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Awreeigan . fwelifute of  Fleetrieal Harimeers,
Spodeanie, Winsh., September 10, 1014,

Coryrialil 1904 By A 1K b

THE ELECTRICAL OFERATION OF THE BUTTE,
ARACORDA & PACIFIC RAILWAY

u¥ J. #, COX

Apstiarr oy Paren
. Of a total of ten notzbic instances of steam raclway sloctnficas
tion in thiseounizy, the Bulle, Anasondn & Pacific was the firgt
if not the only one (o which the prime cause for the change in mo--
tive power was nn expectad decrease in opemling vxpenscs solfi-
cient to give immedintély n satisfactory enrning on the new
investment of enpital required for the improvemant. .

The le:m.ln:l.rjr investizations antd estimates had fmdicated
e probaole aonun! stving amouating to about L¥.5 per cent on the
totnl investment, of which 11 por cent way expected to result
from the partinl substitution of electrienl eneypy, costing about
0.552 cont per kw-hr. ot the sccondaries of the cubstation trans-
Formees, [or coul of 12,250 B.A.o. ealonfic value apd costing 84.25
per ton delivered. The rernzining 8.5 pur eent was expected from
reduced cost of locomotive maintonnoce, engine house expense
and nomen's wages.

On profpecs. aa & uditure of $1,20) (K0 was made in
the clzetrification ol 00 miles of track anid in replacing 22 steam
locomotives by 17 clectric incomotive units winch now operate
aboul B0 par cewt of the tolil locomotive-mil.

The setan] resnlts as jndivated by the lirst six monthsof full

rical operationshow the utal net saving in operating expense
to be st the ente of F2ATI0U.1E por weur o an canming of 20,02
per cent on the nvestnienl, of whigh Che Jevrse In Mie cust of
coal und powor Is 12.5 per cent

Chher savingys wee due W dverensed eost of laesmotive mainte-
nanee, engios gm expenscn, lubrieants, supplize and trainmon’s
wages,

'l‘pt;me tons per train hauled by the electric locomutives
in 33 per cent, the avernge time per trip decroased 30
tu: vent, the deloys te tealfic decroased 41 per cont, the mumber ol

finz v per contb ez the number of engine il train
crows decrensed 25 per ovnk, :

HE AUTHOR wishes, 11 the ontset, gratelully to acknowl-
edge the assistance of Mr. H. A, Gallwey, peacral
manager, Butte, Anaconda & Pacific Railway Company. It-is
through his codperation and effort that the operating data
given horein are made available. Information of this chamcter
has seldom been published and that it is here given to the public
is & tribute to the broad-mimded pouey of the railway company.
The Butte, Anaconda & Pzcific Railway twas built in 1892
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1370 COXN: RAJLWAY OPERATION “ |Sept. 10

principally for the purpose of conveying the ore from the mines
at Butte to the Washoe smelter which had been located at
Aniaconds, 26 miles west of Butie, where an abundant supply
of water, so necessury in the reduction of the ore, was obiainable.
The tracks eonnpcling Butte and Anaconds constitute themain
line, which is approximately 25,7 miles in length. As the mines
are mostly around the top of Butte Hill and the shafts through
which the ore 15 hoisted to the surface are seatiered over a con-
siderable ara, yerds were huilt at & comvenient point on Botte
Tiill for the concentmation of the cars comtaining tie ure from
these <hafts,-as well ns to serve as o distribution point for the
supplics to e mines, and o branch locally known as the Missoula
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Fro. 2—0vrioen Mar or Rainway LiNes o Borre A ror Cot-
LECTION o Den axn DiLivieey oF Suppnies

Gulch line, Fig. 3, was built from these vards to conneet with
the main line at Rockcr, where yards were also established.

Since the concentrator at the smelier is also on a hill at an
clevation of approximately 340 ft. above the main line, it was
advisable to cstablish another yard al Fast Anaconda from
which to distribute the ore and other supplics to the different
centers on Smeltor Hill. The lines from these yurds at East
Anaconda to the smelter are known as the Smelter Hill lines,
the longest branch of which is that leading to the concentrater,
which is about 74 miles in length. Two spurs lead off from this
main track, one to the stock bin yards and the other to the
coppor tracks, Fig. 4.
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Prom the Dutie YRR yards s tracks it whout Natle
1Tl tn the slinfie of Lhe varioe wioes ad Glhier (it whiet
supplies are 0 e dellvered, Fig, 20 Bing l:x‘ﬂ-n“unu tire: s
ik i Lodsted Traos U mines are loceded sear eaely shaft amd from
these bivs the ore 18 Jundwd into onper-bullom =eel e cars
of 50 tons eapacity cach, these losded cms heitg ihdivered to
the Buite Hill yards, whete (hey oire pade yy it frados and
taken down to the Recker yanls, whoere they ore made np inte
atill Largrer Seains s Laken over Uit munin Hne o Bast Avacontdn
yards.  Here the trains sre Lroken up to be trunsported in
smaller units up Smelter Hill to the coneenteator vurds. Thus
practically all of the ore cars are haadled by five diffcrent engine
crews between the ore bins at the mines and the. recciving bins
at the concentrator.

