0007 17, 400 .0007 | 126,600
20. Total cost, steam opera- o '
tion........ T 2,192,000 |......... 2,644,000 |......... 947,500 {.......... 5, 783, 500
21. Total cost, electric oper-
catiomo...oo 1,007,300 |......... 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
" aIncludes cost of fuel and water stations. b Includes engine-house expense.

ANALYSIS OF DATA.

The first nine items of Form C 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



60 A SUPERPOWER SYSTEM ¥FOR THE REGION BETWEEN BOSTON AND WASHINGTON.

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 difference, including for freight service the weight
of the loaded tender and the part of the weight of the steam locomotive that is not on
drivers,can be estimated separately; it is approximately 8 to 13 per cent 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 railroads 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, trallmg
’ ton-mlle, total ton-mile (including locomotlve), and car-mile for fast, slow, local and all freight
service; for express, local, and all passenger service;.and for multlple-umt service. These
figures can be used with conﬁdence for railroads operating under conditions similar to those of
the New Haven, which do not differ materially from those of a number of the other roads in
the superpower 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 alinement under examination.

TaBLE 13.—Electric eneréy used by New Haven locomotives in 1919, in kilowatt-hours of locomotive input.

) Per 1,000 ton-miles.
Per Iolcn‘i’ﬁl_om'& Per train-mile. — Per car-mile.
: Trailing. Train.
‘Freight service:
- 1 7 26.0 27.0 24.5 22.2 0.88
SlOW. e e i cee e e 34.0 42.7 24.9 23.1 .93
Local. ..o 36.1 36.5 42.5 38.2 152
AVEIage. « oottt 33.6 40.0 26. 6 24.5 .98
Passenger service )
BXPress. . ..o e - 13.7 24. 6 44.3 32.6 2. 96
Local. . ..o 17.5 26. 1 76.5 | - 51. 4 - 8.93
Average .................................. 14.7 | 25.1 51. 4 37.0 3. 21
Multiple-unit service . ... S 17. 4 62. 2 62.2 4.2
Yard switching...... .. ... .. et B G . .

Other records of electric energy for locomotive-drawn trains, both freight and passenger,
are given in Table 14. The figures for the 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. Paul 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 Pennsylvama 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.

TaBLE 14.——Electr'ic energy used for locomotive-drawn freight and passenger trains, in kilowatt-hours of substation output.

Chicago Pennsyl-
New : » | New York r
Milwauk: vania
Haven.a |g 'S:.V gsuf.% Central. Termilnal.
Freight sérvice:
er train-mile. ... ..o -7 S ) PR B
Per locomotive-mile............. ... ... ... eeeeen. e k¥ I Y N
Per thousand ton-miles (trailing)........ .. ... ... el 29 33 | et
Per thousand ton-miles (total)..........ooomiiiiiii i 27 b4 R P
Passenger service:
Per train-mile. . ... iiiiciaaaaaan 28 ..., 30 [coeeennnn
Per locomotive-mile.. ... .....oiiiiiiiii i ) [ T O P 32
Per thousand ton-miles (trailing)......... oot iiiiiiiiinina.n. 57 47 { ; gg } 55
Per thousand ton-miles (total)........... ... ... ...l 41 | E 2 2 DA [
a Energy at locomotive 1.17. b Substation input 0.83. ¢ Average. d Minimum.

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

s 03% 0.0% o
figure 13, for eastbound movement it is W — West goung"l%rg%
. . _ S . |- East boun
assumed that no power is required to descend ~ # £
the 0.6 per cent grade, but no credit is taken FiaurE 13.~Typical railroad profite.

for use of the kinetic energy accumulated at the bottom of this grade in ascending 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 rest 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 required at the rail to move a ton
over the division considered. This processis carried through for movement in both directions, and
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-
station. For divisions on which the traffic is grestly unbalanced separate estimates were made
for the eastbound and westbound movelents.

