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ELECTRIFICATION OF STEAM RAILROADS

The Committee on Electrification of Steam Rail-
roads has continued its activities through the past
vear in conformity with the program adopted in
1926 and stated in last year’s report as follows:

1. To study railroad electrification in a general
way, avoiding technical details.

2. To analyze railroad electrifications already
made and to develop the fundamental reasons
for, and the results of, these electrifications.

3. To promote cooperation hetween the executives
of railway and power companies in order to de-
velop a clearer understanding of each other’s
problems and requirements in connection with
railroad electrification.

It was recognized at the outset that this program
would require a number of years for its develop-
ment and completion. During the last year the
Commiittee succeeded in getting its work better or-
ganized and made real progress in the development
of its program. The three principal items of accom-
plishment this year are: (1) the employment of a
secretary, (2) the extension of the statistical studies,
and (3} a special report on one of the outstanding
railroad electrifications of this conntry made by an
independent investigator.

Employment of a Secretary

When the program of the Committee was defi-
nitely decided upon it was realized that the work
must be continually prosecuted without any lapses
and that it would e necessary to arrange for some
one to devote practically all of his time to making
the requisite studies. It was finally decided to em-
ploy a permanent secretary and establish a regular
office from which to conduct the Committee’s work.
The Committee was fortunate in securing the ser-
vices of Horace H. Tield, who has had many years’
experience in the electrical and public utility indus-
tries, including a great deal of economic rescarch
and involved statistical studies. During the last ten
vears most of his time has been used in research for
various committees of the National Flectric Light
Association so that he is well-known to many of the
members.

The secretary’s office is established in Chicago at
the same address as the Chairman, which is condu-
cive to keeping all branches of the work in proper
harmony. The new arrangement will enable the
Committee to render continuous and effective work
throughout the year and permit the breadening of
its activitics on a scope thal would otherwise be im-
possible in following the development of electrifica-
tion all over the world.

1t is the intention of the Comumnittee to make its
office a collecting point for all valuable information
in regard to elccirification. It should become, in
time, one of the principal depositories for complete
and authentic general information on the subject.
The information collected will be kept readily avail-
able for the use of both railroad and public utihty
industries and for others who are properly interested
in such research,
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Extension of Statistical Studies

Two editions of the 1927 report of this Committee
have been printed. The report was given wide cir-
culation in both railroad and power industries.
Copies were mailed to the presidents of all impor-
tant railroads in this country and to all electrified
railroads in foreign countries with reguest for com-
ment and suggestions. Many replies have been re-
ceived expressing approval and offering cooperation,
also requesting copies for associates. The statistical
tables developed for the report in particular have
been the subject for comment, as was hoped by the
Committee.

The Condensed Analysis of Railroad Itlectrifica-
tions (Table I}, which appeared in last year’s report
for the first time, has been considerably amplified by
the addition of more roads and mileage. This table
was originally compiled through the medium of tech-
nical publications covering the 33 years of history
of electrification. During the last year a great deal
of additional information has been accumulated and
work begun on securing such information directly
from the railroads. The information regarding
United States railroads has all been submitted by
the railroads themselves. This is also true of some
of the foreign roads, although considerable depen-
dence has been placed on other statistical sources for
foreign information, Ultimately the statistics dcvel-
oped by this Committee will all represent original
data secured directly from the proper parties.

A new table is submitted in this year’s report en-
titled “Physical Characteristics of Operation on
Tlectrified Sections of Steam Railroads™ {Table 11).
This table is complete for the United States and
Canada. Al of the American railroads replied to
requests for this information. Replies from abroad
are being gradually received, and those on file have
been tabulated. The 1929 report should be nearly
complete for all countries of the world with authen-
tic information supplied by the railroads themselves.

Special Report on Electrificd Road

1t is the intention of the Committee to submit each
year some special analysis or investigation of one of
the outstanding types of railroad electrification. For
this year’s report The Virginian Railway was chosen
on account of the popular interest which attaches to
heavy tonnage operation.

As it was desired particularly to have the views of
an independent investigator who had not been con-
nected with this project, a railroad executive from
another part of the country was selected. F. L.
Johnson, of the Chicago, Burlington & Quincy Rail-
road. kindly consented to examine and report on the
operations of The Virginian Railway. Mr. Johnson
has the background of 50 years of operating and ex-
ecutive experience on one of the largest and most
efficient railroad systems of the Middle West. He
spent a week examining the electric and steam oper-
ating divisions of the railroad, accompanied by a
small group from the Commitiee. Mr. Johnson’s
report is submitted as an appendix and represents
entirely his views and conclusions.
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Recent Progress of Electrification

The history of electrification from 1895 to 1927
was well covered in last year’s report to which refer-
ence is made for details,

The past year has seen an extension of electrifica-
tion in the United States, most of the larger Euro-
pean countries, South America, Australia, Incha and
Japan. Initial installations are being made in some
of the smaller countries like Costa Rica, Czechoslo-
vakia and Siam. Several of the European countries
are at work on programs for electrification which
will take years to complete but on which substantial
progress is recorded every year.

Foreigu Countries

In Great Britain electrification is still confined for
the most part to suburban passenger traffic. No
through service has been electrified as yet but exten-
sions of the suburban systems are constantly being
made. In Holland considerable additional track has
been electrifiec for passenger service only. Sweden
recently completed electrification of one long line for
general traffic purposes.

France, Germany, Switzerland and [taly continue
to extend electrification to new sections. At the end
of 1927 Germany had 750 miles of road electrified
and was proceeding with 185 miles more. Switzer-
land had 1250 miles of standard gage routes elec-
trified and 150 more miles scheduled for 1928. Tealy
had about 750 miles of electrified routes in 1927 with
200 miles scheduled for completion in 1928 and ex-
pectation of about 1400 miles by the end of 1930.

Lines operating 1into ‘Warsaw, Poland, and
Prague, Czechoslovakia, are being electrified and
may be in operation by the timne this report 1s printed.
Three new standard gage lines are projected be-
tween France and Spain across the Pyreneces. Some
of the worl is now under way, and it is reported that
two of the lines {at least) will be electrified. Sev-
eral of the smaller European countries are reported
to be making studies of eleetrification, particularly
in the vicinity of their capitals or largest cities.

The Indian Government is working on ambitious
plans for electrification of a large amount of the
principal lines in that country. Two railroads are
alrcady operating by electric power in the vicinity
of Bombay, the first going into service in 1925 and
the second in 1928, Both these roads plan to keep
on extending their electrified sections for several
years.

In Central and South America, there have been
several extensions of electrification. The Mexican
Railway Company has extended its clectrification.
The Paulista Railway of Brazil has extended also,
and the Western Minas Railway has ordered its first
electrical equipment. The Transandine Railways in
Chile and Argentina, which are operated as a unit,
are electrifying and the Chilean section has been
completed.

In Canada, the Canadian National Railways have
announced that they will build a new terminal at
Montreal and use electric traction in the city.

United States

In 1927 the Milwaukee Railroad completed the
extension of its electrification from Black River to
Seattle. This extension was about 10 miles of dou-

ble track, and brought the total length of track elec-
trified up to 878 miles.

The IHinois Central Railroad completed in 1927
the first full calendar year of electrical operation on
its Chicago suburban service. LElectrical operation
began 1in August, 1926. The last steam schedule was
for 396 trains per day. The number has heen grad-
ually increased up to 566 trains on week days in
April, 1928. Express service has been added on
some lines and more [requent service to most sta-
tions. The running time of the different services
has been shortened by 11 to 28 per cent. The re-
sponse of patronage showed about 19 per cent more
rides in 1927 than in 1926,

The Virginian Railway also eompleted its first
ealendar year of electrification in 1927. The first
short section of electrification was placed in oper-
ation in September, 1925, but the entire electric zone
was not in service until September, 1926. Oper-
ation on The Virginian is treated in an appendix to
this report. It is sufficient to state here that officials
of the road express satisfaction with the new motive
power which has greatly facilitated their moveinent
of heavy tonnage trains over mountain grades.

The Pennsylvania Railroad is engaged in a large
electrification project at Philadelphia. A new pas-
senger station for through traffic is being built on
the west side of the Schuylkill River. An under-
ground station for suburban traffic is being built in
the heart of the city near the old Broad Street Sta-
tion. All operation into the underground station
will be electric, and the electric trains will connect
the two new stations with each other through a four-
track subway. Two suburban services to Chestnut
Hall and Paoli have been electrified for several years.
Two additional suburban routes are now in process
of electrification and are expected to be completed in
1928. Oune line extends to Chester and Wilmington,
28 miles south of Philadelphia. Electric operation
on this line is scheduled to begin about the muddle
of the year. The other line extends westward from
Philadelphia to West Chester via Media, a distance
of 27 miles. This electrification is expected to he
ready by early autumn.

The Great Northern Railway, on May 1, 1928,
holed through its new Cascade Tunnel. This tunnel
was described by President Ralph Budd in an appen-
dix to this Committee’s 1927 report. The tunnel is
nearly eight miles long and the longest in the Amer-
icas. It is within the Great Northern’s electric zone
and will be equipped for 11,000-volt overhead con-
tact like the old tunnel which it replaces. The old
tunnel was originally electrified by itself in 1909
with three-phase alternating current. This was
changed in 1927 to the present single-phase system
in anticipation of establishing an electrified division
extending about 75 miles. It is expected that the
new tunnel and approaches will be ready for service
in the fall of 1928,

The Reading Company has been engaged for some
time in draiting plans for the electrification of its
Philadelphia suburban service.

The Boston, Revere Beach and Lynn Railroad has
announced that it will electrify. This is a high-
speed, narrow-gage road carrying suburban traffic
between East Boston and its terminals at Wintbrop
and Lynn, Mass.
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The Detroit, Toledo and Ironton Railroad has
been operating by electricity over 18 miles of its
route hetween Ifordson and Flat Rock, Mich.
Electrification is now being extended a distance of
27 miles from Flat Rock to Petersburg Junction.

During April, 1928, the Delaware, Lackawanna
and Western Railroad announced plans for electri-
fication of its New York suburban service. The
electrification will follow the main line from Hobo-
ken to Dover (via Newark and Summit) with two
branches to Montclair and Gladstone. The total
mileage is said to be 78 miles of route and 173 miles
of track. Detailed specifications have not been an-
nounced but it is estimated that construction will be
completed in about two years.

This project has an interesting and rather unusual
feature in the support being given by the communi-
ties affected. Representatives of civic organizations
i all these commniunities, with a population around
1,250,000, presented a petition to the railroad asking
for electrification and pledging cooperation with the
railroad in securing an advance of commutation
fares to support the improvement of transportation
facilities.

The Cleveland Union Terminals Company, which
is constructing a new union station in Cleveland,
Ohio, has ordered 20 electric locomotives for use in
1930, The locornotives will weigh 200 tons each
and operate on 3000 volts direct current.

Systems of Electrification

There are many systems of electrification in use
at various places throughout the world as shown by
the tables accompanying this report. The various
systems were tabulated in a supplementary table last
year. Although this year’s report lists many more
railroads, there are no new systems of electrification
to report.

Some countries have taken definite steps to stand-
ardize on a system for all future work and in cer-
tain cases have gone so far as to rebuild previous
electrifications to conform with the new standard,
In general it may be said that the central Furopean
and Scandinavian countries favor low-frequency al-
ternating current at a high voltage. The standard
system in these countries uses single-phase energy
at 16-2/3 cycles with 15,000 volts at the trolley wire.
A secondary standard is used in Germany for sub-
urban service with direct current at 800 volts.

England and the western countries of Europe are
using direct current at voltages from 600 to 1500,
with third rail for suburban lines and overhead trol-
lev for the longer lines, The English colonies are
following the lead of the home country, as also are
those railroads in South America which look to Eng-
land for their technical advice.

Italy has had a long experience with the use of
three-phase energy at 330G volts and is proceeding
with the general electrification of long distance lines
on this basis. It is interesting to note that experi-
mental installations are being made with high-volt-
age direct current and higher voltages for three-
phase.

In a report to the Second World Power Confer-
ence in 1926 Monsieur H. Parodi of the Paris-Or-
leans Railway gives his view of the adoption of
standard systems in Europe. He states that the two

general choices of system have grown up around
different and distinct conceptions of the relationship
which will be carried out in the future between the
railrcad and power industries. France, England,
Belgium, Holland, Japan, South America, Africa,
India and Australia have foliowed the policy of util-
izing the power stations producing three-phase cur-
rent for industry and of distributing the power for
railroads and industries through a single system of
high-tension lines. Germany, Switzerland, Austria,
Norway and Sweden have followed the policy of
creating two separate systems of generation and
transmussion for industrial power and for transpor-
tation, the railroad power systern being single-phase
with a frequency of 16-2/3 cycles while the general
power system is three-phase and 50 cycles. He notes
that the countries in which the railroads are pri-
vately owned have paid most attention to the gen-
eral interests of the country, while the countries
where the railroads are government owned have neg-
lected the advantages which might accrue from a
single, unified or interconnected, power-supply sys-
tem.

In the United States, of course, conditions are
quite different from most of the European countries.
Klectrification has been adopted here for specific
purposes in widely separated parts of the country.
Fach railroad has attempted to employ the system
hest adapted to its own particular problem. The re-
sults have been generally satisfactory with whatever
system has been adopted, as is testified by the oper-
ators in each case.

There has not yet developed a general need for
standardization on account of the overlapping of the
various installations or of the necessity for inter-
changing equipment. This has resulted in the United
States retaining an important position as a proving
ground for all the best and latest improvements in
electrification. Both direct current and alternating
current are being extensively used and the voltages
vary from ordinary street-car practice up to 22,000
volts,

In the last 20 years there have been developed a
number of locomotives of quite different character-
istics, yet having a certain amount of interchange-
ability. The New York, New Haven & Hartford
Railroad started the interchangeable feature, in 1907,
when it made its locomotives and motor cars adapt-
able to either 11,000 volts single-phase or 600 volts
direct current. Since then all single-phase electrifi-
cations in this country have been made at 11,000
volts and 25 cycles, except one at 22,000 volts, so
that most of the single-phase equipment can run on
any of the different lines. The locomotives that have
been built for 22,000 volts can be used with 11,000
volts, and some intended for original operation at
11,000 are also capable of running on 22,000 volts.
Among the equipment which can be used on any ex-
isting 11,000 volt system are the New Haven loco-
motives with series motors, the New Haven locomo-
tives with motor-generator sets, the Norfolk and
Woestern locomotives with induction motors, the Vir-
ginian locomotives with induction motors, the Great
Northern locomotives with motor-generator sets,
and the Detroit, Toledo & Ironton locomotives with
motor-generator sets.
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Thus there are in this country five widely separated
roads performing entirely different services with
locomotives of special type developed for their indi-
vidual neceds but which could, if required, operate
over the same electrified system. Taking power in
similar form, they have the separate advantages of
single-phase, three-phase, and direct-current motors
for their respective duties. One railroad has loco-
motives adapted to run on either 11,000 volts single-
phase or 600 volts direct current, and another has
locomotives operating on 600 volts direct current so
built that they may be revised for 11,000 volts alter-
nating current. The motor-generator locomotives
with 600-volt traction moters can also be adapted to
run on a 600-volt direct-current supply. There is
no present indication that the several well established
systems of electrification are going to decline in
favor. It is not unlikely, however, that there will
be further developments in the interest of inter-
changeability between rcads, as there have been in
different motive-power equipment for varied duty
on different divisions of the same road.

