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not at a1\ inconsistent \yith the average pown com
pany's costs, based on an analysis of the investment
required for furnishing continuous power and peak
loads respecti\'ely, and taking into consideration the
relation between load factor and di\'ersity factor.

Operating Features

Perhaps the 1110St prominent characteristic of a
railroad load such as that of the c., M. & St. P. or
the B., :\. & P. is its lack of any outstanding char
acteristic. The two electrified divisions of the for
mer road take peak loads of about 15,OOO-kw. each,
and the B., A. & P. takes about 8,000 kw. These
peak loads do not come at the same time, as a gen
eral thing, and the fact that they exist is ascer
tained by referring to the records rather than by
any physical effect which they have on the power
system. The power factor is about unity and the
load is so scattered around and fed by different
Jines that fluctuations in railroad load have prac
tically no effect on voltage regulation.

A typical daily load curve of one of the sub
stations on the Rocky Mountain division of the c.,
M. & St. P. Railway is shown in Fig. L The load
factor of the load shown is 20 per cent. Fig. 2
shows the daily load of this entire division. The
load factor is 50 per cent. The Missoula division
of the same road takes a very similar load, as does
the B., A. & P. railway, except that the latter peaks
at abont 8,000 kw., and has a load factor of 30 per
cent. Taking the three loads together, however, the
total load factor is higher than that of any of the
constituent parts, and combining the total rail
way load with that of the balance of the Montana
Power Company's system makes a total with a daily
load factor which frequently exceeds 90 per cent,
typical figures at the present time being 144,000
kw. average and 160,000 kw. maximum.

The yariations in load during the year are small,
as the following figures "'ill show:

Kilowatt
:11011111 Hours

] anuary 6,426,072
February . . . . . . . . . . . . .. . . . . . . . . . . . . 4,650,737
March . .. 5,835,682
April ,. . .. 5,984,101
May , . . . . . . .. . 5,836,298
June , 5,693,656
July .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . .. .. 5.771,099
August . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5,689,684
September .. 5,930,394
Octobcr 6,252,995.
November 5,127,079
Deccmber . . . . . . . . . . . . . . . . . . . . . . 5,846,664

Total 69,044,461
Mean Month 5,753,705
Maximum Month 6,426,072

As shown abow, the maximu1l1 energy consump
lion per month shows a \'ariation from the mean of
only 12 per cent.

Before the railroad load was takell 011 the Mon
tana Power Company's system, some slight appre
hension was felt 011 the part of the rail roads as to the
ability of the power company to meet satisfactorily
all the requirements of the roads, a,; to regulation
and continuity of sen-ice. The pO\\'er company also
had some slight misgivings as to the effect on its sys
tem of such a widely fluctuating load a.'> that of the
railroads was supposed to be.

Operation was started and nothing Ottt of the way
happened. Operation has continued for the last fiye
years and any tronble of consequence due to the use
of electric power has yet to be experiencecl either hy
the railroads or by the power company.

Altogether, it is safe to say that railroad electri
fication constitutes one. of the mosl satisfactory
applications of electric power.

i'

I.

I
I

6

Notes on the Chicago, Milwaukee & St. Paul Railway Electrification
By R. Beeuwkes

Electrical Engineer, Chicago, Milwt~~~,,,&, ~t;/Paul Railway Company

The electrified territory of the Chicago, M:ilwau- !' as rapidly as the conversion. by change of gear ratio,
kee & St. Paul Railway Company now extends from of the original passenger locomoti\'es of the Rocky
Harlowton, Mont., to Avery, Ida., and from Othello Mountain 0,J,19- Missoula cli\-isions into freight loco
to Tacoma, \iVash., a total distance of 645 route motives(..~permit. Regular electric passenger ser
miles, or of aoout one-third n:ore tra~k .miles. _. I~.£~ w~st ?f Ot~e!!?,wassta,f.te~,i,'\)~,?-rch df"'rhis