Calculations made for a number of the operating divisions within the zone that differ most
widely in grade and alinement show that the added resistance in freight service due to grade,
curvature, and acceleration ranges-from 0.5 to 10 pounds pei 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 tests 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 actual
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 locomotlve hour: :

Trailing. . ... o i iiiiiiiiiiiiiececaieesieaeans ton-miles.. 1,000

Total.......... e e e e e et iieiieeeeseea e do.... 1,400
Coal used per locomotive-hour. .. ... ... ... i iiiiiiiiiiiiiiienaa.s pounds.. 824
Mileage per locomotive-hour........... U, N 3.26
Trailing load. .. .. ... .o i eeeeaaas tons.. 306
Coal per trailing ton-mile........ ... ... .. .. pounds.. 0.824
Coal per locomotive-mile, actual.. ... ... .. .. Liiiiaaiiia. do.... 255
Coal per locomotive-mile, 6-mile basis*.... .. ... ... .. ... .. ...l PTT do.... 138
Time in motion, per movement................... . R seconds.. =~ 80
Time of stOP, PET MOVEIMEN - - - - -+« - ee ittt ettt e et caa e e eeecaaanaaen do.... 53
Total time, per movement. ............................ e eeeetiaeteaaaaans do.... 133
Length of run, per MOVEMent. . . ... ...iuin ottt it ii et e neaaanna, feet.. 640

From these data the following deductions are made: :
Average speed When MOVIDG. -« . oot ountimie e, miles per hour.. 5.45

Maximum speed (88F)--..ceevemenmnninnnnoainaiinan. et do.... 10
Energy required at rail for acceleration per movement............. {::zz_ﬁgzi: };z: :gz-mlle 22i
Energy required at rail for train resistance. ......... P do.... 18
Total energy at rail. ... o .. i iiiiiiiiieeaacaaan do.. 37
Total energy per locomotive-hour.............. e et kilowatt-] hours 52
Coal burned per kilowatt-hour of work atrail. ... ... ... . ... ... it pounds. . 16
Efficiency assumed, rail to substation................. ... ... .... P per cent. . 63
Energy required for substation input, per locomotive-hour.................. kilowatt-hours. . 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 total train weight
(including locomotive); the range from the six days’ tests was from 47.8 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. ’ o

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 10W as 30 to 50 kilowatt-hours at the

substation per locomotive-hour.
COAL SAVED.

The quantity of coal burned in a steam locomotive eqmvalent 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 & modern Mallet locomotive, with superheater, 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 equivalent 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 roads by electric operation tends to confirm
the validity of the figures taken for kilowatt-hours used (items 10 and 11, Form C); on the

A standard method of expressing switching units is at 6 miles per locomotive-hour.




ELECTRIFICATION OF HEAVY-TRACTION RAILROADS. ' 63

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-
motives. 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 substatlon
mput to rail for average load are taken as—

Per cent.
Substation InpPut. - ..o i e 100
Substation output. .. ... i 85
Distribution effiCIenCY - .« oot e 90"
Input to locomotive. .............. e e e et 76.5
Efficiency of locomotive..........ciii it et et 82.5
Output 0f 10COmMOtIVE. - . o .o i 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 taken 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 figure. 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 meéans 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 percentage of coal that would be saved under electric operation;
it does not enter into the comparative costs. L

COST OF COAL

" Item 14 covers the total esmmated cost of coal at the railroad’s fuel stations, mcludmg
freight, on home lines, plus the estimated cost of operating and maintaining the fuel and water
stations, prorated per ton to the total coal 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.- S -
. COST OF ELECTRIC ENERGY.

" It is assumed that the railroads will purchase energy delivered at high pressure at sub-
stations on or near the railroad right of way, at the flat rate of 1 cent per kilowatt-hour. 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 capamty, 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 into this item. »

Similarly, no definite ratio has 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 taken 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 C is-the cost of steam-locomotive maintenance 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 tractlon.

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
locomotives. 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.
. TaBLE 15.—Cost of maintenance of steam locomotives for 1919.

) Interstate Commerce Commission accounts.
. o . Total cost.
. Average Distance Engme-house oo
- “reight (tti]rgl‘]'g;%dds Repairs (No. 308). expense (os. 388 . Prorated o 100 ¢
 System g “ofloco , and 400). Actual. O on drivers,
g!:ons). miles), z
Per | Per 1 Per 1 Per L
‘ motive: | POTI00 | moctve | Rerloeo | motivo: | Perioer | moitver | Berloce
(cents). year. (cents). year. (cents). year. [ (cents). year.
Boston & Maine........... “80.9 | 24,592 | 25.33 |$5,562 | 8.66|$1,904 | 33.99 | $7,466 | 55.63 | $12, 263
New York, New Haven & - . -