Characteristics of Electrical Operation in the
United States

A study of Table I, “Condensed Analysis of In-
stailations,” shows the same prevailing reasons for
electrification which wecre emphasized last vear;
namely, to increase capacity, to 1mprove service, and
to promote general economy. Long tunnels, moun-
tain grades and the congestion of city terminals are
underlying causes in the United States.

Up to date there have been installations of elec-
trical operation on 19 railroads in this country. The
total mileage operated by electricity is about 1800
miles of line and about 4000 miles of track. Of all
the roads concerned, this is about 2.5 per cent of the
miies of line and 3.C per cent of the miles of track.
For the whole United States it is about 0.7 per cent
of the miles of line. Tfor comparison with the
United States, there are in the world about 100 rail-
roads with electrified sections jn operation or under
construction, distributed through 35 countries in all
continents.

Examination of the United States roads listed in
Table II, “Physical Characteristics of Operation,”
shows many interesting facts. It should be borne in
mind while consulting this table that the operations
described are conducted on the most difficult por-
tions of the roads concerned. This is particularly
true of the mountain sections electrificd by the Chi-
cago, Milwaukee, St. Paul & Pacific, the Great
Northern, the Norfolk & Western, and The Vir-
ginian.

Road and Track

Of the 19 roads, 12 are engaged in suburban and
terminal operation arcund large-cities. Seven oper-
ate over heavy grades and through long tunnels.
Most of the termmnal roads also have one or two tun-
nels ranging from a few hundred up to several thou-
sand feet in length, the tunnels of the Pennsylvania
Railroad under the Hudson River at New York
being considerably longer than any of the others.
The curvature on the terminal roads is only mod-
erate.

The mountain roads have 89 tunnels aggregating
327,000 ft. This is equivalent to an average of 3700

ft. per tunnel, or 47,000 ft. of tunnel per road. The
grades likewise are long and steep with ruling gra-
dient as high as 2.2 per cent. The average ruling
grade 1s 1.5 per ceat for an average distance of more
than 46,000 ft. In general the curvature on ruling
grade begins near the upper limit of the terminal
roads and runs up as high as 12 degrees.

Equipment

Of the 19 roads, 3 operate passenger service only
with electric power; 4 operate freight service only;
and 12 operate both passenger and freight service.
Sixteen of the roads employ locomotives and 10
have multiple-unit cars. This means that seven
use hoth. All the roads operating freight service
by electric power use locomotives. Ten of the fifteen
roads operating passenger service use locomotives
for this purpose. There are also 10 that have mul-
tiple-unit cars. In other words, five of the heaviest
traffic reads use both for passenger service.

The statistics for locomotives and motor cars are
for the largest equipment on each road. Passenger
locomotives are more nearly uniform in size than
the freight locomotives and the horsepower varies
from 1000 to 4000. The heaviest passenger engines
are on the Great Northern Railway with weight oi
715,000 1b. Freight engines vary widely on account
of some roads having only switching and way freight
service. The freight locomotives for trunk line ser-
vice range from 262,000 1b. up to 1,282,000 lb. and
from 1300 to 7000 horsepower. The heaviest loco-
motives are those of The Virginian, which are larger
than any others in existence, either steam or electric.

Motor cars vary considerably in weight and seat-
ing capacity. The weights vary from 62,000 to
176,000 1b. When used with trailers they are
motored with 400 to 1000 h.p. and without trailers
with 240 to 470 h.p. About two-thirds of the roads
use trailers with their motor cars.

Traffic

The traffic of the electrified railroads in the United
States has been classified from Table II, so far as
possible, into the three groups of suburban pas-
senger, general passenger, and freight service. The
three groups are shown in three small tabulations
below, arranged for each group in the order of car-
miles for passenger service and in the order of gross
ton-miles for freight service. The car-miles, or
gross ton-miles, per mile of route for the year 1927,
have been calculated in the column at the right in
each case.

The annual car-miles of suburhan passenger ser-
vice range in general between 90,000 and 300,000
per mile of route. The annual car-miles of general
passenger service range in two groups, (1) between
3000 and 80,000, and (2) hetween 200,000 and 350.-
000 per mile of route. It should be noted, however,
that comsiderable suburban passenger service is in-
cluded in the figures for some of the passenger
roads, due to inability to separate effectually the dif-
ferent varieties of passenger service when conducted
over the same trackage. The annual gross ton-mules
of freight service on the electrified sections range in
zeneral hetween 3,500,000 and 21,000,000 with more
than half the roads between 13,000,000 and 21,000,-
000 gross ton-miles per mile of route electrified.
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SUBURBAN PASSENGER-TRAIN OPERATION

Car-Miles
Average Average Schedule per Year
Miles No. Trains No. Cars Car-Miles Speed per Mile
Railroad Route Daily Daily per Year M.p.h of Route
Long Islaud RR. Co... . i s 138.08 895 5,370 40,011,720 32.0 289,500
Tllinois Central R. R, Conovnnrniinen i 37.80 497 2,100 9,361,914 25.0 247,700
Pennsylvania R. R. Co., Philadelphia Suburban Lines. 36.16 . e 4,301,659 30.0 118,900
Southern Pacific Co......... oo i i i ... 50.03 804 1,484 4,181,158 17.7 83,600
New York, Westchester & Boston Railway Co...... 26.62 259 550 3,408,500 320 128,100
Baltimore & Ohio R.R., Staten Island Lines........ 28.00 418 874 2,699,858 22.5 96,400
Erie Railroad Co.. ... oot eia s 3376 24 58 537,756 28.0 15,930
GENERAL PaSSENGER-TRAIN OPERATION
Car-Miles
Average Average Schedule  per Year
Miles No. Trains No. Cars Car-Miles Speed per Mile
Railroad Route Daily Daily per Year M.p.h.  of Route
New York, New Haven & Hartford R.R. Co. {a).. 151.72 453 3,001 31,333,205 36.0 206,500
New York Central RR. Co.ooovvoinoiiiin . 63.10 497 4,800 21,879,280 21.5 346,700
Chicago, Milwaukee, St. Paul & Pacific RR. Co.... 658.77 4 40 9,602,010 30.8 14,570
Peunsylvania Railroad Co., Camden to Atlanlic City. 7500 4,185,900 55,800
Ft. Dodge, Des Moines & Southern RR. Co........ 147.12 30 36 472,753 28.0 3,210
Michigan Central IR. Co.........c. ... ... 4,60 38 357 364,900 15.3 79,330
Boston & Maine RR. Co..ovvviniiiiiineieiiinnes 7.92 12 81 211,289 28.8 26,680
Butte, Anaconda & Pacific Railway Co............ 37.38 4 12 116,038 304 3,110
Note: (a) Nantasket Beach line not included.
FreigET TraiN OPERATION
Average  Average Gross Schedule Gross Ton-Miles
) Miles  No. Trains No. Cars Ton-Miles Speed per Year per
Railroad Route Daily Daily per Year (b) M.ph. Mile of Route
Chicago, Milwaukee, St. Paul & Pacifie
Railroad Co. ..ovvvvvnn it 658.77 254 2,308,702,289 13.0 3,500,000
New York, New Haven & Hartiord
R.R Co i 151.72 85 3,680 2,084,887,413 20.0 13,740,000
The Virginian Railway Co............ 134.00 20 1,434 2,058,497,280 15,350,000
Norfolle & Western Railway Co........ 63.70 37 1,678 836,346,367 13,130,000
Butte, Anaconda & Pacific Railway Co. 3738 6 514 187,971,439 13.4 5,030,000
Boston & Maine RR. Co.............. 7.92 30 1,536 168,386,610 15.0 21,260,000
Ft. Dodge, Des Moines & Southern
RR. Co vooviiii i, 147.12 9 204 90,341,557 15.0 614,000
Michigan Central Railroad Co......... 4.60 47 1,617 68,223,900 8.5 14,830,000
Long Island RR. Co...evvvvviiininni 138.08 .. 11,307,960 82,000

Note: (b) Excluding locomotives.

Power

The electric power used by 17 of the 19 roads in
1927 amounted to 1,585,000,000 kw-hr. The gener-
ated power is slightly more in quantity than the pur-
chased power, but there are more roads purchasing
power than generating it. Twelve of the United
States roads purchase all their power, while five
generate all their power. The remaining two pur-
chase about one-third of their power and generate
the balance.

The energy used for passenger-train service varles
about the same us in city and interurban railway
service, between 134 and 7 kw-hr. per car mile. The
power used in freight service was reported by six
of the railroads. These results vary from 25 to 100
kw-hr, per 1000 gross ton-miles, indicative of con-
siderable difference in the service performed by the
roads and in the character of the country through
which they operate. Five of the roads have loco-
motives equipped for regenerative braking, but cnly

two report the proportion of regenerated power as.
respectively, 9 and 16 per cent of the total.

Conclusion

Tables I and II following, on which comments
have just been made, epitomize the data in the Com-
mittee’s files. They are entitled, “Condensed Analy-
sis of Installations” and ““Physical Characteristics of
Operation.”  Table 11 is new this year and not as
complete for foreign railroads as Table I. These
tables will be improved {from vyear to year with
the cooperation of the railroads themselves. This
cooperation has been cordially given and is greatly
appreciated by the Committee.

Plans in view for next year’s activity of the Com-
mittee include a special study of electrification prac-
tice abroad which will involve the sending of a sub-
committee to Europe. It is also the intention to
make a study of central-station contracts now used
in this country {for the sale of power to steam rail-
roads.
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TABLE

CONOENSED ANALYSIS OF INSTALLATIONS OF

Electric Mileage

Railroad Location System of Electrification Installed
Route Track
UNITED STATES:
Baltimore & Ohio Railroad. ... ... Balbimare Tunnel. ........ ... ... ... iii 3.60  7.96 675 volb d.o; third rail (A)......................
Staten Island Rapid Transit Lines................ 28.00 50.00 600 volb de; bhird rall. ..o
Boston & Maine Railroad. .. ..... Hoosac Tunnel, Massachusetts. .. ................ 7.92 2138 11,000 volt a.c.; 1 phase, 25 cycle; overhead, . ... ..
Butte, Anaconda (¢ Pacific Ry.... Butte, Anaconda, Rocker, Montana............... 37.38 122,75 2,400 voltd.o; overhead. ... .. .. .. o L
Chieago, Mil., St. Paul & Pacific.. Harlowton, Mont.—Avery, Idaho; Othello—Tacoma
& Seattle, Wash. .. ... ... ol 658.77 878.47 3,000 voltd.c.; overhead. .................. .
Greab Falls Yard. .. .. o.ooveneeeinieeiaenns 0.00  6.20 1,500 voltd.e.;overhead. ................. L .
Gallatin Valley Branch.......................... 18.80 25.38 600 volt d.c.; overhead. ................ .7 L
Delaware, Lackawanna & Western Wallabout freight terminal, Brooklyn, N. ¥........ 000 1.08 600 valt d.c.; overhead. ......... ... . oLl
Detroit, Toledo & Ironton R.R. .. Fordson, Flat Rock; Michigan, .................. 16.58 50.05 22,000 volt a.e.; 1 phase, 25 cycle; overhead. .. ... ...
Erie Railroad. .. ................ Rochester, Mt. Morris; New York................ 33.76  36.23 11,000 volt a.c.; 1 phase, 25 eycle; overhead. . .......
Ft. Dodge, Des Moines & Southern. Fort Dodge, Des Moines, Rockwell; Towa. ........ 147.12 193.95 1,200 volb d.c.;overhead.. . ... .. ... ... ...,
Great Northern Railway......... Cascade Tunnel—Skykomish; Washington... ... 25.50  31.70 11,000 volt a.c.; 1 phase, 25 ¢ycle; overhead (B). . ...
Tllinois Central Railroad......... Chicago—Richton; linois. . e 37.80 127.10 1,500 voltd.c;overhead. ................ o L.
Long Island Railroad............ New York and Brooklyn to wesbem part of Long
Tsland. ... ..o 138,08 424 40 650 volb de; third rail. ..... . . . . ...
Michigan Central Railroad. ...... Detroit, Michigan—Windsor, Onbario. . ........... 4.60 28.55 650 volb de thard radl . .. . oL L
Now York Central Railroad.. .. .. Grand Central Station-—Croton—White Plains; N. Y. 83.10 326.64 650 volt dc;thirdrail, .. ... ... L
NY,NH&HRR......... Nantasket Jc. to Pemberton, Mass. .............. 6.87 16.61 650 volt d.c.; third rail and overhead............
Providence, Warren, Bristol, Fall River. .......... 23.91 48.50 650 voltd.e;overhead. ...... ... .. .. ...
New York to Weodlawn (C)..................... 11.95 48.71 650 volt d.e.; third rail. . ..
Woodlawn, N. Y., to New Haven, Ct., including
Harlem River Branch. ........................ 75.22 509,88 11,000 volt a.c.; } phase, 25 cycle; overhead ..
Stamford to New Canaan, Conneclicut............ 7.92 9.78 11,000 volt a.c.; 1 phase, 25 cycle; overhead . . ..
South Norwalk to Danhury, Connecticut. .. ... .. .. 23.72  31.00 11,000 volt a.c.; 1 phase, 25 cycle; overbead..... . .
Port Morris toTresh Pond and Sunnyside Yards; New
B s T 9.00 25.80 11,000 volt a.c.; 1 phase, 25 cycle; overhead... ... ...
N. Y., Westchester & Boston Ry.. Bronx, Harrison, White Plains; New York......... 26.62 83.10 11,000 volt a.c.; I phase, 25 cycle; overhead .. ... .. ..
Norfolk & Western Railway. ..... Bluefield—Iager, West Virginia and hranches .. ... 63.70 202.54 11,000 volt a.c.; 1 phase, 25 cycle; overbead.........
Pennsylvania Railread. .. ........ Camden—Atlantic City; New Jersey.............. 75.00 150.38 650 volt duc; third radl. ... Ll
New York, N. Y.; Manhattan Transier, N. J. ... .. 13.41 110.08 675 volt dey thirdradl. ... oL oL Ll
Philadelphia, Paoli, Chestnut Hill; Pernsylvania. .. 36.16 124 .60 11,000 volt a.c.; 1 phase, 25 cyclo; overhead.... .. ...
Southern Pacific Railroad. . ... ... Qakland, Alameda, Berkeley; California........... 50.03 118.28 1,200 volt d.c;overhead. ........ ... ... ... ...
Virginian Railway............... Mullens, West Virginia—Roancke, Virginia..... ... 134.00 231.00 11,000 volt a.c.; 1 phase, 25 eycle; overbead. . ... ...
ARGENTINA:
Buenos Aires & Western Railroad. Buenos Aives, Moreno......................... .. 25.38 78.30 800 volt d.c.; third rail and overhead (B).........
Central Argentins Railway. ...... Buenos Aires, Victoria, Tigre..................... 35.17  53.77 800 volb d.c.;thirdrail. ... ... .,
AUSTRALIA:
New South Wales Government Ry. Sydney and suburbs. ...... ... ...l ol 143,60 1,500 volt d.e.; overhead.. .. .............. {/
Victoriaz Railways.............. Melhourne and suburha. .. ..o 162.88 404.50 1,500 voltd.c.;everhead. .. ... ... ... ... v=a..
AUSTRIA:
Austrian Federal Railways. .. ... 3t. Polten, Mariazell, Gusswerk. ................. 5.78 ...... 5,000 volt a.c.; 3 phase, 25 cycle; overhead. ...... ..
Vienna, Hainhurg (fo border near)................ 37.76 ... .. 550 volt d.c. and
15,000 volt a.c.; 1 phase, 1624 cycle; overhead. .. ...
Stainach-Trdning, Abbnang-Puchheim. .. ... ..... 66.74 ...... 15,000 volt a.c.; 1 phase, 1624 cyols; overbead.......
Bregens, Feldkireh, Tunsbruek (also Buchs, 132.05 138.42 15,000 volt a.c.; 1 phase, 1624 cycle; overhead.......
Switzerland)
Innshruck, Worgl, Rufstein. .................... 45.30 82.34 15,000 volt a.c.; 1 phase, 1624 cycle; overbead. .., ...
Vienna City Railway............ VIBIIA. .\t e 16.70 ... 750 volb d.c.; overbead............... .. ...
BRAZIL:
Paulista Railway................ Jundiaby, Campinas, Tabu, Rio Clare............ 83.90 111.90 3,000 voltd.e;overhead. ... ... ... ...,
Wostern Minag Railway......... State of Minas. ... ... 4500 ...... 1,500 volt d.c.;overhead. ... ... .. ... ... ...