The fi rst portion to be 1?ut mto electrical operatIOn jear. [hIS sectIOn now 1 comprises {'he west suh
was that betw~en Three Forks and Deer .Lod.g~, .the division of the Columbi~ divi6ioll extendincr from
west sub-divISion of the Rocky Mountain dIvIsiOn.. '. of . "e"'" ,. If" ..... '" •
'rho . ].) b f 1915 1'1 d t' Othello to Cle EJum, anel th)X coast cll\ ISlon extend-IS was m . ecem er 0 . Ie secon por lon, . f C £1 . l' ., .
Three Forks to Harlowton, the east suo-division of II1g. rol~ ..Ie< um to a~oma . an:l :::;e~ttle, two
the Rocky Mountain division, began to be electrically engme clIVISI?I1S, ~e_€hstricrwttr-sn~y
operated in April of 1916, and the section from Deer Q.LJlle~g:g(LimQ....a.w.L~I'tl'Hld-_·~tee{>l:.iffccl
Lodge to Avery, the Missoula Clivision, in November ilivTsi-QJ;l. .
and December of 1916. The folJowing general notes regardmg some of

Electric helper service was installed on the Saddle the items of a list suggested as r.epres~nting m<l:ttcrs
Mountains., west of Othello, in August of 1919, and of particular interest in conne~tlon wl.th electnfica
on the Cascade mountains in November of the same tion work are based on expenence WIth the above
year. Electric roael freight service i.&-l7eTrrg'installed installations.
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First Costs

The electrification work on the Rocky Mountain
and Missoula division was carried on during- the
years 1914, '15 and '16, when labor and material
conditions were comparatively stable and arrange
ments for the supply of both could be made in such
a way as to avoid the delays to which the work west
of Othello, carrie? on largely during the war, was
more or less subject. Costs for the fanner work
ar~ tl~erefore believed to be the more capable of ap
plIcatIOn of the necessary corrective factors corre
sponding to present and other assumed price stand
ards, and approximate figures are given below:

Route miles 438
Actual mileage transm iss ion line.............. . . . . . . 364
Total kw. capacity of sub-stations 59,500
~un:ber of Jocomotives-12 passenger, 30 freight and 2

sWItchIng locomotIves. , '" _, - ,. ,
Numb~r of sub-stations, 14. Two,operators' buildings at

each statIOn. '
Automatic signals-Existing battery fed track circuit and

s~ap~ore signals were replaced with alternating current
hght sIgnals fed from a 4,400-volt primary circuit connected
to sub-sattions; costs not included.

other cases, and thei r main purpose is to give an
approximate idea of the relative importance, from
a cost standpoint, of the different items involved.

Some Comparative Operating Costs of Electrified
and Steam Operated Divisions

The following tabulation indicates, as between the
electrified Rocky Mountain and Missoula divisions
and the adjacent steam operated divisions the rela
tive magnitude of the more important' items of
freight operating expense which are affected by the
type of motive power employed, costs for the Mis
soula division being taken as unity. The figures ap
ply for the last six 1110nths of the year 1918 this
period being taken due to the fact that the dat~ had
already been worked up for other purposes and were
therefore most readily available.
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ITEM <= < 0 ::.'<i ~.~

~:§: in' ~" ~.:s: ~.(i)o' o'p;" "".,," " " ~? ~;

Steam or electric locomo-
tive repairs ............ 1.97 2.34 1.00 .86 2.26

Train conductors and
brakemen .............. 2.78 3.05 1.00 1.46 1.61

Train enginemen and mo-
tormen 0'· ••••••••••••• 1.84 2.17 1.00 1.30 1.21

Train locomotive fuel or
power ................. 2.05 2.34 1.00 1.04 1.38

Engine-house ex pen s e,
train •...••.••.•••.•. o. 3.1 5 2.50 1.00 .80 3.71

Total yard service* ....... .78 1.12 1.00 .99 .71
Total of items of expense

affected by type of mo-
tive power** .......... 1.67 1.90 1.00 1.11 1.33

*1n 1918 a considerable portion of the switching was still
done by steam, sufficient electric switching locomotives
not having yet been received.