Fir. 3—Mar or Missouta Guren Leses, Rockue to s Hi
Yanvy, Burse, Asacoxpy s A Ralwiy

A total of 27 steam locomotives was owned by the railway
company,; classificd as {ollows:

Switching.........-. e vy T
Eﬂﬂlﬂlfl-f.lﬁﬂlh.n---- TELE] CE 3
Mastodon. . coisersaransinnssnmmsns 30
PaEARgAr. ol isaracniaacipasass B

The coal used on the steam lmmnotfm was obtained from the
mines at Diamondville, Wyoming, znd had (o be transportsd
approximately 385 miles for delivery to the bins of the railway
company, at which point its aversge cost was approximately
$4.25 por wom,

The machinery at the mines and the smelter hed mostly been
electrificd, and the results had been 5o satisfoctory that the
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railwny company had a study of their conditions made for the
purpese of investigating the advantages that might be expeeted
from the cleetrification of their ines, the rosult of which wasthe -
placing of & contract in December, 1911, for the electrical equip-
ment of the main portion of its ling, consisting ¢f the main line,
gpurs and yards between Butte and Amnaconda, the Missoula
Gulch line between Rocker and Butte Hill yards and the Smelter
Hill lines. Owing to local conditicns on the spur tracks leading
; to the variows mines from Butte Hill yards, it was thought ad-
visable not to clectrify these until o later date,
Three of the stcam switching locomotives listed above wern

Fic. 4—Mar or Ssuuxttee Hivn Taoves, ButTe, ARacoxpa asn Paciric
Rawway

used raily on Dutte ITill collecting ore from and delivering
supplics to the varous mines from the Butte Hill yards.
The Georgetown extension to Senthern Cross, 22.0 miles west
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};ﬁ of Anncondz, was underway at the Lime, but as it was expoeted
o that a few trains per week would tuke eare of e trallle over
"'r{. this branch for some time, its clectrifiention was not seriously

considered in the original study.

It is fmir to assume that n vital consideration leading to the
electrification of this railroad was the rapid devclopment and
physical consolidation of a network of hydroelectric power
plants in the terria-y tributary to the railroad.

A eontract for *iuw power for the operation of the road was made
with the Great Falls Power Company, which, operatitiy under
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the samg mn.mgmnmtmd in physical mmhm with the systom
of the Montana Power Company, was enabled to guarentee an
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ample supply of power at all
fimes with exceptional free-
dom from interruptions to
gervice, and ot & reasomably
The tragkarecommended to
e eleetrified totaled approxi-
mately 00.5 miles, all of which
ara supplicd with power from
two subslations, onc being
loeated in the AMissour River
Power Cumpemy  subwslation
et Jhutte THIL guel the athor
i Lhie sulsstadion biodlling ou
EBmelter 1T [rom which olee.
trival power fur apmating e
moehinery  Uwre 8 oliglei-
'Ibll.k'i At vnch of these sob-
stations there  was  vacmt
space for the lsation of the

extrn apparatus requived for the operation of the milway, and
the transformwer capacity already installed at cach place was
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Fio. 6—Coxpereep Proving or Swmuter fng Lives

sullicient to moot the extra dermand reguired for the operation of
the ratlway.

The Anacondn sihetation is conneeted With the Butte sub-
station by three high-tension frunk lines. The Butte substation
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receives - power over five separate transmission lines from six
hyrhreclectrie stalions of the following rated capacitios:

Big tele Dvvelopinent. ., .. 5,000 e 80 fe. head,

Madson River * ..., « Dy ¥ g =

Canyon Ferry * isenwss. ToRAY @ ah-s.- .

Howssrr Lake 2 s=eqnss 000 * go *» 0w

Blick Eagle ¢  .,..... 2000 * PRI

Rm‘nbcm: i veeapee SLUDD * g e =
Totaly. ..... ST600 =

There is also now under construction the Great Falls Develop-
ment, 60,000 kw,, 155-ft. head, (Fig. 7.)