UNITED STATES

A—Originally overhead; changed to third rail in 1901.

B—Caseade Tunnel electrified with J-phase in 1909; changed to 1-phase
and extended in 1927,
C—Operates on tracks of New York Central,
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Errcrricar OpEraTION ok SteAM RaATLrRoAD LiINES

Year
Electrified Trafhe Affected Reasons for Electrification Results of Electrification
1895 Freight and Passcnger  Eliminate smoke in tunmel............o..co0 o0 oo Capacity increased; operating costs lowered; smoke elimi-
nated.
1925 Suburban Passenger.. Legislation; tunnel operation; terminal switehing. ............. Facilities increased; operating economies.
1911 Froight and Passenger  Increase capacity; eliminate smoke in tunucl.. .. .............. Turmnel operation facilitated; capacity increased.
1913 Freight and Pagsengcr Increase capacity; general economy.......................... 100% increase in tonnage havled in 1915.
15 4\27 Freight and Passenger Ceneral economy; increasc capacity; heavy grades; tannels. .. .. Capacity increased; traffic increased; operating economies.
: Freight Switching. . .
o Freight Switching. . ..
1926 Treight Switching. ... City ordinance; eliminate smoke. ........ ... ... ... ... ...... BSmoke eliminated,
1925 Feeight.............. TIncrease facilities; eliminate smoke; Detroit city ordinance. ... .. Smoke eliminated; efficiency increased.
1907 Freight and Passenger Inerease eapaciby.............. .. ... i Capacity and facilities increased.
1900-1912  Freight and Passenger Increase facilities; reduce operating costs.....................
1909-1927  Freight and Passenger Increase capacity;eliminate smoke in tunnel; prospective opera-  Smoke eliminated ; pusher service eliminated; time of traing
tion through longer tunmel.. . ....... ... ... L reduced one-half.
1926 Suburban Passenger.,. Increase facilities; eliminate smoke; agreement with Chicago city Higher speed; more trains aceommodated; increased pa-
tronage.
1905-1926  T'reight and Passenger Improve suburban service; facilitate terminal operation; tunnels; Smoke eliminated ; facilities increaged; faster service.
Jegislabion. . ...
1910 Freight and Passenges Eliminate smoke in tunnel.. ... ... .. ... .. ... ... ... .. Capacity and speed improved; operating economies.
1806-1926  Passenger............ QOperation through tunncl; improve service; inerease facilities. . . .. Smokeeliminated; capacityincreased; air rights developed.
1895 Suburban Passenger... Increase traffic by improved serviee.............. ... ... ... Service improved and traffic inereased.
1500 Passenger............ Increase traffic by improved service.......................... Service improved.
1607 Passenger............ Legislation prohibiting steam operation in tunnel; terminal opera-
ton; inerease facilities. . ... R, R Facilities increased.
1907-1914  Freight and Passenger Increase facilities; general economy. ... ...................... Tacilities increased.
1908 Freight and Passenger Increase facilities; general coomomy................... ... ... Facilities increased.
1925 Treight and Passenger Increase facilibies; gencral ecomomy.......................... TFacilities increaged.
1912-1927  Freight and Passenger Increase [acilities; general economy. . ........ P .. Facilities increased.
1912 Suburban Passenger... Increase facilities..................
1815-23-25  Heavy freight..... ... (irades; tunnels; increases capacity. ............ Capacity increased; operating economies.
1906 Passenger............ Increase traffic hy improved service and facilities.............. Revenueincreased by increased traffic; operating economies.
1910 Passenger............ Legislation; tunnel; new terminal in New York................
1014-1918  Freight and Passenger Increase capacity of Broad Street Terminal................... Capacity increased.
1911 Passenger............ Increase facilities; eliminatesmoke.. ... ... .. ... ... .. ...
1926 Heavy Freight. ... ... Inerease capacity; heavy grades; tuunels. . ................... Increased lacilitics; reduced fuel and operating costs.
1923 Snburban and Freight. Tmprave service; increase capacity; tunnel operation.. ... ... .. Trafficincreased by improved service and capacity increased
1916 Suburban Passenger... Better service with faster schedules. ......................... Capacity increased; faster schedules; general economy; in -
crease in traffic.
%1928  Suburban Passenger... Inersase capaeiby............... .. ... ... L.
1919-1923  Suburban Passenger... Increase facilities; general economy..........................
1911 Freight and Passenger Increase capacity; grades; bunnels; conserve fuel; use water power Operating economics; inereased facilities,
1914 Freight and Passenger Increasetraffic......... .. ... . 0 i iiiiiiniinrinins Traffie increased.
1024 Freight and Passenger Tunnels and heavy grades; ubilize water power. ...............
1920-23-24  Freight and Passenger Inerease capaciby; tunnels and heavy grades; conserve fucl...... Sroke eliminated; capacity increased.
1927 Freight and Passenger Increase capacity; tnnnels and heavy grades; conserve fuel . . ... Smoke eliminated; sapacily inereased.
1925 Passenger............ Agreement in lease-contract with city. .. ... ... ... L. Smoke eliminated.
1021-1826  Freight and Passenger Coal scarcily; beavy grades; increase capaeiby................. Capacity increased; operating economies.
1927 Freight and Passenger

E—Overhead in Port zone for locomotives,
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TABLE

CONDENSED ANALYSIS OF INSTALLATIONS OF

Electric Mileage

Railroad Location System of Electrification Installed
Route Track
CANADA:
Canadian National Railways. . . .. St. Clair Tunnel; Port Huron, Michigap; Sarnia,
Onbario. ... 3.00 16.00 3,300 volt a.c.; 1 phase, 25 cycle; overhead.. ... ...
Mt. Royal Tunnel, Montreal, P. Q. .............. 8.20 20.16 2 400 volt d.c.; overhead....... e .
Montreal Harbor Commission. ... Monbreal Yards. .............................. 15 00 56.00 2,400 volt d.c.;overhead. .......... ... . ...
CHILE:
Anglo-Chilean Cona. Nitrate Corp. Tocopilla, Nitrate Deposits. ..................... 25.00 ..., 1,500 volt d.c.; overhead
Bethlehem Chile Railway........ Tofe, Cruz Grande. ... ............ ... .. ... 15.00 24.00 2,400 volt d.c.; overhead
Chile Exploration Co............ Chuquicamata. ....... ... 15 34 20.37 600 volt d.c.; third rail
Chilean Nitrate Reilways. ....... Tquique, Las Carpas. ..., 2000 e e
Chilean State Railways. ......... Valparaigo, Los Andes, Santiago. ................. 144,00 255,00 3,000 volt d.c.; overhead. .. .....................
Chilean Transandine Railway. ... Loa Andes, Chilean-Argentine Border (D}, ........ 43.70 .. .. .. 3,000 volt dc;overhead. ... ... .. L. AU
CHINA
South Manchuria Railway......., Fushun, Colliery.......... ... ... ........... 25.00 43.00 1,200 voltd.c.;overhead. ..... ... ... ... ..l
CUBA:
Hershey Cuban Ratlway......... Havana-Mantanzas. ............................ 86.00 136.00 1,200 voltd.c.;overhead. ........................
United Railways of Havana. ... .. Havana and Suburbs............................ T77.00 101.50 600 volt de;overhcad. ... ... ... L
CZECHOSLOVAKIA:
State Railways. . ............... Tabor, Bechyn, .............o.co i 14.50 ...... 700 volt dc.; overhead. ... ... . Ll
Prague and viciniby...... ... ...l 16.00 40.00 1,500 volt d.c.; overhead. ........................
DUTCH EAST 1INDIES:
Java State Railway. ... ......... Tandjong Priok, Meester Cornelis, Weitevreden. .. 31.00 75.00 1,500voltd.e;overhead........... ... ... .....
FRANCE:
Midi Railway... ............... Bordeaux, Dax, Toulouse aud branches............ 478.00 1,120.00 1,500 volt d.c.; overnead (F).......... .. ... . ...
Parig, Lyons and Mediterranean. . Culoz, Modane .. .............................. 84.00 ...... 1,500 voltd.c;overbead . ... ... oo Ll
Paris-Orleans Railway......... .. FParis, Vierzon and branches. ..................... 149.00 588.00 1,500 volt d.c.;overhead (GY.....................
State Railway of France...... ... Parig, Versailles, and other suburbs ,............. 58.10 150.00 650 voltdes thirdrail. ..o
GREAT BRITAIN:
Great Western Railway.......... Bighop's Road, Westhourne Park, Hammersmith. .. 4.02  9.8§ 600 voltde;3anddrail, ... . ..............
Ealing, Wood Lane.................coooiiine.. 419 8.7 550 volb die thied vail. .. ..o Ll
London, Midland & Scottish Ry .. Liverpool, Southport............. .. ... .. ... 38.00 92.50 600 volbd.e;dvetl. oo
Campbell Road Junction, Barking (N)............ 4.62 13.94 600 voltdesdrail. ...
Heysham, Morecambe, Lancaster.......... ...... 9.16 19.20 6,600 volt a.c.; 1 phase, 25 cycle; overhead.... .. ...
London and suburbs, . ............... . ... 32,75 74.00 600 volt de; drail .. ...
Manchester, Bury, Holcombe Brook.............. 13.50 27,25 1,200 volt duc.; thirdrail. .. ... ... . ... ...,
London & North Enstern Railway.. . Neweastle, Tynemouth.......................... 31.75  80.50 600 volt d.e; thied rail. ...l
Newport, Shildon. ........ ..................... 18.50 48.25 1,500 voltd.c;overhead... .....................
Mersey Railway . ............ ... Liverpool, Birkenhead.. ... ....... .......... ... 4.78 11.86 650 volbde;drail. ...
Southern Railway............... London, Dartford, Orpingfon. . .................. 182.00 501.00 650 volb dee.; third rail, ... ... L L
London, Coulsdon, Sutbon. . .. .................. 40,00 132.00 6,600 volt a.c.; 1 phase, 25 ¢yele; overhead. ... ... ..
GERMANY:
German Government Railways. .. Bavaria ncar Mnnich......................... 372.00 ..., 15,000 volt a ¢.; 1 phase, 1624 cytle; overhead . .
Silesia near Breslan. .. .......... ... e 16§0.00 ...... 15,000 volt a.c.; 1 phase, 1624 cycle; overhead, ‘
Middle Gerroan Brown Coal District near Leipzig. . 114.00 ..... 10,000 volt a.c.; 1 phase, 15 eycle; overhead. ... ... ..
Badennear Basel................. ... ... BA.00 e
Berin and Hamburg Suburhban. . .............. 70,00 ...... 800 volt doc;third rail. .. ..o
HOLLAND:
Nethertands Railways............ Rotterdam, Amsterdam, The Hague.............. 84,52 168.04 1,500 volbd.c;overhead. .. ... .. ...
INDIA:
Bombay, Baroda & Cep. India Ry, Borivli, Bombay, Colaba ....................... 23.00 67.70 1,500 voltd.c.; overhead. .. ... ... ... .. .. ...
(reat Indian Peninsular Railway. Harbor Branch and Bombay-Kalyan loeal lines. ... 44.80 102,90 1,500 volt d.c;overhead..... ... ... ... ...
ITALY:
Ttalian State Railways... ....... Milan, Yarese. ... ... o 35.10 70.20 Ga0voltdee.. ..o
Leceo, Sondrio, Chiavenna, .. ............ .. .... 65.80 65.80 3,400 volt a.c.; 3 phase, 15 cycle; overhead. ... .....
Bozen, Mendel. .. ................ . ... 32,00 ..., 1,200 volt dee.; overhead. .. ... ... . Ll
Giuvi, Veeehia . . ... oo e 13.70 27,50 3,000 volt a.c.; 3 phase, 15 eycle; overhead...... ...
CHILE ¢yeles. Four short sections totaling- 72 miles were electrified bhut

D—Will gperate in unison with electric (lraction of Argentine
Transandine when the latter road has eompleted its electrification.

have sinee been changed to 1500 velts d.c. .
G—Tirst electrification made in 1900 from Paris to Juvisy with 600