**Includes superintendence, maintenance of sub-stations,
transmission and trolley systems, water and fuel stations,
shops and engine-houses; also locomotive and train sup
plies, in addition to the items for which individual com
parison is given in the tabulation.

In considering the above it should be noted, as
shown on the attached profile, that the Musselshell
division is of low grade, maximum of 0.4 per cent,
while the Rocky Mountain division; crossing both
the Belt and Rocky mountain ranges, and formerly
under steam operation, constituting "the neck of the
bottle," as far as operation was concerned, has long
mountain grades of 1.7 and 2.0 per cent.

The Missoula division, crossing the Bitter Root
Mountains with long 1.7 per cent grades, would not
from the profile appear to involve as difficult operat
ing problems as the Columbia division with its long
2.2 per cent grade on the east slope of the Saddle
Mountains and its comparatively long 1.6 per cent
grade on the west slope, but the much more unfavor
able weather and topographical conditions existing
on the Missoula division more than offset the differ
ence in grades.

Some of the more prominent reasons for the ad
vantageous results secured under electrical operation
are as follows:

2.9

1.7

34.4

47.7
13.3

6,100.00
1.50

38,400.00
9.50

122,500.00
37,700.00

1-89,400.00
45.00

144,900.00
34.00

$ 2.. 835.00

Trolley system complete $8,390
Transmission system complete... 2,360
Per mile of transmission line ...
Substation layout complete...... 6,050
Per station .
Per kw ..
Sub-station building and grounds:

Per station .
Per kw .

Operators', dwelhngs1.·etc. :, ;'

~:~ k~~I~~.::: :/:: :,::'::: ~ ~ :::~ I

Sub-station apparatus:
Per station , .
Per kw .

Miscellaneous, including right
of -way, changes in telegraph
and telephone lin e s to clear
transmission and trolley, store-
houses, min 0 r apparatus at
shops and round houses, etc.. . 265

Engineering and administration,
except that for drafting and
inspection for sub-stations,
charged direct., 514

Locomotives, including transpor
tation, messenger and miscel
laneous charges:
Per road locomotive .
Per switching locomotive ,

Total per route mile, excluding
locomotives 17,579 100.00

The above figures, without a detailed knowledge
of the labor anel material figures on which they are
based, .would, of course, be of only very rough
value in estimating the costs of electrification in
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Cost of engine repans per thousand-tall Ill: les is
much decreased, due to the fact that not.only is the
CO$t of repairs per engine mile of the electric loco
motive much less than that of the average steam
locomotive replaced. but the number of engine miles
per thousand-ton miles is, all account of the greater
capacity of the electric locomotive, much Jess. The
engine miles per thousand-ton miles for the Missoula
division under electric operation in the 1918 period
taken above were only about 55 per cent of those of
the latter hal f of 1915 under steam operation.

Train conductor and brakemen expense per thou
sand-ton miles is reduced uncler electrical operation
due to increased ton miles per train mile and in
creased train speed. This item, for the JVlissoula
division for the 1918 period, was ahout" 9 or 10 per
cent less than that of the 1915 steam period. while
for the Idaho and Columbia divisions, still operated
by steam, the expense per thousand-ton miles more
than doubled.

Enginemen's expense decreases under electrical
operation, due to the same causes which decrease
trainmen's expense. For the Missoula division this
item increased only a few per cent for the 1918
period as compared with the 1915 period, while for
the Idaho and Columbia divisions it practically
doubled.

Regarding the items of train locomotive fuel. it
should he stated that the factors given are based
not on the actual cost of fuel for the partie-ular
divisions il1Yolved, but on the average fuel price
for the system. Cost 0 f fuel haul is not taken into
account.

The above is, at best, only all incomplete state
ment of some of the mOre direct benefits derived
from electrical operation. Constant' improvement is
to be expected as further advantages arc recognizerl
and developed through operating experience.