Hartford ............... 63.9 23,0711 29.9 6,110 | 11.02 | 2,253 | 40.92 | 8,363 | 64.05 13, 210
Central New Engla.nd ..... 68. 6 1,844 | 31.23| 7,578 | 10.37 | 2,540 | 41.60 | 10,118 | 60.65 | 14,755
New:York Central......:. . 86.5 | 91,313 | 21.15 | 5,203 8.65 | 2,103 | 29.70 ; 7,306 | 34.28 8,433
Delaware & Hudson......| 89.2 | 11,015 | 32.6 | 7,319 | 12.22| 1,832 | 44.82 | 9,151 | 50.20 | 10,269
Lehlgh & New EngRa,nd. | 142 1,212 | 27.8 5,521 7.82 | 1,554 | 35.62 | 7,075 ] 48.05 9, 545
Lehigh & Hudson River.-| 76.3 767 | 27.8 4, 267 8.77 | 1,345 | 36.57 | 5,612 | 47.94 7,362 -
grlle ...... L R k e & . 90.4 26,078 | 45.6 9, 790 9.65{ 2,070 | 55.25 | 11,860 | 61.19 13,126

elaware, Lackawanna

Westerx’l ................ 7.9 1-:19;263 | 26.9 6, 836 9.45 | 2,401 | 46.35 | 9,237 | 46.62 11,855
Lehigh Valley............ 5. 6 17,883 | 40.6 7,126 8.75 1,537 | 99.35| 8,663 | 57.62 | 10,115
Central of New J ersey 72,9 12 289 | 29.2 6,210 6. 24 1,328 | 41.60 | 7,538 | 48.55 | 10,339
Pennifllva,nla, ............. : ; 112 595 | '38.6 9,216 | "6.85 1,634 | 45.45 | 10,850 | 54.60 | 12,983
Philadelphia & Reading. .| 78.3 22, 164 | 32.6 6, 853 8.93 | 1,879 31. 53 ) -48, 732 | 53.00 | 11,152

.| 80.76 364,”086' 31.8 7,246 | - 8.39 1,911 | 40.19 | 9,157 | 49.80 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.

Itis difficult to.find a satisfactory explanation of the great variations in these figures among
the different systems; the division of total costbetween 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 for these marked variations.



ELECTRIFICATION OF HEAVY-TRACTION' RAILROADS.

" TabLe 16.—Cost of maintenance of steam locomotives for 1911-1919.
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Interstate Commerce Commission accounts.

Distance Total cost.
' Engine-h
A}\Xgl:g?ﬁ;e ‘E%Kﬁif.d Repairs (No. 308). expggégz%g:s 358 Prorated £0 100 tons
" System. dr?\]'le o igg‘ngl g.t _an ). Actual. L Arivers.
t . tive-
o e | por 1geo- Per loco- | EeL10C0- | por jogq. | Perloco- i popjpq, | Perloco- | ponygaq.
mlgi;‘]l; ® | “motive- m]gﬁge- motive- m‘gtﬁge- motive- mot}ge- motive-
(cents). | YT | (cents). | YO | (cents). | ¥e8T: | (cents). | YO8
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. ... ..Lilll. 82. 24 | 108, 626 7.6 2,421 3.06 972 | 10.66 | 3,393 | 12.96 4,126
1907 .ol 83.60 | 106,403 | 10.0 3,051 -4.07) 1,241} 14.07 | 4,292 | 16.83 5,134
1918 .l 85.60 | 100,576 { 17.59 | 4,689 7.30 | 1,947 | 24.89 | 6,636 | 29.08 7,752
1919......... P 86.50 | 91, 313 21.15 | 5,195 8.54| 2,100 | 29.69 | 7,295 | 34.32 8,434
Pennsylvania: :
1911-1915............ 75.85 | 94, 142 1127 3,221 2.8 710 | 15.50 | 3,931 | 20.44 5,183
. 105 522 1 13.1 3,478 2.6 687 | 15.70 | 4,165 | 18.82 4,994
108 638 | 17.5 4,620 3.4 899 | 20.90 |- 5,519 | 23.86 6, 300
122, 965 | 32.88 | 8,960 3.7 1,784 | 36.58 | 10,744 | 40.46 | 11,885
112,595 | 38.62| 9,175 |- 6.8 1,627 | 45.42 | 10,802 | 49.91 | 11,870
Phlladel hia & Reading:
19111—)1915 ............ 62,92 | 24,631 |. 11.69 | 2,886 3.04 750 | 14.73 | 3,636 | 23.41 5,779
1916.. ... ... oo. 70.83 | 27,422 [ 12.28 | 3,397 3.19 883 | 15.47 | 4,280 | 21.84 6, 043
917.......... e 73.20 | 28,126 [ 17.85 | 4,993 414 1,156 | 21.99 | 6,149 | 30.04 8,400
1918, .ol 75. 4 27,080 | 28.17 | 7,423 7.50{ 1,975 | 85,67 | 9,398 1 47.31 | 12,464
1919. ...l 78.3 22,164 | 32.6 6, 853 893 | 1,879 | 41.53 | 8,732 | 53.04 | 11,152
New York, New Haven &
Hartford : . St
1911-1916. .. . ...... 50.7 27, 027 9.6 2,171 3.00 681 | 12.60 | 2,853 | 24.85 5,625
916, oot 55. 6 27, 495 9.98 | . 2,272 3.61 822 | 13.59 | 3,094 24.44 | .5,565
1007 ool 57.5 26,099 | 14.0 3,160 4.77 | L0798 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, ...t 63.9 23,071 29.9 |. 6,110 | 11.04 | 2,253, 40.94 | 8,363 | 64.07 |. 13,088..
Erie:
1911-1915............ 741 | "28,768 | 11.21 | 2,430 3.45 749 [ 14.66 | 3,179 | 19.78 | 4,290
1916. ..o 82.3 31,621 | 15.65 | 3,765 3.90 936 | 19.55.| 4,701 23:75 5,712
017l 87.6 29,903 [* 24.20 | 5,400 6.11| 1,360 | 30.31 | 6,760 | 34.60 7,717,
1018. ... ...l 90. 0 29,316 | 45.3 9,950 | 11.75 2 582 | '57.05 | 12,532 | 63.39 | 13,924
1919l 90. 2 26,078 | 45.6 9,790 9. 65 2 070 | 55.25 | 11,860 | 61.25 | 3,1481