- volts d.¢c. Changed to 1500 volts in 1924,
FRANCE GREAT BRITAIN
F—Electrification slarted in 1910 with 12,000 velts, l-phase, 16-2/3 N—QOn Londan, Tilbury & Southend Line, and 'operated jointly with

the District Railway.
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Year
Hlectrified Traffic Affected Reasons for Electrification Results of Electrification
1908 Freight and Passenger {(rades; smoke in tunnel; increase capaciby. .................. Capacity incrcased 100%; tunnei operation improved.
1915 Freight and Passenger Operation in tunmel and resideuce section..................... Tunnel operation facilitated; capacity increased.
1924 Freight..............
1927 Freight and Passenger Heavy grades; difficult to obbtain water; bigh cost of fuel. . ... ..
1o Freight and Passenger Heavy grades; scareiby of fuel................... ... .. .. ...
5 Freight.............. Reduce operating costs.. ... Cost per ton-mile greatly reduced.
Freight.............. Heavy grades; difficult to obtain wafer; high cost of fuel. ... ...
1924 Treight and Passenger Increase capaeiby; heavy grades; scarce coal Capacity inereased; operating economies
1927 Freight and Passenger Heavy grades; tunnel operation....................... ...,
1914 Freight and Passenger
1920 Freight and Passenger Grades; high cosboffuel....................co it
Freight and Passenger Figh costoffuel. ... ... .. ... ... ... . ..
1903 Freight and Passenger Increase capaeiby; conserve fuel.. ... ... ... .. ... ... ...
1928 Freight and Passenger Tunnel operation; eliminate smoke. ............ ... .. ... ...
19251926  Freight and Passenger Conserve fue! by using water power..........................
1910-1925  Freight and Passenger Increase capaeity and speed on heavy grades.................. Capacity increased; fuel sved.
1927 Freight and Passenger Scarciby of [uel; grades and tunnels...................... ...
1600-1924  Froight and Passenger Inerease capacity and facilities; reduce consumption imported coal Capacily increased; annual coal consumption reduced
200,000 tons.
1900-1928  Passenger,........... Improve service; increase capacity..................ooovnnnns Traftic increased by improved service and iucreased ca-
pacity.
1906 Suburban Pagsenger... Ingrease capaeiby........... . ... . ... . Capacity mcreased.
1520 Suburban Passenger...
1904-06-13  Suburban Passenger...
1905-1906  Suburban Passenger...
1308 Pagsenger............
1914 Suburban Passenger...
1916 Suburban Passenger...
1904 Freight and Passenger Improve secvice in effort to increase traffie.................... Trafic inereased
1915 Froight. ............. Great densiby of traffic. ... .......... .. ... Capacity increased.
1903 Passenger............ Tunpel; grades; heavy expense. ..., Business increased; operating economies.
1915-1925  Suburban Passenger... Conserve fuel; increase traffic; increase capacity............... Traffic more than doubled 1915-1920.
1909-1922  Suburban Passenger... Inecrease capaciby.... ... ... .0 ..ceii i
1925 Freight and Passenger Utilize waber power.......... ... ... it
14 ! 27 Freight and Passenger
1671925 Freight and Passenger Use brown coal not suitable for steam locomotives.............
e Freight and Passenger
1924 Suburhan Passenger... Increase capacity; eliminate smoke; general economy...........
1908-26-27  Passenger............ General CeomomLy. ... ... ... .. ... ivieiiiiiiiinieiaanenn.
1928 Buburban Passenger.. .
1825 Freight and Passenger Grades; capacity; reduce operating costs......................
1901 Freight and Pagsenger Incrcase capacity; conservefuel............... U Capacity increased; operating costs lowered.
1902 Freight and Passenger Inerease capaciby; tunnele; heavy grades...................... Capacity and tonnage increased; operatiag economies
1904-1912  Freight and Passenger Increase capaciby; heavy grades............. ... ... .. Operating economies through increased faeilities.
1910-1913  Freight and Passenger Increase capacity; grades; bunnels. . ... .. ... ........ ... Capacity increased; operating economies.
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Railroad Laocation S E—— System of Electrification Installed
Route Track
1TALY:
Modane Bussoleno. .. ..............coooiii 35,00 59.40 3,300 volt a.c.; 3 phase, 1624 cycle; overhead. . ... ..
Ceva, Savopa, Genoa. .......................... 52.90  52.90 3,700 volt a.c.; 3 phase, 1624 cycle; overhead. .. ...
Monza, Lecco. ... ... .o e 23.00 27.40 3,400 volt a.c.; 3 phase, 15 cycle; overhead...... ..
Valli di Lanzo Railway.......... Tuarin, Ceres. .....ovoi s 26.10 ...... 4,000 volt d.c.; overhead. . ...l Ll
Italian State Railways........... Genoa, Bussoleno.............. ... .. ... ........ 145.00 ...... 3,000 volt a.c.; 3 phase, 16%¢ cycle; overhead. .. .. ..
Genoa, Pisa, Leghorn. . ......................... 115.00 ...... 3,000 volt a.c.; 3 phase, 1624 cycle; overhead. . .. ...
Rome, Tivoli, Sulmona.......................... 108.00 ...... 10,000 volt a.c.; 3 phase, 45 cycle; overhead. .
Foggia, Benevento.............................. 63.00 ..._.. 3,000 volt d.c.; overhead. . ............... Lﬁ,
Florence, Pistoia, Belogna. . ..................... B2 00 e e
Naples, Pozzuoli............... ... . .. ....... 8,00 ...... 850 volt d.e; third radl. . ... o
JAPAN:
Chichibu Railway............... Kumagya, Kagemori............................ 35.00 ...... 1,200 volt d.c.; overhead.. ... ... ... Lo
Tmperial Government Railways. .. Usai Pass. ... i e 7.00 7.00 650 volt d.c.; third rail—overhead.. . ... .........
Tokyo, Yolohama, Yokosuka................... 60.00 120.00 1,500-1,200-600 volt d.c.; overhead.................
Tokyo towards Osaka.. ................... ... ... 89.00 151.00 1,500 voltd.c.;overhead.................. ... ...
Yoshino Railway...... ......... Yoshino, Yoshinoguchi.......................... 7.20 ..., 1,500 volt d.c.; overhead........................C
MEXICO:
El Potogi Railway............... El Potosi Mine, Morse Smelter. ..............._.. 15.54¢ 20.88 800 volt d.c.; overbead. ... ........... ...l
Mexican Railway............... Esperanza, Orizaha, Paso del Macho.. ... ... ... 64.00 70.23 3,000 volt d.c.; overhead. ... ... ... oLl
MORGCCO:
Morocean Railways. ... .. ... Casablanca, Tourigha....._............. ... ... .. 86.50 ...... 3,000 volt d.e.; overhead, .......... ... .. ...
NEW ZEALAND:
New Zealand Government Rys. .. Otira, Arthurs Pass. .. .......................... §.40 13,40 1,500 volt d.c.; overhead..... ... ... .. ... ...
NORWAY:
Norwegian State Rajlways....... Narvik, Riksgrensen (P)......................... 26.10 40.39 15,000 volt a.c.; 1 phage, 15 eycle; overhead. .. ... ...
Osle, Drammen. ..........oooieiiee i 31.69 62.14 15,000 volt a.c.; 1 phase, 15 cycle; overhead. ... .. ...
Oslo, Lillesbrom. .. ... oo 13.05  50.95 15,000 volt a.c.; 1 phase, 15 cycle; overbead. ... .....
Notodden, Timmoset............................. 18.64 22,37 10,000 volt a.c ; 1 pbase, 1624 cycle; overhead. .. ...
Rjukan Railway................ Rjukan, Moel.............. ... ... ..., 10060 ...... 10,000 volt a.c.; 1 phase, 1634 eycle; overhead. .. .....
Thamshavn Railwav............ Thamshavn, Lokken............................ 15.00 ...... 6,000 volt a.c.; 1 phase, 25 cycle; overhead, . ..... ..
SPAIN:
Spanish Northern Railway. ... ... Vjo, Busdongo. . .......ooevii i 38.53 49.72 3,000 volt dc.; overhead. . ........... ... L.l
SWEDEN:
Swedish State Railways.......... Riksgrensen, Kirung, Lulea (P). ... ............. 287.00 ...... 15,000 volt a.c.; 1 phase, 15 ¢yele; overhead....... ..
Stockholm, Gothenburg. ........ ... 286.00 ...... 16, 000 volt a.c.; 1 phase, 1634 cycle; overhead. . ... ..
Halsingborg Railway............ Halsinghorg, Raa, Ramlosa. ............._....... 5.00 ...... B00 volt duc..oooveee
Stockholm Rosl: gens Railway . . .. Stockholm, Djursholm.......................... 940 ...... 00 volbdug . ..o e
Mellersta Oster:otland Railway... Linkoping, Vadstena, Motala.................... 470 ... 10,000 volt a.c ; 1 phase, 25 cycle; overhead......_ ..
Nordmark Klaralvens Railway... Filipstad, Karlgtadt and branches................. 101.37 123.32 16,000 velt a.c.; I phase, 25 cycle; overhead. .. ... ...
Stockholm Saltsjon Railway. ... .. Stockholm, Saltsjobaden............. ...t 11.20 ...... L200veolbde.. .o
Lund Bjarred Railway........... Jund, Bjarred, Malmo. ......................... 6.80 ...... 16, 000 volt a.c.; 1 phase, 1624 cycle; overhead. .. ... .
SWITZERLAND:
Bemnische Dekrets Railway....... Schwarzenhurg, Bern, Thun, Spiez, Zweisimmen.,.. 53.00 ...... 15,000 volt a.c.; 1 phase, 1624 cycle; overhead.
Bernese Alps Railway........... Bonigen, Spiez, Brig, Simplon.................... 73.40 ...... 15,000 volt a.c.; 1 phase, 1624 cycls; overhead!_'
Burgdorf-Thun Railway......... Burgdorf, Thun. .. ............ ... ... 25.50 ... 750 volt a.c.; 3 phase, 40 eycle; overhead. .. ...
Emmenthal Ttailway............. Burgdorf, Langnau...................coovvvnns. 13.70 ...... 750 volt a.c.; 3 phase, 40 cycle; overbead. .. ... ...
Freihurg Railway............... Freihurg, Murten, Ins.................. ... ... 2050 ...... 840 volb e .ove e
Martigny, Orsieres Railway . ... .. Martigny, Orderes....................covv s 12.40 ...... §,000 volt a.c.; 1 phase, 15 cycle; overhead. ... .....
Montreux Oberland Railway. . . .. Mentreux, Lenk ................ e 53.45 52.66 1,000 voltd.o.;overbead.. ... . ... ...l
Rhaetian Railway............... Chur, Filisur, St. Moritz. . ...................... 172.00 ... 11,000 volt a.c.; 1 phase, 1624 cycle; overhead. . ... ..
Sihlthal Railway................ Zurich, Wadenswd. ............. ... ..o...oL. 11,20 ...... 15,000 volt a.c.; 1 phase, 1624 cycle; overbead. . ... ..
Swiss Federal Railways. ......... Siraplon Tanmel .. ... 12.45 ...... 3,000 volt a.c.; 3 phase, 16824 cycle; overhead. . . ...
Lucerne, Rupperswil. ...................... ... 3420 ...... 5,500 volt a.c.; 1 phase, 25 cycle; overhead. ........
General System .. ... 810.00 ...... 15,000 volt a.e.; 1 phase, 1624 cycle; overhead. ... ...
TUNION OF S0UTH AFRICA:
Government Railways.......... Pietermaritzburg, Glencos. . ... .................L. 171.00 287.00 3,000 volt de.;overhoad. . .......................
VYENEZUELA:
LaGuatra & Caracas Railway..... LaCGuaira, Caracas. ........c.cooiviiiinn e anns 22.70 ...... 1,500 volt d.e.; overbead. . .. ...,

NORWAY AND SWEDEN

P—The line Narvik-Riksgrensen,

in Norway, with the line Riksgrensen-

Kiruna-Lulea, in Sweden, form a unified system from the Atlantic
ta the Gulf of Bothnia.



I—(Concluded)

Erectricar OpERATION ON STEam RAILRoAD LiInes

ELECTRIFICATION OF STEaM RAILrROADS COMMITTEE

11

Yoar
Electrified Traffic Affected Reasong for Electrification Regults of Electrification
1912-19i14  Freight and Passenger Increase capacity; comserve fuel. .. ... .. .. ... .......... .. Capacity increased; operating costs lowered.
1914-1921  Freight and Passepger Heavy grades; tunmels; water power.........................
1914 Freight and Passenger
1921 Freight and Passenger
1922-1926  Freight and Passenger National policy; conserve oeal; use water power...............
1926 Freight and Passenger National poliey; consarve coal; use water power. . .............
g Freight and Passenger National policy; conserve coal; use water power...............
‘?% Freight and Passenger National policy; conserve coal; use water power...............
192 Freight and Passenger National policy; eonserve coal; use water power. ..............
1927 Buburban Passenger.., National policy; conserve coal; nse waber power...............
1922 Freight and Passenger Heavy grades......... .. e
1910 Freight and Passenger Incroase capaciby; grades; bunnels. . .........................
1910-1923  Freight and Passenger Increase eapaciby.............o.iiiiioiiiiriiiiiiiiieeenns Capaoity increased.
1924-1928  Freight and Passenger Heavy grades...............coiiiiiiininiiiiiiiianiiien.
1922-1923  TFreight and Passenger Heavy grades..........coovvrriiiin i naaias
1924 Freight.............. Capacity; grades; rogeneration; economy . .................... Capaciby increased; operating econsmios.
19241927  Freight and Passenger Heavy grades; comservefuel................................ Operating cconomies; serviee more satiglactory.
1924
1924 Freight and Pagsenger Heavy grades; Smilesof tunmels. ........................... Capacity increased; smoke in tunnel eliminated.
1923 Freight and Passanger Gradeg; save coal; use water power.................... ... ...
1922 Freight and Passanger Natienal polisy; save coal; use water pewer...................
1925 Freight and Passenger National poliey; save coal; use watar power...................
1312 Freight and Passenger
1911-1912  Freight and Passenger
1908 Freight.............. Heavy prades; higheostof fuel......................... . ..
1924 Freight and Passenger Heavy grades; 16 miles of tunnsls; increase sapacity........... Capaoiby multiplied about 3 times.
1915-1923  Freight and Passenger Save fuel; use water power. ................. . iiiiiiiian,
19251926  Freight and Passenger Save fuel; use waterpower ... .. ... ... ... ..o .
1906
1893 Suburban Passenger. ..
1908-1915  Freight and Passenger
1921 Freight and Passenger Reduce transportation charges. .................... ... . ... Most favorabte.
1913 Suburban Passenger.. .
1916 Passenger..._........
1920-1923
it k 27 Freight and Passenger Utilize available water power. ............... ...l
\TﬂQ Freight and Passenger Increase capacity; conservefuel. .. .. ......................
1919
1903
1910 Passenger............
1601 Freight and Passenger
1913-1922  TFreight and Passenger Save coal; heavy grades; increase capaoity.................. .
1924
1906 Freight and Passengar Heavy grades; tunnel; save coal; use water power. ............
1910
1918-1927  Freight and Passenger National poliey; savo coal; use water power.. ..............._.
1926 Troight and Passenger Increase capacity over heavy grades......................... Reduction in running Gimo; better service.
1927 Freight and Passenger Increase spoed to compete with motorbuses.. .................