Reliability of Service

The question of the relative reliability of steam
and electrical operation is one that is frequently
raised, and it is believed the "Recapitulation of Pas
senger Train Performance" shown below, will be of
interest in this connection.

This recapitulation gives the delays to passenger
trains, on basis of miles of line operated, for the
various railway divisions of the Milwaukee, west of
Mobridge. Similar information is not conveniently
available for freight train performance, but delays
to freight service would naturally be reflected ill the
passtnger train performance.

It will be noted from Item 11 that the electrically
operated territory shows less time delayed than any

I

1
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"Electrical operation commenced in March.

!

['

I

Line·

Cle Elum"
to

Seattle
Steam

90

Avery
to

CleElum
Steam"

825

18.83 11.33 15.15 10.33 12.60
14.03 5.88 6.49 1.98 2.89
1.33 0.58 0.02 2.35 1.37
1.35 2.69 2.16 1.54 4.51
0 0.13 9.52 4.07 10.62
4.54 1.37 1.29 0.33 5.38

109.2 13.59 3.53 3.48 4.91
20.92 25.20 11.43 9.39 10.54

2.63 2.25 0.15 3.85 2.05
0 0 3.93 0.03 0

172.65 62.95 52.73 35.34 54.93

0 1.16 0.02 1.82 1.94
6.79 3.26 2.09 1.20 0.97
0.92 0.97 1.99 0.22 1.13
8.63 18.05 9.75 6.87 6.10

27.69 12.51 17.75 14.63 30.49
2.53 0 3.64 3.86 13.80

11.30 1.78 11.03 4.91 9.95

57.80 37.85 46.30 33.86 103.69

230.45 100.80 99.03 69.20 158.62

205.5 69.7 8.94 0.00 162.2
46.6 35.6 100.00 81.00 11.54

8

Recapitulation of "Passenger Train Performance," Showing Delays 10 Passenger Trains on the Basis of Miles of
Operated; Lines West of Mobridge; Months October, November and December, 1919, and

January, February and March, 1920
DELAYED TIME IN MINUTES PER MILE OF

LINE OPERATED
Marmouth Harlowton

to to
Harlowton Avery

Steam Electrlcl ty
340 437

r Mobridge
Division ,. ~ to

l Marmouth
Motive PDwer , . .. . . . . Steam
MUes.. ..................................................•......••.•. 190
Item '

1. Meeting and blocked behind passenger .
2. Meeting and blocked behind freight. .. '" , .
3. Extra cars .
4. Excess time switching .
5. Electric block signals .
6. Slow orders ' .
7. Bad weather and poor coal. , .
8. Engine condition .
9. Accidents and derailments due to engine , .

10. Trolley and substation .
11. Total of items I to 10 inclusive, which are affected by the

type of motive power used .
12. Average of items 1 to 10 inclusive, for the four steam

divisions 74.75
13. Awaiting connections , .
14. Handling extra heavy bag mail and express .
15. Extra stops for passengers and railway crossings ,
16. Car conditions .
17. Accidents and derailments not due to engine .
18. Slides, earth, rock and sno\,;" .
19. All other causes .
20. Total of items 13 to 19 inclusive, which are not affected

by the type of motive power .
21. Average of items 13 to 19 inclusive, for the four steam

divisions 46.77
22. Total of all items .
23. Average of al1 items for the four steam divisions .. 121.52
24. Minutes lost on schedule running time per mile of line

operated .
25. Minutes made up per mile of line operated , .

<;:/ .
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of the steam operated divisions, except that between
Avery and Cle Elum, a district particularly favored
as regards its freedom from climatic, topographical
and other conditions which tend to cause delays.
Atttention is also called to the favorable shovling,
for electricity, of items 24 and 25.