MAINTENANCE 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

all 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 Welt.,ht on drivers as that of the steam locomotives of the road. .

TaBLe~17.—Cost of maintenance of direct-current electric locomom‘ves, 1919.

Cost.
) Prorated to 100 tons
Number of Aye}x;atiga Dista{lce Actual. on drivers.
Systenn. locomo | “Gifvers” | (osomotive-
: (tons). miles). Per

locomgtlve Per - 1) Pert. Per -
Total. mile | |1ocomotive-|**CTHOHVEN 1600motive-

(cents). | Year: (cents). year.
Baltimore & Ohio............. 8 88 214, 400 $24,600 | -11.47 | $3,076 | . 13.02 $3,491
Butte, Anaconda & Pacific..... 28 81 565, 600 36, 700 6.49 1,312 8.01 1,619
Chlca,go Milwaukee & St. Paul 46 225 | 2,181,200 340, 200 15. 59 7,394 6.93 3,286
Michigan Central.............. 10 108 245, 500 34, 600 14,10 3,462 13.05 '3,205
New York Qentral... ........... 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, 600 785, 800 12.10 4,009 9.77 3,238
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TaBLE 18.—Cost of maintenance of direct-current electric locomotives, 1915-1919.

. Total distance | Cost per loco-
Year. traveled motive-mile
(locomotive- ger 100 tons on

miles). rivers (cents).

BE ) S 2,422, 800 5. 83
1 3,678,200 5.42
1916, .l et et 3, 808, 800 5.44
R S 5, 662, 600 4.50
I 6.797, 000 5. 89
JO 8 e 6,431, 600 7. 66

O X R e e ettt eeeeaaaaa. 6,495, 700 9.77

" DISTRIBUTION SYSTEM.

Item 19, Form C, maintenance of the electric 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 OF SUBSTATIONS

Item 19b, Form C, cost of operation and maintenance of substatlons, 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 stations 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 electric service without
allowance 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 &
Pacific 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 time and an increase of 30 per cent in tonnage moved, together
equivalent to a decrease of 42 per cent in crew wages. On the Norfolk & Western two electric
locomotives 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 crew 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 consequenb reduction in crew wages
per ton-mile of 25 per cent.

Table 19 shows for 1919 the crew wages in freight service per thousand ton-miles for the
principal systems in the zone, the tonnage moved, and the saving due to 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 frelght traffic of the zone in 1919 would have been $9,560,000. -

For passenger service no data are at hand; a general consideration of the subject does not
indicate a material savmg 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 against 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.
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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 per 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 service.

TABLE 19.—Andysis of crew wages for freight and switcher service, 1919.