http:grades........................................�

TABLE II

PHYSICAL CHARACTERISTICS OF (JPERATION ON DLECTRIFIED SECTIONS OF STEAM RAILROADS
Part 1: UNITED STATES—YEar 1927

j Electric Passenger Eleciric Freight Electric Passenger Passenger Car
Track Tunnels Ruling Grade focomotives Locomotives Motor Cars Trailers Capacity
28 | e | B O 2| s | £ |2
. p S ols | B8 |G £ |2 s | & 2|8 SN
Name of Railroad 5 A 3 ‘a5 © P ™ & B s “ g
52 g = | &£, 1 5E g | & g g E g |, | £ | §]¢
2 u o - @ = ] E! ] = 5 i} E & -
ZE 3 B e 2 8% | 2 g E 2 £ E k= £ £ 4 E g £
2 ag E E -3 ﬁ LR A E i 7 g % i E v 5 [E = a 2
o o2 E & E g o 3 ) ;] E] o E} a a 3 o 4] T
I} == P - 3/ e 3z =3 7 = = “ = = 7z = = 2 = ~ o
Tns. | Miles | No. | Ft % | Pt | Des | No. | Lb. |HE. | No Lb. | HP. | Mo, | Lb. |HP | No. | Lb. | No. Tons
BALTIMORE & OHIO RATLEOAD:
Staten Island Lines..... ....... .. .| 56 5| 5000 { 609 | 1.82 3,000 | 3.0 oo oo e e e a0 | 95,750 | 400 | 10 | 83,265 | FE |......
Baltimore Tunnel (b}... ... ....... .| 56.5 7 96 g 0,601 | 1.32 1,000} 57 8 1 242,000 | 1,100 €& | ... oo e e 3 S
DBoston & Maine Railroad Co.. ... ... | 56 5| 21 38 1 25,080 | 075 4500 | 4.0 (@ | ... 7 261,800 | 1,260 ... .. ..ol B I ) 5
Butte, Anaconda & Pacific Railway Co.. .| 56.5 | 122.75 5 1,656 | 0.30 | 31,680 | 5.0 1 160,500 | 1,230f 27 160,500 | 1.280 .....[.. .... P e 72 50
Chicago, Milwankee, St. Paul & Pacific...| 56 6 | 878 47 | 41 | 243,036 | 1.74 | 100,320 | 10.0 | 15 | 620,000 | 4,200 42 | 576,000 | 3.440.....|.. ... R R R 8 8
Delaware Lackawanna & Western R.R. (k)| 56 5 1.08 (... .| ........ RPN N [+ 1 ¢ N AR P 1 102,840 2200 ... L VR PR IR I S
Detroit, Toledo & Tronton Railroad Co... .1 56 5| 50.05 |......| ........ 0.25 1,000 ..., R P 2 372,000 | ...l U P B O P S
Ere Raillroad Co....................... 56.5 | 3623 |.... ... 0.R8 2,620 | 4.0 | ..o e e o 8 |117,100 | 400 4 | 66,000 76 |......
Fort Dodge, Des Moines & Southern R.IL.| 56 5 | 105.95 |......|......... 1.50 | 6,600 | 8.2 |...... A I 12 | 120,000 | 88C| 13 | 84,000 | 300 | ... .|........ 48 | 25
Great Northern Railway Co. ............ 565 | 31.70 6 20,803 | 2.20 | 95,040 | 10.0 4 | 715,400 | 4,330] (@) |...... o] AU R R 3 S
llinoig Central Railroad Co..............| 56.5 | 12710 | ... .| ... o) oo naae]es [ Y I POV P PO 130 141,301 [1,000 | 130 | 88,546 | 84 |......
Long Island Railroad Co..... .......... 56.5 | 424.40 1 3,500 | 1.30 5,800 | 4.0 g | 313,000 | 2,130 7 316,000 | 1,460| 742 |129,650 | 900 | 250 | 75,000 | &0 3
Michigan Central Railroad Co..... ... .| 56.5 | 28.55| 1 8,368 | 1.50 | 4,805 | 20| 12 | 240,000 | 1,120( (&) | .......o|ooiiifiinnl AU PR PR PR 8 8
New York Central Railroad Co. ... .. 56.5 | 326.64 2 12,460 | 0.57 1,970 |...... 83 | 285,000 | 2,000 9 354,000 | 2,660 325 |133,000 | 240 |..... |........ 100 3
N. Y. N. H. & HARTFORD RAILROAD:
Woodlawn to New Haven incl. Harlem
River Branch.. .......... .. ..., .| 56.5|509.88 (... .|....... 074 1,715 | 30| 71 | 356,000 | 2,508 70 282,000 | 1,345 63 |176,000 | 680 | 103 (103,600 | 120 3
New York to Woodlawn {e}............| 56.56 | 48.71 1 9,150 | 0 74 1,880 | 6.0 | (D |.....ooi]vennn (3 T U PO m |..... .. AU PR R B P
Stamford to New Canaan...... L1565 9.7 | 1.40 528 [..... () N T P (7 1 P F M o
South Norwalk to Danbury............ 56.5 | 31.01 [......| ........ 1.27 1,684 L.O| (O | o] (o 100 P T ({3 1 PP AU BRI U U P
Port Morris to Fresh Pond and Snnny-
side Yards. . ........... ... ........ . 9580 ... 1,22 [,056 |...... @ | e () (0 PSS FU AU DU PO B
Providence to Fall River. . .. 4850 |, ... ... 1.29 056 | 6.0 | ....ooon o] .. o 24 (102,000 |.. ...| 41 |[.. ..... i
Nantagket Beach {g) 56. 16,61 ... 0.3% 1,452 | 9.0 ..., oo 8 61,80 320 |......0........ 5 ...
New York, Westchester & Boston Ry. Co. .| 56.5 | 83.10 1 4,000 | 2.60 1,500 | 4.0 | ... ... evein 1 160, 000 768 70 |125,000 | 340 5 | 88,000 | 80 5
Norfolk & Western Railway Co.......... 56.5 | 209.54 | 17 16,800 | 2.00 | 18,480 | 12.0 |......|.........]..ooe. 16 864,000 | 3,000, .. ... oo e 100
PENNSYLVANIA RATLROAD (CO.
Philadelphia Terminal........... ... B85 112465 | .. ... 1 | 408,600 | 3,070 3 516,000 | 4,000 158 (118,600 | 450 |...... e .| T2
New York Terminal 56.5 | 110.08 6 .. ... 200 ... | 50 | 396,600 | 3,730 ...l L N R
Camden to Atlantic City............ 10865 [ 1508 | e e ] BT I 107 106,000 | 470 |...... PN B S
Southern Pacific Co..... ............... 56.5 | 118.28 1 467 | 5.25 1,940 | 15.0 | oo ] 87 |117,400 | 560 | 60 | 67,200 | 116 |......
The Virginian Railway Co.,..... ..... .1 56.51 231.001 19 18,480 | 2.07 | 63,360 | 12.0¢{.....d.........1...... 14 1,282,380 | 7,125/.. ...L.. ... ... ... R PR R 120
Part 2: Couwrtries OTHER THaN UNITED STATES— YEAR 1927
- 7 |
ARGENTINA: j
Buenos Aires & Western Railway ..., .| 66.0 | 78.30 2 19,685 | 3.8 410 [ 7.0 | 2 137,812 | 920 | 61 (123,480 | K00 | 97 | 78,280 | 63 |......
Central Argentine Railway...... .....| 880 | &3.77 |.. ... ....... 0.8 5,014 | 2.1 | ] e e 73 |113,100 | 500 | 54 | 80,000 94 |......
AUSTRALLA:
New South Wales Gov. Railways (j3... | 56 5 | 143.60 |......|.........|.....] ..ooonn. o 251 |109.760 | 720 | 251 |........ 81 |......
_ Victorian Railways. .. ... ...... ... 6 404 .50 3 1,075 | 25 e 4.3 R P Ve e 2 112,000 | 760 | 384 {. 360 | 560 | 460 | 61,600 | 92 45

Zl
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AUSTALA:
St. Polten, Mariazell, Guaswerk....... 300
Vienna, Hainburg. .. ... .| 365
Stainach- Irdmng, Attnang-Puchhelm., .| BB 5
Bregenz, Tomshruck, ete.............. 56 5
Innsbruck, Worgl,-Kulstein (z)........ | 56.5
CANADA:
Canadian National Railways:
St. Clair Tunnel.. .. | 86.5
Mt. Royal Tunnel Montrea] . Q. .| 56.5
CHILE:
Chile Exploration Co............ .... 56.5
Durca East InpiEs:
Java State Railway (G)........... ... 42.0
FRANCE:
Midi Railway Co. G)............ ... B4.5
Paris-Orleans Railway Co........ ... 56.5
GREAT BRITAIN:
Mersoy Rallway Co.............. .. 56.5
London & North Eastern Ranlway
Newcastle, Tynemouth. . .. .. | 56.5
Shildon, Nawport......... ....... 56.5
Southern Railway Co
London-Dartford-Orpingten. . . . .. .| 56.5
London-Coulsdon-Sutton. ., ... .. .. | 56.5
HoLLaND:
Netherland Railways ........... ... 56.5
MEXICO:
The Mexican Railway Co, Ltd. ..... | 56.5
El Potosi Railway.................... 30.0
Moznoceo:
Morocean Railways 3).............. .. 56 3
NEW ZEALAND:
New Zealand Government Railways. .. | 42.0
NORWAY:
Norwegian State Railways:
Narvik, Riksgrensen ,............. 56.5
Oslo, Drammen .............. )
Oslo, Lillestrom. ... .... e .. .| BB5
Notodden, Tinnoset,.......... . 56.5
SPAIN:
Spanish Northern Railway Co....c .. | 66 0
SwEDEN:
Nordmark Kiaralvens Railway. .. .. 35.1
BWITIERLAND:
Montreux-Bernesa-Oberland Railway .. .| 39.4
. 31.5
UNION OF SOUTH AFRICA:
South African Railways (5)......... .. 42.0

*37.76

20.37
75.00
1,120.00 ..

501.00

169.04

70.23
20.88

“86.50

287,00

*36.78 | 21 14,810 ) 2.5 |........ 21.8 | 16 | 108,927 450 (a} | ...
.............. 3.0 |........| 7.0 15 | 116,865 800 (&) |. ... ... ... T

*6.74 | 10 10,066 | 2.5 |......... 7.0 14 | 134,506 | 1,360 & 172, 430 1,620)......

138.42 | 15 49,343 [ 3.1 ... 7.0 32 | 259,749 | 2,480 29 172 430 | 1,620.. ...
82347 2 24,220 | 2.3 .o @ oo €T IR RO P

1§.00 1 6,025 | 2.00 4,890 | 0.0 (... 7 141,000 7200, ... ..
20.16 1 16,632 | 0.680 | 15,576 | 2.0 6 166,000 | 1,260[......0..........0 ..... 2

..... 2.6 |22 ] 9 152,000 560)......
................................ 4 | 174,000 | 1,510 3 154,500 | 1,220f 15
................................ 10| 229,320 | 2,100 90(a)| 158,760 | 1,400{ 31
388.00 2 14,320 | 0.60 | 11,590 | 0.0 5 | 260,000 | 4,400|148(a)| 104,000 | 1,720 80
11.86 3 18,876 | 3.70 LITS | 0.0 0 i e e s 28
80.50 6 5,343 | 2.1 64 48, 2 125, 440 70 T

48.25 U R 0.6 3281 00 ... . ... 10 166,880 | 1,100/......|..

13 26,000 | oo e e .. 433
132.00 5 536 | e e ] e e 71
........ A8 L. i1 118

16 3,563 [ 4.00 | 154,288 | 17.5 | 10 | 340,000 | 2,700| (a) FPPURU DU

AU PO 2.50 9,820 | 44.0 6 52,000 400(......
........................... w | ......... 1,400 10

13.40 1 28,050 | 3.0 36,060 | 5.8 (a) !....... 5 112, 000 680, ... ..
4039 § 23 15,257 1 0.0 | ... .... 0.0 .oooilovi e 8 299,880 | 2,800/.. .

62.14 5 1,506 | 1.4 27,560 | 6.2 2 | 170,888 | 1,150 22 135, 166 3400 ... ..
50,95 LU 2.5 9,187 | 2.2 @) |l 9 147,204 | 1,400 ..

22.37 3 1644 | 2.7 | oo e 3 101,430 300......

49721 70 83,650 ( 2.00 | 182,500 | 8.7 (&) |.... .. .|...... 12 178,600 | 1,620(. ...
123 .32 1 163 | 1.2 15,027 | 5.8 (@ [......... 15 39,500 85 1
59.66 | 18 13,964 | 7.30 44.0 3 30,870 2400 (@ | 30

............... LE || @ o] 85 147,840 | 1,200 ... ..

30,000 | 18| o | 172007 27| Ll
......................... s3 1 g
164,000 | 500 |......|... ... 86 ...
.................................. 70
460 | 15 |

90,325 | =

130,000 | 990, 80 | 75,400 | 143 | 15 >

(o]

91,728 | 500 | 40 | 64,288 | B4 |...... 5

92,288 | 300 | 55 | 67,344 | 72 |...... =

N TR IO AR E

01,840 | 600 | 452 | 61,600 | 90 |...... S

133,880 |1,600 | 164 | 58,240 | 82 |...... :

132,300 | 800 | 115 | 88,200 | 88 ;

.................... 180 | 30 E
......................... 17

E

....... 700 |...... ol

B3

—

............................. =

=

(=

>

=}

........................ g

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

..................................... C

...................................... z

............................ 9 | 2 E

60,400 | 120 |...... 0 | 20 r
79,3%0 | 600 ... |........ 68 | 17

Length of Electric Track includes Main
.Track, Yard, and Siding Track in elec-
tric zone (go far as eguivped for electric
operation).

Ruling Grade refers to grade against heavi-
est traffic and to curves on this grade.

GENERAL NOTES

Average Number Trains Daily is number
run in_both directions.

Number Cars Moved Daily is total cars in
all trains, beth directions.

Migures expressing length have been con-
verted to (1) the English Foot, and. (2)
the Mile of 5,280 ft.

Maximaom Weight, Maximum Capacity, and
Maximum Haorsepower refer to the larg-
est equipment used in e¢leciric operation
and not to conditions of loading. The
horsepower, is generally the one-hour rat-
ing.

Fuwures expressing weight have been con-
verted to (1) the Pound Avoirdupois,
and (2) the Ton of 2000 1h. This
applies likewise to the Ton-Miles and
Kilowaif-hours per Ton-Mile.