Medizern ﬂ's;;‘ a .ir::
:ﬂ F‘é&? 5 % :
E:% i Hrars H E E

ole 23800 =

Fifie T—PraxTs ruon wimce BErecrure Power 18 PURCHASED DY TR
Porre, Asmacnsng Ave Pauirge Basoway,

All these plants ore on the Missouri River water shed,all
operate with [ree interchanpe of power, aad all, vicept the

‘ first, arc Jocated in a series helow the new Hebten reservoir,

now being completed on the head wators of the Madison river,
with an available capacity of 300,000 acre-ft. of storage.

The individual plants are also provided with storage reservoirs
aggregating 125,000 acre-feet of total avail=hle storage capacity.
All of these reseavoirs sperating under one control are capable
of developing from stured wasr- slone, in addition to the power
otherwise available from the natural Sow of the river, the
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cauivalent of about 10NN eectriend e power for o poriod
of 100 daws.

Inn wiew of this developnment, the ponerlly reeognized ndvan-
Ligres of purchasing cleetric power from @ e operading system
instead ol eveloping the required power fmdependomdly were
readily appayent in the eose of the B, A & I, railway. The
railroad was rolieved of oll fizst cost of Jdevelopmniont and trans-
mission of power and of all uperating exjense up 10 the point of
delivery of jwver to the two substations.  The cost of the de-
livered power is less than it would have been from an independent
development, because the power company is enabled to operate
large generating stations at relatively high load factor (about
70 per cent), whereas an independent plant purely for the
operation of the railway would have tu operate in this case
st about 30 per cent load facter, with correspondingly high
fixed and operating chargzes per kilowutt-hotur actually, used,
The large number of percrating stations and complete notwork
of transtmission lines already developed by the puwer company
afford ample insurance cgainst interruption to railresd service
due to possible failure of any part of the gencrating or trans-
mitting system of the power company, and the enormous inertia
or fiywheel effect of the motor luads eonnected 1o the power
system maintain extremely stewly speed and voltage under the
most extreme variations of load on the rmilmoad.

The original cquipment of each subsiation was praviieally
the same, consisting of tws 1000-kw.., Uici-mmit  moton-
generator sets with the necessary starting sud operating de-
viees. Hueli ‘motorguicrator sel owdsts of 2 TS0-kv-a.,
three-phase, G0-cyde, T20-rev, per min, synchronous metor
coupled diveet to two Sl-fow., 1200-volt dircct-current penera-
tors, one nt either end, the two goneraties operating in sories
anil supplying 2100-volt (Froctemrent W the trolley lines. The
punerators are compownd-wound aml Tnoe compemsating ol
face windings as well as commutating poles.  The sencs felds
are countected on the grownded side of the srmature, while the
main fields are separately exeited from a 125-volt circuit.
The motor-generator sets are capable of carrving overloads
up to thres times normal load mnm:nta:.ﬂy, and 50 per cont over
load for two hours, The value of this characteristic will be
appreciated when it is noted thot each electrie locomotive vnit
has a continuous reting of approimately 900 kw., almost equal
to that of a single motor-generator set, and frequently 18 of the



19141 COX: FAILWAY QPERATION 1837

17 anits are in service sultancoudy, 11 of winch are coneen-
trated at the Anaconda endd al intervals.

Seventeen 80-ton clectrie Iocomolive units were purchased,
originally, fifteen of which are heing operaled in [relght service
and two in the passenger survice.  These upits are pmctically
interchungeablo, with the exceptivn of the geariis, the passenger
locomative being geared tu upciate normally az 40 or 50 mi.
per hr. while the freight locomotives ame geimal to oaperate at
from 14 to 25 mi: per hr., the masdinom feee running spoed
being approximately 35 mi. per hr. The contivuous tractive
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effort of the {reight units is 25,000 1h,, at 15 md, per hr., but they
are capable of exerling o maximum tractive ctfort of 48,000
Ib. for five-minute intervals, based on a cocfficient of adhesion
of 30 per cent.

All the locomotive units are of the articulated, double-truck
type with twin gears mounted on projections provided on the
wheel certors for the purpose, end in general mechanical design
are similar to the electnic locomotives in operation on the Great
MNorthern railway, the Detroit River Tunnel roiiway and the
Baltimore & Ohio railway. Pach unit is equipped with four
commutating-pole motors wound to operate at 1200 volts each,
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but insulnted for 2400 volts, so that twn are connected perma-
nently inserierand the four arranged in pairs, thus sccuring the
usual two Tunning poinis, with the diffgrunce that on thoserics
position all fuwrmetors are in sorice, and i mualtiple the bwe pairy
are connected in series-paraliel.