Freight service. Switcher service.
Train Saving in i
System. ‘Wages per | movement waaeglgndcr Wages per mg’g%nent wigzgrhgul&ler
thousand | (millions electric switcher- |(thousands electric
ton-miles. of 1. operanon mile. of switcher-| operation
ton-miles). | (25 per cent). miles). (33 per cent).
Boston & Maine. . ....cooioiiiii i $0. 40 6, 600 $660,000 ... ... i
Boston & Albany.......... ...l .42 3, 266 343,000 | ... e
New York, New Haven & Hartford and Central ‘

New Dngland ................................. .55 8,183 | 1,130,000 $0. 60 4,900 $980, 000
New York Central........c.ovieeiinnominnanann. .27 | 10,914 738, 000 .45 5,086 760, 000
Delaware & Hudson.... ..., .35 5, 650 495, 000 .69 1,143 265, 000
Lehigh & Hudson River ...
Brie. o .29 5,707 415, 000 ...............................
Delaware, Lackawanna & Western .81 6, 200 481 000 .58 3,200 620, 000
Lehigh Valley .................................. .50 5,093 635, 000 .57 3,480 660, 000
Central of New Jersey.....oooooooiiii it .50 4, 400 550, 000 .57 3,000 570, 000
Penngylvania..... ...l .38 | 22,545 | 2,140,000 .61 | 14,024 2, 850, 000
Philadelphia & Reading............io.oooi. .49 10,900 | 1,330,000 .68 7,763 1, 760, 000
Baltimore & Ohio................ P .42 3,380 855,000 | ... oo

......... 92,838 | 9,272,000 |.........| 42,596 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 savings shown on

Form C.

Form D.

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

Miles. Cost.
(1) Cabenary system: )
Single track........... e i 175 | $2, 013,000
b Double track. .. ... i ° 68 1,700,000
¢) Three-track...... ... ...l 9 291, 000
) Four-track ... il 42 | 1,625,000
(e) Yards and sidings. . .. ..ot 221 | 1,658,000
) N D N MY E R $7, 287,000
Capacity.
(3) Substations. . ... ... i e kilowatts. . 82,100 |........... 4,926, 000
4) Locomotlves 4 g Number.
l’relght ......................................................... 43 | 3,440,000
b) Passenger..................... e 55 | 4,576,000
€) SwitCher. i 41 | 2,657,000
(5) Total. .ot 1839 |........... 10, 673, 000
6 Sum of specified items....................o. i 22, 886, 000
Allowance for unspecified items, 10 per cent of (6)........... .. ... ... o .o oo |oaioioo. (2,288,600
Overhead, 20 per cent of (6)........ ... . . e 4,577, 200
(9) Total gross cost. ... ..o e 29, 751, 800
a . . . Total tonnage.
(10) Credit for released steam locomotives..........1.. ... ... .. cooo ... ,300 f....o...... a 6, 060, 000
(11) BT -1 M R 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 foundations 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 agireement. 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 system 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 taken 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 road.

Cost.
Size of feed
Number of tracks. ( e iar igilesl;. Catenary
structure. Feeder. Total.
L0 0 N 500,000 | $9,300 | $2,200 | $11,500
B T N 1,000,000 | 20,900 4,100 25, 000
B 1YY AN 1,250,000 | 27,000 5, 300 32,300
0 1, 500,000 | 32, 500 6,200 | 38,700
FHVe. it 1,500,000 | 38,000 6, 200 44, 200
Per tmc“k mile.
Yard tracks............. L PR $7,500 |......... . $7,500

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

Per mile of line.

Ttem. ‘Unit prices.
: Quantity. ) Cost.

Steel poles, guys, etc 7 cents per pound 30toms...........i.ln $4, 200
Concrete. .......... $20 per yard........ ...| 130 yards. .. 2, 600
Excavation........................... $2peryard.............. 500 yards..... 1,000
Contact wires...................... e 23 cents per pound. .. .. 13, 500 pounds........... 3,110
Cross span, complete $71l perspan............. 17.6speas.............. 1,250
Messenger span, complete........... ... .. ...l $55 perspan. . ......... 35.28pans. .. .......... 1, 940
Work train, Crew eXpenses. .. .........coueeinimmmneelimi e 600
Labor for erection (except bond). ... ... . e 2, 400
Bonds, labor and materil. .. .. .. ... ... e 1,400
Steel strand, §-inch........ . . i il 8centsperfoot..... .. .| .. e
Steel strand, §-inch. ... .. .. .o .o L. e 3centsperfoot... ... .. | . c.o....ooioioiiofeoiiiil
Labor: :

Foremen....... ... ... .. ...l $8.00 perday. ... oo i

LAinemen. ... ..ooeeoiuaaeceeeeneeeennnneaaa.| 86,00 perday....ooo it

Helpers. ccoooniii i $4.50 perday.. ... ... ],
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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 cent.