¢l



TABLE II—(Continued)

Prysicar CHARACTERISTICS OF (JPERATION ON ELECTRIFIED SECTIONS OF STEAM RATLROADS
Part 1: UNITED STATES— YEAR 1927

Average Cars Average .
No Trawnsl Moved Schedule Car-Miles in Year Freight Energy Supplied Energy Used
Daily Daily Speed Service
1 | 3 :
Nawe of Railroad E 2 3 - 3’5'2. E_': g.aé g g gg E
. g y 5 & ¥ E: 3 g2 85 | B, | o84 24 | BOE
Dl | ¥ oz @ = E % k=R W & 53 3c EZ | 88s %9 | &°
s18/ 5158 |4 : ) g 5 3 22 Az eR | 338 | oo | B6E
E | 3|8 | ¢ 3 3 43 g ] 58 53 T 582 (3
SlE 4208 &) & 1§ | B g ;a 25 a5 | A3 | 38D BRI
Gross
Ko. | No.| No. | No. (M.p.h.IM.p.h. No. No. ‘Ton—i\ziles Kw-br Kw-hr. Kw-hr. Kw-hr, | Kw-hr,| Kw-hr. %
BavrmMore & OE10 RAILROAD:
Staten Island Lines................ .. 418 |....0 87 ... 25 (... 2,699,858). . .. e 15,232,372, ... ........ 330 ) T 0.0
Baltimore Tunnel (b)............... oL 20 1820 Q00 TL576,8500. . 0.0
Boston & Maine Railroad Co. . 12 | 30 811,556 28.8 | 15.0 211,289] 3,623,189) 168,386,610[............ 7,497,225 7,379,000 ... ... L PS. | 0.0
Butte, Anaconda & Pacific Ral way Co 4| 6 12| 514 30.4 [ 13.4 116,038 4,887,338] 187,971,439|............. 19,252,657 . ............ 1.60 393 | 102.4 |88 0.0
Chlcago, Milwaukee, St. Paul & Pacific. . 44.... 40 254 30,8 13.0 9,602, 010(61,077,169(2,308,702,289. .. .......... 148,360, 111} (c)90,085,420) 2.35 098 259 | T 16.4
Delaware, Lackawanna & Western R.R. (k) ..... R U B A PP P, BB, 70 . L] 0.0
Detroit, Toledo & Ironton Railroad Co....|.. ... T L D e O e e ! Y {h)
Erie Railroad Co., ...................... 24 \....] 58..... 28.0 ...... 537,756 2,396,376 2,060,879 3.83 |......|........ 8.8, 0.0
Fort Dodge, Des Moincs & Southern RR.| 36 | 9 36| 204 28.0) 15.0 472,753] 2,506,006 90,341,557 34, 785,000(... ... e e 0.0
Great Nortbern Railway Co............ |..... U PPN S FUT U FUTSSRRTIY IO PSSR FUSUIDUIISUEY MO PRSI DRSPS PRI PR RO (h)
Iinoig Central Railroad Co.............. 47 (. ...|2,100(. .. .. 2501, ..., 0,361,914, . ... 48,785,223  48,785,223) ()5 200, ...} .o 8.8 0.0
Long Island Railroad Co................ 895 ]....15,370..... 32.0]......| 40,014,720].......... 11,307,960, ............ 202,255,000] 151,200,000 4.59 |.. ....|.. ..... 3.3 0.0
Micbigan Central Railroad Co........... 38 | 47| 357)1,617) 15.3 | 8.5 364,900(21,241,100|  68,223,900............. 11,686,125 4,005,400 .. ...l o] 0.0
New York Central Railread Co.......... 497 |135 |4,800(1,900) 31.5 | 13.5 | 21,879,280, .........|............. 218,193,262, ............ 152,420,190, ... ...l e 0.0
N. Y., N. H. & HartroRD RAILROAD!
Woodlawn to New Haven incl. Harlem
River Branch......................... 189 | 55 |1,487|2,400 40.0 | 20.0 | 23,665,853|55,876,980(1,913,752,019] 136,850,000| 55,868, 500( 154,926,800 3.50 0.85 | 24.7 | T, 0.0
New York to Woodlawn (e) ............ 181 |....|1,120]. ... 300(...... 5,774,665 ... ... 22,380,700; 18,667,400 280 | ... ... .. ..., T. 6.0
Stamford to New Canaan. . ... 80 2 72 10) 26.0 | 15.0 208, 050 28,835 980, 390 () ) {f) 6] n o (.....| 0.0
South Norwalk to Danbury o1t o8 510 100 26.0 1 15.0 441,285 867,780 29,504,520 () D (W) (0 n @ ... 0.0
Port Morris to Fresh Pond and Sunny-
side Yards. . ................ ...... 18 22| 1731,170| 20.0 | 20.0 315,855) 4,186,201 140,650,484(............. 5,402, 000 5,402,000 3.50 094 | 275 [ T. 0.0
Providence to Fall River. ., ..,. .. ..| 46(....] 92)..... 23.0]...... 927,497, ... 5,677,000 5,677,000, ... ... 0.0
Nantasket Beach-(g).................. 36 (....] 114..... P P Y PR I 376, 000 376,000 . ... o] 0.0
New York, Westchester & Boston Ry. Co..| 259 | 2| 550[ 30 32.0 [ 15.0 3,408, 500 L3500 .. 20,315,596 20,315,586 5.68 | 14.01 |..... ... T. 0.0
Norfolk & Western Railway Co..........|..... 37 ... 1,678 R P S PN 836,346,367 82,586,022 5,000 72,846,128/........0....... B7.0 | PS. | (b)
PEnNsYLvaNIA RaTLROAD Co.:
Philadelphia Terminal,.............. .|.....|. ..., 30.01...... 4,300,659 ... 48,708,600 31,402,111] 7.30 ... ...l 5.3, 0.0
New York Terminal........ ....... 200 (... (1,800(.. ... 400 [ (264,185,040 43,390,350 75,909,208 . .......L. ...l . ... 88 | 0.0
-Camdon to Atlantie C‘]ty ...................................... 4 185,900 ... o] e 39,087,600 18,673,841 4.46 |, ... ... |........ 3.8, 0.0
Southern Pacific Co........ .. .... ... 804 |....|1,484). ..., 17.71...... 4 181,188 .......... ... 28,034,4000, .. .......... 22,277,300 5.33 |............... P, 0.0
The Virginian Rallwa_v Co .................... 201 NL,434 .. . 33,780,054/2, 058,497,280 114,245 000........... .. 107,966,440, ... ..., 3.20| 5.8 | P8 9.1
Part 2: Countries OtHER THAN UnNITED STATES— YEAR 1927
ARGENTINA:
Buenos Airag & Western Railway. . ... .. 317 | 51,609 70 27.6 7,728,936/ 564,882)............. 27,076,764)............. 23,614,498 3.00 |.......]........ 38.] 0.0
Central Argentine Railway. . .......... 202 [0 35.20...... 6,732,868 ........ ... 28 127,644/ ............ (t)24,474,695] 3.64 |.......|........ P3| 0.0
AUBTRALIA:
New Scuth Waleg Gov, Railways (j). . .. P ”
Victorian Railways. .................. 2,57, ) |12438) 44 22.01|...... 38,054,040 452,429 6,242, 751| 179,755,507 29,067 118, 10[‘ 3.71 0.62| 4.6 | P3| 0.0

¥I
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AUSTRIA:

St. Polten, Mariazell, Gusawerk........ AU T

Vienna, Hainbuwrg. . ....ooveovvvnnn. .t
Stainach-Irdning, Attnang-Puchheim. .. .
Bragenz, Innghruck, ote...............
Innsbruck, Worgl, Kufstein {z).........
CANADA:
Canadian National Railways:
St. Clair Tunnel....................
Mt. Royal Tunnel, Montreal, P. G. ..
CHLLE:

Chile Exploration Co................. e

Dutrce EAsT INDIRS:
Java State Railway (). ...............
FraAwCE:
Midi Railway Co. (1)...... [
Paris-Orleans Railway Co.............
(GREAT BRITATN:
Mersey Reilway Co..ooooooooinl ..
Londen & North Eastern Railway:
Newcastle, Tynemouth. .. ...........
Shildon, Newporb. ..................
Southern Railway Co.:
Londen-Dartford-Orpington. .. ... ...
London-Coulsdon-Subton............
Hovranp:
Netherlend Railways..................
MEXICO:
The Mexican Railway Co., Ltd........
Bl Potosi Railway....................
MoroCgo:
Moroeean Railways ()................
NEW ZEALAND:
New Zesland Government Railways. ...
NORWAY:
Norwegian Stats Railways:
Narvik, Riksgrensen................
Cslo, Drammen., ...................
QOslo, Lillesbrom. . ..................
Notodden, Tinooset.................

PATH:
Spanish Northern Railway Co..........
SWEDEK:
Nordmark Klaralvens Railway.........
SWITZERLAND:
Montrenx-Bernese-Gberland Railway.. ..
Ux1oN OF SOUTH AFRICA:
South African Railways (}............
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*—Route miles

a—DPassenger and Freight I.ocomotives
b—ZElectric serviec one direction only
c—Measured at Locomotive
d—Ineludes Eleetric Heating
e—0Operates on tracks of New York Cen-

tral
f—1Included in Woodlawn—New Haven
Section

g—Summer serviee only
fh--Regeneration not computed
i—Power sold to other companies

j—Information

yard

1-—Third class
m—Train miles

n—Estimated for 1523

from technical journals
k—ZElectric operation of isolated freight

SPECIAL NOTES

o—Per 1000 ton-miles passenger service

p—Freight and passenger service

o—Nct ton-miles

r—0Gtoss ton-miles freight and passenger
SETVICE

t--Higb tension at Power Station or
Substation

v—Approximate figure by test

x~—For six months, June-November, 1927

)

z—Placed in serviee during vear. Equip-
ment included in section Bregenz,
Innsbruck, ete.
S—Standard railroad equipment
T-—At train
P.S.—At Power Station
S.5,—At Substations
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APPENDIX I

ELECTEIFICATION OF THE VIRGINIAN RAILWAY FROM A TRANSPORTATION
STANDPOINT
By F. L. JorNson, Assisiant to Vice-President
Operating Dept., Chicage, Burlington & Quincy Raoilroad Company

The main line of the Virginian Railway extends
from Deepwater, W. Va., where connection is
made with the Chesapeake & Ohio Railway, to
Sewalls Point at Norfolk, Va., a distance of 4424
miles. The rich New River and Pocahentas coal
fields lie near the western terminus and are served
by the main line and numerous branch lines hetween
Deepwater and Mullens, W. Va. The coal from
nearly all of these mines is collected in Elmore
Yard, just east of Mullens, and is handled from this
point to tidewater at Norfolk. The line is single
tracked, except from Mullens to Matoaka, 22 miles,
which is double tracked and includes the maximuin
grades, and except from Carolina Jct., Va., near
Norfolk, to Sewalls Point, Va., which is also douhle
tracked.

The division from Mullens to Reoanoke, a distance
of 133.7 miles, traverses a rough, mountainous ter-
ritory and contains nineteen tunnels, the aggregate
length of which is approximately three and one-half
miles, grades up to 2.07 per cent and innumerable
curves, the sharpest of which are twelve degrees.
This division presented very serious operating diff-
culties under steam power and has, therefore, heen
electrified for the purpose of eliminating some of
these difficulties and of increasing its capacity.

Numerous articles hive been written and reports
made covering the electrified operations of the Vir-
ginian Railway Company, almost wholly from tbe
standpoint of power plant, substation, overhead con-
struction, and electric locomotives. Reference is
made to Circular No. DV 463, issued by the Me-
chanical Section of the American Railway Associa-
tion, covering report of Committee on Electric Roll-
ing Stock, dated May 9, 1926, also to Circular No.
DV 536, of the American Railway Association, re-
port of Committee on Electric Rolling Stock, dated
May 7th, 1927,

Tt is felt that the above features have been quite
fully covered; hence, this paper will give considera-
tion to the operation of the railway from a trans-
portation standpoint.

Traffic Problem Unique

The reader should understand in the beginning
that the conditions as to class of traffic handled and
its destinations are, to a very great extent, peculiar
to the Virginian Railway, and perhaps have no
counterpart in this country {unless it bc the move-
ment of iron ore by the Great Northern Railway
from the mines to “Ilead of the I.akes”), in that
the tonnage eastbound consists very largely of coal
originating at mines located on its western sub-
division north and west of Mullens and moving to
tidewater at Norfolk, while westbound the move-
ment is very largely empty coal cars.

The fact that such a large percentage of their
eastbound traffic consists of coal moving to tide-
water makes it, from a transportation standpoint,
not only easy but very desirable, as an ccononical
operation, to handle it in the largest umits possible

with safe operation; hence, the Virginian Railway [ =~

has used very high capacity equipment for the han-
dling of coal, having several hundred coal cars with
a capacity of 70 tons and something over 2000 with
a capacity of 120 tons, none of its coal carrying
equipment having less than 55 tons capacity.

The use of such equipment has naturally called
for special design as to trucks, draft ngging, draw-
bars, and air brakes. The cars of 120-ton capacity
are not interchanged with connections hut are used
exclusively between the mines and tidewater. The
same is true, to a very large extent, of cars of 70-ton
capacity.

The track of the Virginian Railway is laid with
100-1b. and 130-1b. rail and is rock ballasted, bridges
and everything connected with maintenance of way
being constructed and maintained on a basis that per-
mits the safe handling of not only cars of large
capacity but heavy power and heavy tonnage trains,

Between Roanoke and Mullens, curves are nu-
merous, with a number as sharp as 12 deg.

No high speeds are attained, for the following
reasons :

1. The traffic conditions do not demand same.

2. It would not be possible to handle safely trains
of the length and tonnage handled on the Vir-
ginian Railways at such speeds as many rail-
rcads handling a diversified business find it
necessary to do.

3. The electric locomotives in service have but two
constant speeds, viz., 14.2 and 28.4 miles per
hour, and the maximum safe speed at which
they can operate is 30 miles per hour.

Coal from mines located on the main line between
Deepwater and Mullens and on the various branches
of the New River division is handled from the mines
to Elmore Yard (Mullens) by steam locomotives,
and at [Flmore consolidated for main line move-
ment to tidewater, During the year 1924 (which
was the full year immediately preceding beginning
of electrification of the section from Mullens to
Roanoke) the Virginian Railway handled 7,440,832
net tons of coal, while during the year 1927 (the
first full year after completion of electrification) it
handled 11,825,101 net tons of coal.

In the movement of eastbound traffic from Elmore
Yard to Clarks Gap, Mile Post 361.5, summit of the
Allegheny Mountains, a distance of approximately
fourteen miles, the maximum grade is 2.07 per cent
and the average grade for the entire distance is 1.85
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per cent, while descending to the east the maximum
grade from Mile Post 361.5 to Mile Post 352, a
distance of nine and one-half miles, is 1.25 per cent,
with an average over the entire distance of 0.575
per cent. From Mile Post 352 to Mile Post 338.6,
a distance of 13.4 miles, there is an ascending grade
of a maximuwn of 0.6 per cent, while from Mile Post
338.6 there is a maximum descending grade to Mile
Post 328, a istance of 10.6 miles, of 1.5 per cent,
with an average of 1.35 per cent, and from Mile
Post 325.4 to Mile Post 321 .4, four miles, there is
2 maximum descending grade of 0.80 per cent, with
an average ol 0.689 per cent. Otherwise, the maxi-
mum grade against eastbound traffic is 0.2 per cent.

The capacity of the Virginian Railway to move
eastbound business is, due to the origin of its ton-
nage, practically limited to that which can be moved
from Elmore to Clarks Gap. Before electrification,
it required one 2-8-8-2 locomotive, with tractive
effort of 101,300 pounds, and two 2-10-10-2 loco-
motives, with tractive effort of 147,200 pounds each,
as helpers, to move a train of 5500 tons irom Elmore
to Clarks Gap, and the time in transit was from two
hours to, in some instances, five hours. From Clarks
Gap to Princeton, one 2-8-8-2 locomotive handled
5300 tons. At Princeton the train was filled to
10,000 tons, was given helper engine irom Prineeton
to Oney Gap Tunnel, a distance of two miles, and
another helper engine from Whitethorne to Merri-
mac, a distance of nine miles. From Roanoke to
Victoria, a Mikado type 2-8-2 locomotive, with trae-
tive effort of 60,800 pounds, handled 7000 tons,
while from Victoria to Norfolk the same type loco-
motive handled 7700 tons.