The standard mating of each motor % approximately 300
hugs., making the heourly rating of cach locomotive unit about
1200 h.p. ‘The control equipment is of the multiple-jmit type
and provides a total of 18 steps, ten of which ure in series and
nine in serics-pamllel.  The 2400-volt contucturs, switches,
fuses, otc, ure locatid inm cnclosed compartments where they
can be reached only by deliberate effort. The current for the
operation of the coulrol egquipment, the sir eompressor, and
the lights on the locomotive as well as the lights on the passenger
coaches, is supplicd by & 2400/600-volt dvynamotor located in
the main compartment of each locontotive unit,

A blower 15 direc'-connected to the armature shafi of this
dynamotor which provides artificinl ventilation for the main
motors and the rheostats.  The principal date and dimensions
pertaining to the clectne locomotives are as follows:

Tm;thi11-1li1-fl:dknmk't¢_:ﬂ....-..,-..--..- M. 4in
length over eab. ..., AP IE W ePa b

[ H e R E—— S 2= 1"
Height with tralley ﬁwn ere, pamegs T Q"
Width over-all_......... .. dwisdbasiaing B9
Total whesl bass. .ooiveieneeaes eeiiees DU
I-{i-iilwimlbnu.‘.....“...... pimalisa g" 38"
B T T T T 4" B "
Totan! wedght, . . oo a, 160,000 b,
Weight per axte........ Sk R e Fir T m.mo ¥
Wheels, steel tiredl oo oie i iiiirnininas 4
Journals. . = SRR A g*® 13"

Cears, fmxud rims, ﬁ-mght locomotives.... 87 tecth,
Gesare forpad rAims, snesenger locomotives . B0

Pinlons, forgod, passenger locomotives. . ... 18
Pinlons, forged, fmight locomotives_. ..., & -
Trective effock ot 30 per cont coeflicient. . -, 48,000 b

Tractive cffort at one hour rating.......... 30,000 *
Tractive effort at continuous ating. ....... 25,000

Work on the electrification began in the spring of 1812, and
the frst electric locomotive was run in Anaconda on May 14th,
1913, shout & year later.

On May 27, two ore trains were haoled up Smelter Hill on
trial trips with elegtric locomotives and on the following
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day a double-unit cleetdie Iocometive took over the repular
diny =erviev of hauling the e Trom Bast Avacomla vosls to the
congentrator yards, the dicenee hetwern which is  approxi-
mately seven milis, e roling pradient heng L1 per com com-
pensuted, and the geade Dby uniform theonh the enire dis-
tance, Pig. 6. ‘Uhe steawn loconuotives wsed n 18 serviee were
of the Mostodlon typoe, weishing 108 tons, 25 tons of which was
on the drvers. The weipht of the tender londe] was approxi-
mately 66 tons, inoking the wtal weight of loemmotive and
tender about 163 tons, wlich would aversge closely to the
weight of the doubleunit clecivie lncomnlive supersading it
The steam locomotive made ordinarilv six round trips per
shift, hauling 16 loaded ore cars per trip, eyualing 80 cars per
shift.

The average time [or the trip from East Annconda to the
concontrator yards with 16 luaded curs for the steqam locomotive
was about 45 minutes. The deuble-unit eleciric locomotive
began taking only 16 cars pexr trip but male 8 trips por shift,
delivering 128 cars per shilt. The avernge time {or the up-
hill trip with the eleetric Incomotive was nhout 22 minutes, or
approximately hall the time required by che steam locomotive
for the same nwmber of cors, - Binply furs swore tolem Lo Bast
Anaconda on the relurn teip whiels, buing all dows: grade, gave
the electric Incomotive no decided advantage, ns the specd in
either case was limited to about 25 wmi. per hir. for safety, on
accounmt of the eurves in the line. The mimbur of cars hauled
per brip was kept the swme with the electric locomotives in the
beginning ns it had Deon with steam, = st had becn decided
to make the change-over by gradually replaving one steam loco-
motive at a time with un eleetric, taking the enpine crew off
the one and placing it on the other, thus breaking them in on
the electric locomotives in regular service.

One of the regular steam engineers had beon given special
instructions on the electric locomotives during the experimental
running in order that he might hecome competent to act as
instrictor to the other enpineers until they were safficiently
familiar with the electric locomotives to be left alone.