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

Output Total | Kilowatt-
(mill;ons sub- hours per

System. of station kilowatt
. kilowatt- | capacity of
. - hours). |[(kilowatts).| capacity.
New York Central e aaaaaas 97 | 45,000 2,150
Long Ieland..... ..., . 76 | 56,000 1,360
New Haven......coeeeeneniiinaiaenan.. -- 85 | 40,000 2,130

West Jersey & Seashore........... e ettt eaeiaeaaeaeeaaaan 24| 12,000 | 2,000
Pennsylvania (Philadelphia-Paoli line) 24 | 12,000 2,000
Chicago, Milwaukee & St. Paul: .
Rocky Mountain division. ........cceenuiiin it 66 | 29,000 2,270
B T DU 0 -1 o 1 60 [ 30,500 1,970
Pennsylvania Terminal......... O 54 | 24,000 2,250

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. Peak 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 Electri
Co. and the Westinghouse Co. » :

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

Motor-generator sets, including exciters. ... ... . .. ... . il $30
Transformers (110-kilovolt). ... .. ..o i 8
Switchboards (two 110-kilovolt incoming lines).......... ... ..o ol e 10
153G T 8
Freight and installation....... ... o i 4
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COST OF 3,000-VOLT DIRECT-CURRENT FEEDERS.

The size of the direct-current feeders-is based on a maximum 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,- 100
pounds, with 300,000 circular mil bonds; resistance per mile 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 erected.

TaBLE 24.—Capacity and cost of feeders.

Capacity Cost per

(circul armxls). mile.
Single-track. ..o 500, 000 $2, 200
S S S 1, 000, 000 4,100
Three-track......... e e i 1, 250, 000 5, 300
Four-track. . - .oooo oo ... O PR 1, 500, 000 6, 200

COST OF ELECTRIC LOCOMOTIVES.

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 45 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 drlvers of the
steam locomotives on the division.

. NUMBER OF ELECTRIC LOCOMOTIVES REQUIRED.

The electric service covered by the estimates is the power equlvalent of the present steam
service in the zone. The year 1919 is taken for comparison, as it is the latest complete calendar
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 used. The plan followed was to determine the average number of miles per
year- per electric locomotive required for freight, passenger, and switcher service. This
average mileage was determined by comparing the mileage records 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 electric 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 zone; conditions of unified operation are thus implied. ' This leads to some irregu-
larities in the proportional 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 mllea,ge to the single-track roads 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 dlﬂ’erences in traffic con-
ditions. In order to make some allowance for the light-traffic divisions the minimum 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 steam mileage for 1919 of the freight and passenger service on the prin-
cipal systems. Table 26 gives the available statistics on annual mileage of electric locomotives;
the average for freight service is approximately 40,000 miles. The only extensive system that
keeps records separately for passenger service is the New Haven, with a mileage of 73,000; this
mileage can be increased with complete electric operation. The New York Central and the
Pennsylvania Tunnel & Terminal are operating a short-haul service which gives no opportunity
to make great mileage.

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

[Based on total number of locomotives owned.]

System. ’ Freight. | Passenger.

B0 2 Y 15,200 30, 500
New York Central . . ...ttt ettt et et e aaaas 17, 300 34, 500
Delaware & Hudson. .o ..o e 20, 600 30, 500
Lehigh & Hudson River.. ... ... et i 13,400 24,100
0 T e e 18,900 30,000
Delaware, Lackawanna & Western. . . . ... . . e 22, 800 39,000
Lehigh Valley ............................................................................. 14,700 30, 500
Central of New Jersey . ... oot 16, 600 26,200
Pennsyl vania, eastern 1ines. . ... i i RPN 19, 900 42, 500
Philadelphia & Reading.... ... e e 21, 800 33, 500
Baltimore & Ohio. . ... ... .. i PP 16, 600 38,000
Average. . ...l e e et e et ivae s 18, 000 32,700

TABLE 26.—Average annual mileage of electric locomotives.

[Based on total number of locomotives owned.]