Owing to the heavy tonnage handled and the dii-
ferent classes of equipment used, it was necessary
to classify the cars accordiug to capacity, placing
the 120-ton capacity cars on the head end, 70-ton
capacity cars next, and lighter capacity cars on the
rear. This situation has not been changed by elec-
trification.

The first move to increase the capacity of the line
was the purchase of heavier motive power, later fol-
lowed by the construction of a second track from
Mullens to Mataocka, a distance of 22.02 miles, and,
still later, the zlectrification of the Mullens-Roancke
subdivision. With the present electric locomotives,
the Virginian Railway is handling from Elmore
Yard to Clarks Gap, with one electric road locomo-
tive and one electric helper locomotive, trains of
6000 tons. At Clarks Gap, trains are filled to 9000
tons and are handled by the one electric road leco-
motive from that point to Roanoke, a distance of
118 miles.

Since electrification, the 2-10-10-2 engines
formerly used as helpers between Elmore and Clarks
Gap have been assigned to the Roanoke-Victoria
subdivision and are handling 12,000 gross tons,
while the 2-8-8-2 USRA engines have been assigned
to the Victoria-Norfolk subdivision and handle
11,500 gross tons.

Between Norfolk and Roanoke two local pas-
senger trains each way daily and one local freight
train each way daily except Suuday are operated;

between Roanoke and Princeton one local passenger
train in each direction daily and one local freight
train in each direction daily except Sunday are op-
erated; and between Princeton and Eimore, a dis-
tance of 35 miles, three passenger trains each way
daily and one local freight train each way daily ex-
cept Sunday are operated. Thus it will be seen that
the through freight traffic has little interference. [t
is the operating practice to put passenger trains,
local freight trains, and westhound through freight
trains on the passing track at meeling points.

On a trip which [ recently made over the Vir-
ginian Railway, the train left Elmore Yard at 8:06
a. m. with 6000 tons, with an electric road lecomo-
tive and a helper, arrived Clarks Gap, a distance of
about 14 miles, at 9:03 a. m.,, filled train to a total
of 9000 tons, departed Clarks Gap at 9:40 a. m,,
and made the run from Clarks Gap te Roancke, a
distance of 118 miles, without stop, arriving
Roanoke at 408 p. m. It is the usual practice for
eastbound freight trains to stop at Whitethorne for
an inspection of the train, but in this instance such
stop was not made, as, between Clarks Gap and
Whitethorne, we had met both the passenger train
and the local ireight train, whose crews evidently
inspected train as we passed and reported same in
satisfactory condition.

Constant Speed Locomotives

Due to the constant speed of the electric locomo-
tives, it is said that when a train leaves Clarks Gap
the train dispatcher can tell at exactly what time it
will pass various telegraph stations, and its arriving
time at Roanoke within five or ten minutes, barring
delays due to hot boxes or drawbar trouble. As
previously stated, these locomotives have two con-
stant speeds, viz,, 14.2 or 28.4 miles per hour. They
will occasionally slightly exceed this speed when re-
generating on down grade, but 29 to 30 miles per
hour is the maximum speed which they attain. In
the movement from Clarks Gap to Roanoke, the air
was not applied at any point, except in approaching
Roanoke Yard and bringing the train to a stop after
having been pulled into clear, the train being held
on descending grades by regeneration. Hence, there
is little brake shoe wear, little trouble due to brake
beams down, and littie trouble from overheated
wheels. This situation is due to two causes: first,
the brakes are seldom used, and, second, owing to
their operating conditions, brakes and brake rigging
are maintained at a high standard at all times.

The fellowing morning, we left Roanoke at 8:10
a. m., with 113 cars, 12,077 gross tons, with a
2-10-10-2 engine, with tractive effort of 147,200
pounds, and arrived Victoria, 123.4 miles, at 6:30
p. m. Stops were made at Goodview, Huddleston,
TPhoenix, and Abilene for water, and at Seneca for
coal and water, a total of five stops. One of the
remarkable features in connection with the handling
of this train was the absence of jars in stopping or
starting. As a matter of fact, in spotting for coal
and water automatic air was not used, but only the
straight air on the engine, and, with one exception,
namely, Seneca, the spotting for water was done
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FIG. 8 Virciniax RarLway—FronT VIEW OF STEAM

LocomoTive Usep on Crarxs Gar Hin Prior To Frrc-

TRIFICATION. Toraln WEIGHT oF ENGINE axn TENDER
898,300 Lo.

without cutting engine off of train. Between
Roanoke and Victoria, we met one passenger train,
one local freight train, and one westbound through
freight train, consisting largely of empty coal cars,
but in all cases these trains were on the passing
track. Fortunately for the operation of the through
freight trains, there is little local business, and the
local freight trains are able to keep out of the way
of through freight trains. As an example of this,
the eastbound local freight train left Roanoke about
one hour and fifteen minutes ahead of the through
freight train and went Into Victoria Yard ahead of it.

Coal Delivery to Ships

A very considerable portion of the coal handled
by the Virginian Railway is delivered to vessels for
either bunker or cargo at Sewalls Point. The Vir-
ginian Railway has two piers for delivering coal to
vessels. The operation to the point of dumping into
vessels is pracically the same at both piers. At Pier
No. 1 the coal is dumped into pockets and thence
through a chute to the bunker or hold of the vessel;

and, where delivered to the hold, it is necessary to
use trimmers. At Pier No. 2 the coal is dumped
into a traveling pocket and thence through a leg to
the bunker or hold; and, when to the latter, is
trimmed automatically by the leg, which has a spe-
cially designed, electrically operated conveyer for
this purpose. At both piers, the method of trans-
ferring from the rail car to the electrically operated
dumping car and to the coal pockets, or coal leg, is
practically the same and is best understood by the
accompanying cuts. It is possible to, and they do,
handle two 55-ton or one 55-ton and one 70-ton
cars, dumping them at one operation into the electric
car that delivers to the hold or bunker. The ca-
pacity of the electric car which delivers the coal is
125 tons. It is stated that 20,000 tons have been
delivered to vessels in three hours, and it is possible
to deliver a total of 3,500,000 tons of coal per month
to vessels.

Loaded cars are pulled onto the dumping cradle
by an electric car puller, clamped inte position,
hoisted and rolled over, the coal {falling onto an
apron which directs it to the waiting electric dump-

c =

FIG. 9—VirciniaNn Ranwav—Front View oF 3-Unir
Evectric LocomoTivE WEeicHING 1,282,380 Lb.



Erecrrirrcarion oF StEam Rairroaps CoMMITTEE

T

FIG., 10—Vimcinian Ramway—DouBLe TrackiNe WouLp Be EXCERDINGLY EXPENSIVE ON ACCCUNT 0F THE

ToOPOGRAPHY 0F THEE COUNTRY.

Fi i1
¥ M1
| L
LR l‘

FIG. 11—ViraNian Raiway—THe TRACK AND PERM AKENT Wav 1s HeaviLy CoNsTRUGCTED AXD WELL Mary-

TAINED To SAFELY Carrvy Tter Hravy Locowmorives anp 120 Tox Capacrry CoaL Cars.

23



24 EveCcTRIFICATION OF STEAM RaILroaDS COMMITTEE

o dl
'1
|
£
;
1
!
Il
‘
i .
H
A4
]
H
. e A SR
FIG. 12—Virerwvian Rammwav-—TvypicAL SCEXE  ON FIG. 13—VrmoiNtay  RALWAY—SIMPLE BUT  STRONG
MounTtain GuadpeE with Two Steanm Locoaterive Puss- OvERHEAD CONSTRUCTION WaAS [EMPLOVED FOR ELECTRI-
ERS ON REAR QOF 'I‘RAIN. FICATION.
o4 o
[T
. F
#
<
¢
H L |
N k
[T -
- = i
- (F
. i . -
. / )
; o - l)
. . - et ‘ 2
H R lvg !
i i il i

FIG. 14—VIRcIN1aN Raiway—STEAM TRAIN AND ELECTRIC TRAIN LEAVING THE SAME
TUNNEL.

-



EiLectriFicaTION oF STEaAM Raruroans COMMITTEE 25

= = = e e == 1

FIG. 15—VireINTan Rammway—East Exp Evmore Yarp, W, Va.
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FIG. 16—V IRGINIAN Ramway—West EnD ErMore Yarp, W. Va.
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FIG. 17— Virerniaxy Ramwway—Princerox Yarp, W, Va.

FIG. 18—VwrciNiaxn Rarnnway—Power Puant AT Narrows, Va.
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ing or delivery car. These delivery cars are a com-
plete operating unit, equipped with motors, air, and
motorman’s cab. There are two main tracks, one
on each side, with center passing track, on top of
pier, and double crossovers at each end so that cars
can move promptly and without interference. Empty
coal cars, when released from the dumpmng cradle,
move to the empty vard by gravity.

Benefits of Electrification

Some of the benelits obtained by the Virginian
Railway by electrification of its line from Mullens
to Roanoke are:

1. A marked increase in train load from Mullens
to Norfolk.

2. Elimination of turn arounds between Mullens
and Princeton.

3. Saving of one hour or more on each eastbound
train between Mullens and Clarks Gap, thus
increasing its capacity to handle business.

4, Being able to move from 12 to 15 trains east-
bound out of Mullens each 24 hours with an
increased tonnage per train, as against 7 or 8
trains each 24 hours prior to electrification.

5. Being able o handle what is now normal busi-
ness betwecn Mullens and Merrimac without
congestion or delay (there is but little ques-
tion that, with the business handled in 1927
there would have been congestion in this terri-

tory under sieam operation. It is a well known
tfact that congestion causes an increase in op-
erating costs out of proportion to the increase
in business)"

6. Decreased cost of maintenance of equipment—
reduced accidents and derailments.

7. Elimination of pusher out of Princeton and
discoutinuance of nine mile helper district from
Whitethorne to Merrimac, with marked re-
duction m road overtime.

While the cost to electrify the section between
Mullens and Roanoke was approximately $15,000,-
000 if electrification had not been undertaken it
would have been necessary to spend large sums for
additional heavy motive power and for additional
second track in a territory where construction costs
are very bigh, due to physical conditions necessitat-
ing heavy fills, deep rock cuts, and tunneling through
mountains.

The results of electrification, as a whole, are best
understood by a glance at the following figures:

In 1924 (the last full year previous to electrifica-
tion) the Virginian Railway Company’s cost of
conducting transportation was 16.94 cents per hun-
dred net ton miles, with total operating cost of 40.24
cents, while in 1927 (the first full year subsegquent
to electrification) the cost of conducting transporta-
tion was [3.63 cents, with total operating cost of
35.74 cents. This shows a decrease in operating cost
of 4.50 cents per hundred net ton miles, or 11.2 per
cent. The net tons moved one mile by the Virginian
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Railway in 1924 was 3,034,366,000, while in. 1927 the
net tons moved one mile was 3,246,964,000. Ap-
plying the difference in operating cost of 4.30 cents
per hundred net ton miles to the tonnage moved in
1927 indicates a saving of $1.461,133.80.

The hgures quoted above represent the saving in
total operating costs as between the years 1924 and
1927. 1 am unable to determine what part of this
saving can be attributed directly to electrification
and what part is due to other operating economies
not associated with electrification,

In my opinion, there are few, if any, railroads

with normal conditions as to class, direction, and
density of traffic that would be warranted in elec-
trification on a scale comparable with that which
the Virginian Railway has accomplished. T question
it any railroad having normal grades and operating
conditions and handling a general business, such as
is handled by the average railroad, in all kinds and
classes of equipment, would be warranted i incur-
ring the expenditure made by the Virginian Rail-
way. It was apparently economical for the
Virginian Railway, 1n view of its special operating
conditions, class and trend of traffic, to do so.

FIG. 20— Vwmrcivian RalLway-—BarLaxcer Station, Rock, W, Va.
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FIG, 22—VIRGINTAN RATLwAV—SANDING BErectric Locomorive AT Muttens SHoes.
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FIG, 24—VirGINIAN KaAILWAY—CAR DUMrERs at SewaLLs PoIinNT, Va.
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FIG. 25—VIRGINIAN RAILwWAY—CARs ARr PULLED oNTO THE DUMPING CRADLE BY ELECTRIC CAR PULLER AND

RETURNED To STORAGE TRACKS BY GRAVITY.
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FIG. 27—VircINIAN Ramwwav—Urpon Leavine CoAL
Car THE CoaL Farrs Uron an Arron WHICH DIRECTS
It wro Erectric Dumping or DeLivery CaRrs.

FIG. 28—VirciNIAN RaiLway—DrrLiverine CoaL TO A
Barge BY MEeanNs oF ELecTRICALLY (PERATED, SELF-
TrrmwminGg LEc.
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APPENDIX 11

THE ELECTRIFICATION OF THE ILLINOIS CENTRAL

By Lawrence A. Dowxs, Prestdeit
Hlinois Central Railiead Company

An Address Delivered at the Fijtyfirst Convention of the National Electric Light Association

Electricity is nothing new in American vailway
operation. Three-quarters of a century ago, when
the construction of my own railvoad was just being
undertaken, the first use of electricity in the opera-
tion of Anerican railroads was begun. That was
in 1851, waen the first telegraph was installed to
control the movement of trains. At that tme there
were only about 11,000 miles of railroad in the
United States, compared with the quarter of a mil-
tion miles we have today, and then there was not a
single mile of railrcad west of the Mississippi River.

I make these historical references because we arc
accustomed to think of electricity as a new factor
in railway transportation, which it most certainly
is not. New uses are constantly being found for
electricity, however. and it is of one of these that [
desire to speak. This fairly recent development, the
use of electricity for railway motive power, had its
inception in 1895 and has since grown to such pro-
portions that nineteen American railroads now have
approximately 4000 miles of electrified trackage in
[ifteen states of the Union and several raillway elec-
trification projects are now under way or in pros-
pect.

The problems which have led to the adoption of
electrification as a sohition are many. In some cases,
electrification has been adopted as a method of solv-
ing a combination of problems. The latter was the
situation which led to the electrification of the Chi-
cago terminal of the Illinois Central System. Be-
cause of the importance of this piece of work, you
may be inter:sted in hearing why it was undertaken,
how it has >een carried out to date, what it has
accomphished and what is still expected of it.