Conclusion
In concluding this hastily prepared and, therefore,

superficial statement regarding some of the facts of
the Milwaukee electrification, I believe it may be
said that in no respect have the results of the electri
fication failed to equal the expectations of the rail
way organization, and in most respects these ex-

pectations have been far exceeded. The extent of
the electrification is such as to leave no doubt as
to the practicability of indefinite expansion with an
assurance of increased reliability and safety and a
marked and determinable increase in capacity.
Items of operating expense dependent on whether
steam or electricity is used as a motive power, we
have found by experience and estimates to be so re
duced and the benefits indirectly obtained to be so'
great as to render justifiable, e\'en with the increased
investment charges, the serious consideration of
indefinite extension of electrification, even for
lighter grades.

Electric Operation on the Butte, Anaconda & Pacific Railway
By F. W. Bellinger

Electrical Superintendent, Butte, Anaconda & Pacific Railway

The .railway company makes every effort to oper
ate its sub-stations at as high a load factor as pos
sible and at a leading power factor. Under favor
able conditions it is possible to make a 42 per cent·
load factor. The nature of the haul on this line
is such as to make it impossible to dispatch all trains,
although good results are generally obtained, even in
the switching service, by the cooperation of the yard
masters.

On our main-line freight service between East
Anaconda and Rocker, a distance of 20.1 miles,
the standard train, west bound, that had been han
dled with steam was 50 cars, aggregating 3,500 tons,
and the average running time for such a train, where
no stops were made, was about one and one-half
hours, corresponding to an average speed of ap
proximately 13.4 miles per hour. The electric loco
motives now haul a trailing load of 4,600 tons, at a
speed of 16 miles per hour.

On the Smelter Hill line, a length of approxi
mately seven miles with a grade of 1.1 per cent,
25 ore cars, averaging 70 tons each and making a
trailing load of 1,750 tons, form a drag. The round
trip is made in about one hour, thus making it pos
sible to make eight round trips per day, or a delivery
of 200 cars in ten hours. As compared with this, a
steam engine handled, under favorable conditions,
16 cars, or a trailing load of 1,120 tons, and made
six round trips ih ten hours, or a delivery of 96 cars
per day. Therefore, we have now an increase of
108 per cent in this particular service, using the same
crew and working the same number of hours as
previously.

A comparative statement showing the cars han
dled per day for the months of April, 1917-1918,
is as follows:

The Butte, Anaconda & Pacific Railway was built
in the year 1892, principally for transfer service be
tween the Anaconda Copper Mining Company's
mines in Butte and smelter at Anaconda. The tracks
connecting these two cities are approximately
twenty-six miles long, but the yards and sidings in
cluded in the present electrification bring the total
mileage up to one hundred twenty.

Until the Butte, Anaconda & Pacific Railway
Company decided upon the electrification of its lines
for reasons of economy, it is doubtful if this step
had been taken by any steam railroad for that
reason, although various steam roads had been elec
trified for the purpose of obviating some special
condition, such as smoke nuisance in tunnels or
cities, congested terminals, or to accomplish some
special work for which a steam engine was not
adapted.

Work on the electrification was begun in the
spring of 1912, and regular operation was com
menced eighteen months later. Direct current at
2,400 volts was used.

Seventeen electric locomotives operating in pairs
replaced twenty-eight steam engines of the mastodon
type, and a substantial reduction, both in the num
ber of crews required and in the amount of over
time worked, was effected.

Power is taken from The Montana Power Com
pany's sub-stations at Butte and Anaconda. The
advantage of purchasing electric power from this
large operating company, instead of developing the
required power independently, was readily apparent
in the case of the Butte. Anaconda & Pacific Rail
way Company, The road was relieved of all first
cost of development and transmission of power and
all operating expense up to the point of delivery at
the two sub-stations. The Butte sub-station is
equipped with three 1,OOO-kw. motor-generator sets,
exciter units and switchboard appurtenances, while
at Anaconda the sub-station is equipped similarly
with the exception of having four I,OOO-kw. motor
generator sets.

10

1917

Cars per day, ,............. 1,043
Tons per day , : 44,597
Tons per train, east. ,. 1,449
Tons per train, west..................... 4,198
Tons per train, average.................. 2,797

1918

866
37,917
1,560
4,625
3,098
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