System. . Freight. | Passenger. AllL
B 0 33,500 | 73,000 55, 000
New YOrk Central. .. .. oen et it ie e e et et e it iee e aaeaeaaaa e eanaean]eananeann 34,500 34, 500
Pennsylvania (New York Terminal)....ooeen.ro i i iiiiiiiie e ceeae e 39, 300 39, 300
Norfolk & Western . ..ottt ettt a e 49,000 |......... 49,000
Butte, Anaconda & Pacific......... B e e et e e e e teieeeaeaeaaaeeaaann 43,500 |......... 43, 500
Chlcu,go Milwaukee & St Paul.........oooii e 49,000

LOCOMOTIVE-HOURS.

Records of the distribution of locomotive-hours for a number of the roads within the
superpower zone are available, particularly those of the Pennsylvama, of which eight operating
divisions are included within the zone; they reflect the entire range of service, from the heaviest
traffic on the New 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 time specified by
the United States Railroad Administration in its ‘“Operating statistics sheets.”” Item 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
termini, and time to and from engine house. From 90 to 95 per cent of this is productive
tnne—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 time. Item 3 gives 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 per cent and 71,
69, and 80 per cent give for the three services respectively the proportlon of total time in the
shops under general repairs or awaiting such repairs.
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TABLE 27.—Average distribution of locomotive-hours in 1919 on all divisions of the Pennsylvania system within the super-
power 2o0me, in per cent.

- Serviceable locomotive-hours. Total locomotive-hours.
Item.
Freight. | Passenger.| Switcher. | Freight. | Passenger.| Switcher.

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

(a) Mechanical depa.rtment. D 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. ... e e 5 2 3 4 1 2
5. Total serviceable hours... . ...... ... ... .. .......... 100 100 100 71 69 80

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 for freight, passenger, and switcher locomotives,
respectively, as compared with 47, 39, and 61 per cent for the Pennsylvania.

TaBLE 28.—Average distribution of locomotive-hours of representative ratlroads within the superpower zone, 1919.

Total Ratio of crew-hours to total
System number of serviceable hours (per cent).
4 ’ locomo-
tives. Freight. . | Passenger. | Switcher.

PennSYIVADIA. « . oottt e e 1, 800 47 39 61
Philadelphia & Reading....... ... .. ... . . il 1,000 49 34 52
Central of New Jersey...... ... ittt i 600 - 39 40 54
Delaware, Lackawanna & Western . 750 39 28 51
0 o T 3OS 1,450 | - 32 25 43
New York Central..... et et ettt eiitaee e, 3, 500 33 29 53
Lehigh Valley.......... e e e i 1,000 27 25 38
Delaware & Hudson............ e eeeeeeaaaean e et eeteieeeaeaaaeaas 500 33 . 24 49
Total or weighted average. ........ ... ... ... ... ii.... 10, 600 37 30 50
Equivalent number of crew-hours per year............. e ceveallll] 8,250 2, 630 4, 380

A direct comparison of time is afforded by the New Haven system. Table 29 sets forth
the ﬁgurns 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. . .o 43 27 45 29 67 48
ADPTile e 50 26 45 28 68 47
September..... ... 63 40 47 29 81 54
October.............. e et 62 39 50 28 81 56
November....... S e . 49 39 42 27 87 - 53
Average. ..o . 54 34 46 28 77 52

Ratio of number of serviceable electric locomotlves required to do the same work:
Freight, 34-+-54=063 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 the Norfolk & 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 service does as much work as is done in the rest of the zone by

2.65 steam locomotives.
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TaBLE 30.—Distribution of electric locomotive-hours in freight service on Norfolk & Western Railway, in per cent.

In road SErVICe. .. o. i i et 74.0
Terminal delay in hands of crew...... ... . . e 2.3
Engine house:
Inspection and repairs (motive-power department)...................ooiiiiiii 14.8
Waiting (transportation department)............c.eeeeseeeenaeeraraeuaneuaennn.. 8.9 3
— 23.7
Total serviceable HOUTS. . ..... .ttt ce et e asmsessisnaanas 100
Recapitulation by departments: .
Transportation. ...... ... ..l e 85.2
BT I 1o 14.8

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 electric 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 locomotive 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 multiple-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 uniform 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 Schenectady give higher ratios. :

Item 2a, Table 31, showing time in engihe house for repairs, etc., is taken at about one-
third of the steam time. For 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 fow, 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 is pretty well established at about 90 per cent. With these

" assumptions, all of which tend to minimize the savings of unified electric operation, 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. —Est'mwtcd distribution of electric locomotwe-hours, i percentages of time required for steam operation of the
Pennsylvania system.