In order to get the proper setting for the Illinois
Central’s Chicago terminal problem, we must go back
to 1850, when Chicago had a population of approxi-
mately 30,000. South Michigan Avenue was then
the principal residential street of Chicago, hordered
on one side by stately homes and on the other by
the shore line of the lake. Recurrent storms made
it necessary for the city to incur considerable ex-
pense in protecting the avenue from the ravages of
the lake, an expense to which residents of other
parts of the city strenuously objected. This was the
situation when the Illinois Central Railroad sought
an entrance to Chicago. Plans were made to bring
the railroad ito the city along the south branch of
the Chicago River, some distance from the lake-
front, and ttese plans were submitted to the city
council for approval. Just at the time, however,
a iresh storm on the lake centered public attention
upon the expense of lakeshore protection, and the
harassed aldermen decided to force the Illinois Cen-

tral to build its line into Chicago along the lake-
front and to assume the responsibility and expense
of lakeshore protection. This was done, and the
Ilinois Central came into Chicago by what might be
called the front door.

Later, as Chicago grew from a frontier trading
center to a great metropolis, there developed among
its people a civic consciousness which found expres-
sion in the construction of many beautiful parks,
boulevards and public huildings. Michigan Avenue
became a magnilicent boulevard, flanked by palatial
hotels and clubs and towering office buildings, and
2 plan was worked out for the beautification of the
lakefront by the construction of a succession of
islands, lagoons and bridges to form a great new
park extending from Jackson Park on the south to
Lincoln Park on the north, and traversed for its
entire length by two main boulevards. The nego-
tiations growing out of the monumental plan for the
beautification of the lakefront necessarily involved
the Tfllinois Central. Certain nparian rights which
had been acquired by the railroad when it was
forced to assume the responsibility and expense of
lakeshore protection had to be recovered and prop-
erty boundaries had to be agreed upon. Meanwhile,
the abatement of smoke had become a live issue.
All the Chicago railroads put together contributed
only a small part of the total visible smoke of the
city and still less of the atmospheric pollution, but
the prominent location of the Illinois Central on
the lakefront made it a special target in the crusade.

Other elements 1n the situation combined to point
toward electrification as a solution of the Iilinois
Central terminal problem. Suburban passenger ser-
vice had been estahlished in 1856 between Chicago
and the then outlying village of Iyde Park, and
this service had grown to immense proportions with
the residential development of the Greater South
Side. Despite its large patronage, however, this
service had heen a constant drain upon the income ot
the railroad, and no conceivable increase in commu-
tation rates would place it on a seli-supporting basis.
Furthermore, the service was approaching a point
where it would be nccessary to retire its old equip-
ment and to make exiensive increases in its opera-
tion.

The Need for Electrification

Physical difficulties were encountered, too, in the
operation of freight and through passenger service.
The Illinois Central through passenger terminal,
which had been one of the largest and most beau-
tiful passenger terminals in the world when it was
opened in 1893, the vear of the Columbian Expo-
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sition at Chicago, had been outgrown, Kreight op-
erations were also approaching the point of con-
gestion, and increased capacity had to be provided.

Faced with this multitude of problems, the 1lli-
nois Central participated in a series of negotiations
with local governmental bedies, beginning 1n 1911,
which resulted n an agreement taking effect in
1920, and the elecirification of the terminal was an
important part of ithat agreement.

In carrying out the electrification project in a
manner to provide for the inevitable future growth
of Jllinois Central freight, passenger and suburban
business at Chicago and assure the maximum effl-
ciency in terminal operations, the Illinois Central is
practically reconstructing its entire Chicago ter-
minal. The electrification itself is being undertaken
by stages. First is the electrification of the sub-
urban service; that stage was completed in Aungusr,
1926, six months ahead of the time agreed upon.
Next will come the electrification of freight opera-
tions, and later the electrification of through pas-
senger operation.

When the electrification is completed, 1t will cover
420 miles of freight, passenger and suburban tracks.
In addition to the electrification itself, the whole
Chicago terminal improvement project includes: the
elimination of Doth highway and railway grade
crossings on the main line for a distance of thirty-
eight miles south of the Chicago River; relocation
of nearly all tracks in the Chicago terminal area;
the movement of approximately ten million cubic
yards of earth; construction of an immense gravity
freight classification yard on the outskirts of the
city; construction of extensive shop facilities; re-
location and construction of freight and passenger
car yards; construction of bridges, tunnels and
subways; erection and reconstruction of suburban
stations and platforms; erection of a through pas-
senger terminal at the south end of Grant Parl;
construction of 250 miles of new trackage; con-
struction of several miles of retaining walls and
the reconstruction of the signal and interlocking
system,

Some of these improvemients were not essential
to the electrification and could have been deferred
until later, but it would have heen more difficult and
costher io carry them out after electrification. The
elevation and depression of tracks for the elimina-
tion of grade crossings, for example, was far more
economical under steam operation than it would
have heen after the overhead supports were erected
and transmission wires were in place on fxed
bridges. A permanent track plan was worked out
which will rednce to the minimum the possibility
of having to shift tracks after electrification.

The electric suburban service covers a zone em-
bracing 37.8 rouie miles and 127 miles of trackage.
In the electrification of this service it was necessary
to erect more than 900 catenary structures and to
string approximately 293 miles of transmission wires
and 470 miles of messenger and contact wires. The
1500-volt d-c. system with overhead contacts is used.

The electric service was begun with new equip-
ment throughout. The cars, specially-designed for

this service, are ot all-metal vestibule construction,
each having a seating capacity of eighty-four., Spa-
ciousness, cleanliness, good ventilation, uniform
heating and ample lighting are amoeng their notable
features. The trains are operated in multiple units
of two cars—a motor car and a trailer semi-per-
manently connected—and four-car and six-car trains
are most numerous, although station facilities
have been designed to acconumodate eight- and ten-
car trains where required. At present 260 cars,
having an aggregate seating capacity of approxi-
mately 22,000 persons at one time, are in use, and
these cars are carrying approximately 120,000 pas-
sengers every week day.

Purchasing Power

Aside from equipment the most important factor
entering into the electrification of the suburban ser-
vice of the Illinois Central System was the choice of
power supply. The practicability of constructing an
independent power system, including generating
plants, transmission lines and substations, for the
sole use of the railroad was carefully considered,
but the decision was against doing so and in favor
of purchasing all electrical energy, under confract,
from the Commonwealth Edison Company. Under
this arrangement, the Commonwealth Edison Com-
pany erected its own substations at designated points
on the right-of-way, and 1t now supplies direct
current to the traction system and a-c. of suitable
characteristics, for signal, light and other auxiliary
uses.

I believe you will be interested in an outline of
the reasons which led us to adopt this plan. The
erection of an independent power system would have
involved a heavy investment on the part of the
Illinois Central, and the high cost of generation in
such a plant, by reason of the necessity for a rela-
tively high percentage of reserve generating capac-
ity and on account of the comparatively small peak
load demand, would have made the operation in-
herently less economical than the purchase of energy
from a large and highly-organized power system.
Furthermore, the ownershp and operation of such
a plant would have carried the railroad out of its
sphere into the highly-specialized field of power pro-
duction, a field in which it might bave been difficult
for the railroad to keep itself up-to-date. Moreover,
uninterrupted service must be maintained. Any
breakdown of electric supply in such a busy terminal
would be highly disastrous. The purchase of en-
ergy from a large power system having an ample
generating reserve and duplicate transmission lines
assures the Illinois Central of a dependable, un-
interrupted supply of energy.

In its physical characteristics, the electric sub-
urban service represents a vast improvement over
the steam service which it replaced. The widespread
public approval that has been given this service is
evidenced by the fact that the present volume of
suburban patronage is already more than one-third
greater than immediately prior to electrification in
1926. The increase in patronage has been so much
greater than was anticipated that we have alreadv
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found it necessary to place orders for twenty ad-
ditional cars for early delivery. Because the run-
ning time of trains has been reduced between 11 and
28 per cent, electrification has increased the de-
sirability of outlying communities by bringing them
all within closer reach of the central business dis-
trict.

Losses Wiped Out

1 have already referred to the fact that under
stearn operation the Illinois Central suburban ser-
vice was an unprofitable enterprise. 1t not only
was failing to pay a return upon the investment in
suburban facilities and equipment, but the revenues
were not sufficient to meet out-of-pocket expenses.
By reason of the greater economy of operation and
the increased patronage which followed electrifica-
tion, in addition to an increase in rates which shortly
preceded it, these out-of-pocket losses have been
entirely wiped out, and the service is now producing
considerably more than enough.revenue to pay op-
erating expenses and taxes. Although the present
net income is still substantially short of a fair re-
turn on merely the outright cost of the suburban
electrification itself, including the $10,000,000 worth
of equipment purchased, there is ground for hope
that with the continued growth of patronage the
time will eventually come when the suburban ser-
vice will be fully self-supporting, including a mod-
erate return upon the whole investment.

One of the potential by-products of railway elec-
trification in the larger cities is the development of
air rights. The development of such rights at New
York demonstrates the possibilities in this direction
at Chicago. The Illinois Central owns sixty-five
actes of wvaluable property adjacent to the Loop
business district in Chicago which will be available
for air rights development as a result of the elec-
trification of the terminal. It will be some time
hefore these air rights can be fully developed, but
they will be of large importance in estimating the
eventual results of electrification.

Because of the prominence of our electrification
program—the publicity it has received and the dis-
cussion it has caused—I am often asked for an
opinion concerning the future of railway electri-
fication, 1 am not given to prophecies, but I think
there 1s no doubt that utilization of clectric energy
will continue to increase as special problems in rail-
way capacity and operation are encountered.

As I see it, there are two elements which will
have important influences upon the future develop-
ment of railway electrification. The first of these
1s the development in the art of applying electricity
to the problems of railway operation. Thus far 1t
can hardly be said that raillway electrification has
passed out of the experimental stage. It has not
been standardized to the extent of steam railway
design. Each project that is undertaken is a new
experiment in that 1t deals with a special problem,
all phases of wlnch have not Deen developed here-
tofore. I regard our own electrification as such a
project. 1 have faith that the results we shall finally
.accomplish will fully compensate us for the expense

we incurred, but when costly undertakings are being
considered without the necessity which forced the
Illinois Central into its electrification program it
takes more than faith to justify the large expendi-
ture involved. Engineers must know in advance
that the results will be sufficient to pay a full return
upon the investment, and they must be able to
marshal the facts with which to support that knowl-
edge.

1t you are desirous of hastening the utilization
of electricity in the solution of railway problems,
there 1s scarcely any service you can render of
greater importance than that which looks toward
the development and standardization of the art of
producing electrical energy and its application to
steam railway operation. I do not mean that all
types of electrification should be alike, {or there are
many different problems to solve, but I do mean
that the art shall be reduced to such generally ap-
plicable terms that a railway engineer can know
that under certain definite conditions certain definite
results will be produced.

The other important element influencing the fu-
ture development of railway electrification is the
financial element. After it is proved that money
can be saved by spending money for electrification,
there is still the problem of where to get the money
to spend. Every railroad in the country has plans
for large engineering projects of dcmonstrable
money-saving value that must be deferred from year
to year because the money is not readily available
with which to carry them through.

Fair Treatment for Roads

Here, too, but in another way, you can make a
real contribution not only to the progress of rail-
way electrification but also to the continued im-
provement of railway service and the increased
economy of ralway operation. That is by using
the great weight of your influence in behalf of that
character of treatment of the railroads that will
maintain rate levels against the onslaughts constantly
being made to beat them down.

The law under which railway rates are now regu-
lated has heen in existence since 1920. That law pro-
vides that rates shall be made so the railroads as
a whole, under honest, efficient and economical man-
agement, will be able to realize a fair return upon
the value of their property. The honesty of railway
management in this period has been above question.
The efficiency and economy of raillway operation are
matters of record. The railroads have fulfilled their
part of the agreement. But, notwithstanding the
demonstrated efficiency and economy of railway op-
eration, and in spite of the record-breaking traffic
that has been moved, there has not been a single
vear in all this period when the railroads of the
country as a whole have earned the 534 per cent
on the value of their properties which the Interstate
Commerce Commission has held to be the fair re-
turn contemplated under the law of 1920, and pres-
sure has been constantly brought to bear upon the
railroads and the Interstate Commerce Commission
for lower rates.
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A simple illustration will show the resuits of the
constant pressure for reduced rates. On the Illi-
nois Central System our average revenue for haul-
ing a ton of freight one mile was reduced from
9.66 mills in 1921 to 8.86 mills in 1927. Now, this
reduction of eight-tenths of 1 mill per ton mile may
seem to be a small item, but when it is applied to
the 1614 billion ton miles of revenue freight han-
dled by the Illinois Central System last year, it
amounts to more than $13,000,000—and $13,000,000
is 6 per cent on approximately $216,000,000. I am
not going to say that this missing $216,000,000 worth
of potential investment would have been made in
electrification i{ we had had it at our command, but
you can see for yourselves how much better dis-
posed toward electrification a railroad with $216,-
000,000 extra of investment power would be than
a railroad that lacked such an amount.

The constant downward adjustment of rates
threatens to undermine railway credit. Credit is
dependent upon adequate rates. 1f the railroads are
to umprove their properties and increase the capacity
of their plants in keeping with the ever-increasing
demands which are being made upon them, they
must be allowed to earn returns that will attract
the needed capital. As persons interested in rail-
way electrification, you will appreciate the inpor-
tance of that point.

The electrical industries and the railroads hawe
much in common. Both are engaged in providing
for the masses ol our population services of the
most essential nature which have contributed greatly
to the effectiveness of human endeavor. Both face
large and important problems arising out of their
common necessity for increased production, greater
economy and equitable regulation, Finally, the
buyer-and-seller relationship between them has
grown to large proportions as the railroads have
come to make greater use of electricity for light
and power and the expanding electrical industries
have made greater use of the transportation service
which is the product of railway operation.

Both industries have feit the blighting effect of
misguided public opinion in the past. DBoth have
been the targets for hostile legislation and restrictive
regulation. Both have consciously and earnestly
sought to improve their relations with the pubiic.
There 1s no question in my mind that a great deal
has been accomplished in this direction in the last
decade. This accomplishment is reflected in the
friendly attitude that now prevails generally in the
public mind toward these industries, and in the in-
creased tendency on the part of law-making and
regulating bodies to give them both a square deal.

I have been impressed by the excellent work which
the National Electric Light Association and the
various electrical companies have been doing in re-
cent years toward bringing about a better public
understanding of their problems. There i1s no ques-
tion that the whole electrical industry has heen vastly
benefited by this work. I believe it has had a bene-
ficial effect upon corporations generally. On the
other hand, the effor(s of the railroads along similar
lines have probably benefited your industry in like
manner, Such efforts are cumulative in their effect.
Their full benehts will not be felt for years to come.
It takes time to efface the long-standing prejudices
of the past and to bring the public mind, long given
to mistrust of corporations, into a sympathetic un-
derstanding of their problems.

Confidence and cooperation cannot be built on
any other basis than that of mutual understanding
and such understanding can be obtained only with
the constant interchange of trustworthy information
and intelligent discussion. The public is fair when
it knows the facts and understands them. To me
1t 18 unthinkable that the frank, open, straightfor-
ward course which has increasingly marked the con-
duct of business affairs in recent years shall be
abandoned. And if we continue in that course,
earnestly striving not merely to win but to merit
public good-will, I am confident of the outcome.