Freight. Passenger. Switcher.
Item. - :
Steam. Electric. Steam. Electric. Steam. Electric,
Crew-hours. .. ....oooiiiii ittt ciaiaaanann 47 36 39 35 61 41
Engine house:
a. Mechanical department.......................... 31 10’ 37 12 18 6
b. Transportation........... eeeereeeeaeaeaeaeaaaa. 17 13 22 18 18 12
Total engine house (2a+2b)............... .. ... 438 23 59 30 36 18
Stored. coon i 5 2. 2 1 3 1
Total serviceable hours...... . ... ... . ... 100 61 100 66 100 60
Ratio of serviceable to total hours....................... 71| 90 69 |- 90 80 90
Total hours of assigned locomotives.................. ... 141 68 144 74 125 67

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.
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Table 32, taken from Table 31, sums up the estimated schedule for electric operation. 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.—Dustribution of electmc locomotive hours..

i Item. Freight. | Passenger.| Switcher.
(07 =320 1 o Vb - T 59 53 76
Engine house: . :
(a) Mechanical department. . .........oooooi it i 17 18 11
(b) Transportation department.......... .. ... .. .. . liiiiiiiiiiiiiiiiiiao.. 21 27 11
Total engine house. - . ... ..o i e 38 45 22
Stored. ..ot i e 3 2 2
" Total serviceable hOUIS. ... .o ii il 100 100 100
N

From a direct comparison of the mileage of Tables 25 and 26 and the above analysis of
locomotive-houtrs 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 work. 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. : T ‘

"TaBLE 33.—Cost of items of construction and equipment involved in the electrification of Chicago terminals, excluswe of
. power station and transmisston system. ]

2,400-volt direct-current. 11,000-volt ?é'lzlctmating-cur-
Item. !
Total. Per cent. Total. Percent.
SUDSEALIONS . -« -« oo e e et e e $5, 660, 000 4.0 $2, 025 000 1.5
Switching stations. . . ... ... ... ..o i 1, 522, 000 1.1 573, 000 .4
Overhead contact system......................................... .33, 895, 000 23.8 | 28,142, 000 20.3
Bridge warnings........ .. ...l J 1,072,000 (......... 1,072,000 |.........
Return circuit. .. ... ... .. weeio--.| 6,070,000 4.3 4, 446, 000 3.2
Prevention of inductive effects and electrolysis. . ... ... ... .. oeeooi i aeiia.. 997,000 |.........
. Telephone 8Ystem. . .. o.eiit ittt ceieeaaaaaanns . 272,000 |......... 272,000 {.........
Electric locomotives, multiple-unit equipment, work and inspection
EQUIPIENT . e e aeeiaaceaiieaaaa 84, 004, 000 59.0 | 91,704,000 66.0
IS 22 LR - o 7 503,000 |......... 485,000 |.........
Changes in overhead structures. . .......... ... ..t i ... 834,000 [......... 834,000 |.........
Changes in wire lines................... e P 2,028,000 !......... 2,028,000 ). ........
Changes in signal system.................... e 6,694,000 [......... 6,111,000 |.........
142, 554, 000 100.0 | 138, 689, 000 100.0
Summary: -
Specified 16emS. « . ... o 92.2 |l 91.4
Unspecified 1tems .......................................... L 7.8 | 8.6
............. 100.0 f...ooiiols 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 estimate assumes not
special 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 minimized; 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 electrification, which is reduced by -the
credit for released steam locomotives, given by item 10. This credit is based on the assumption
that all steam locomotives released within the superpower 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 assuming 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 w1t1nn 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. These 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 and cost of steam’ 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 Wéight 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 the net cost of electrification; the percentage that the saving
from electric operation bears to ‘this total cost det,ermmes whether any division is susceptible

of economical electrification.
CONCLUSIONS -

The study described above has been made for all the class 1 railroad systems within the
superpower zone except the Ulster & Delaware, the New York, Ontario & Western and the
Western Maryland. - The first two were omitted, after a- prehmmary examination, because their
traffic was too light to warrant electrification. The Western Maryland was 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® 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 strictly to the limits of every operating
d1v1310n reported by the railroads, and some divisions were therefore consolidated into routes.
The number of divisions or routes ranged from one.on the Boston & Maine to nine on the
Pennsylvania and aggregated 40 for the 13 roads.

Theresults of the study are given in figures 14.and 15, Whlch 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

1 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. Itincludes 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. N
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