Tho load per trip in this service was gradually increased from
16 civs 1o 25 cars, which 15 to be the standsrd for the present.
The average time for the up-hill trin with 23 cars is about 26
minutcs so that eight trios. per shift are easily made, making a
delivery of 200 cars possible or an increase of slighlly more
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than 108 per cent over what had been possible for the same
crew with steam locomotives. These loaded ore ears average
from 70 to 72 tuns cach, making the trailing load for a 25-car
train from 1750 to 1800 tons. .

Or or . ot the coneentrater yards the ore traing are taken
by u swilching engine called the “'spotter”, which places one
ear at a time over the weighing seales, after which they are re-
arranged for placement over the concentrator bins from which
the ore is fed by gravity to the crushers.

On June 20th this spotting service was tuken over by a single-
unit cleetric locomotive and on July 2nd the night service up
Smclter Hill was taken over by the doubic-unit eleetric loco-
motive. The steam locomotive used for the spotiing service
was of the consolidation type and weighed 13 tons, 83 of which
was om drivers, the terdder weighing loaded G2 tons, making the
tolal weipht of ougine aod teader 165 tong, The stewm loen-
motive used in the aivht service on Smelter Mill was shulo
to that used in the day serviee, When thy <leetric enpines were
put on the night service nll the handling of ore belween East
Annconda and the concentrators was done electrically, and the

“lwuling capacity per crew was so much greater that it was no
ionger necessary to have a “spotter” crew on the night shift
so that this crew was eliminated, and the mght crow hauling
the ore up Smelter Hill did their own spolting on arrival at the
concentrator yards, it being no longer necessary to make the
regular number of trips. Thus, where formarly during steam
operation four engine and train crews had bheen required, now
with eclectric locomotives three similar erows were able to de
the same work and in less thme, thereby reducing the number
of crews required in this purtieular service 25 per cont,

On July 0th the stock bin enpgine was replaced by an gleetric
unit. This enpine is engaged mostly in o switching serviee,
placing cams of colte, cunl and other supplics st the smelter.
The type of stcam ongine used here was the sameo as thet used
for the "spotter” service deseribed above.

Another engine lecally known as the "tramp"” beesuse of
the {rregularity of the time or place of its servico was partially
replaced on July 24th. As some of the tracke over which this
engine had to operate 2t times had not been cquipped with
overhead wires, the infrequency of their use not warranting
th~ expense when other conditions made it necessary to kecp
one or more steam locomotives in operation, the service of this
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clegtric unit was infemitbaik. This pracienlly gconpletial e
elveteifeation of thwe Swclier THE sevviee sod o Dortlwr exlen-

sion of clrelrical operation was made umil October,'us the
trolley consbruction on the mwmn Boe was oot completed until
that date. -

On the forenoon of Sept. A0th an inspeectinn trip was made
over the main e foon Aungomdn to Botie and in the after-
noon a specinl tram carrying officials and visiters rom u seighbor-
ing road was taken from liulte to Anaconda and return by one
of the electric locomotives intenuled lor the passenger service.
On October Ist the reguler pessenger sorvice betwoen Butte
and Amnaconda was taken over for clectrical operation. The
steamn locomotives used in the passenger service weigh approxi-
mately B0 tons, 60 tons of which are on drivers, the tender
loaded weighing 52 tons, making the total weight of engine and
tender 132 tons. The distance between the stations—Anaconda
to Butte—is 25.7 miles, the schedule time [or the trip, onchovr,
No cliange hos been made in this time, though & reduction of
20 per cent would be possible with the clectric locomotives
were such desired. The clandard pessenper train consists
of one mail and baggage cooch and two to fuw passenger coaches,
but as many as 12 passenyer coaches are handled by o single
cleciric unit on special gecosions, such as excursions and on
holidays.

The baggage coaches average approximately 40 tons in weight
and the passenger coaches 45 tons cach making, the gross
weight of the three-car clectyic train appraximately 210 tons,
whereas that of p similur steam train was 202 {ons, showing
a reductivm of 19 por cent an faveor of the clecitic locomaotive
with approsimately 33 per cemt more weight on its drivers.
As bad been done in the frvight service, the steam enginemen in
the passenger service were transferred froin the steam to the
electiie locomotives with baut litlde previous inglruction, and
after the fixst day or so wore left mostly to themselves. It may
be of intlerest to note heré that on the day siuft, averaging four
tripg per day, during the first five months lic passenger toain
dic not come in iate a single time on account of engine trouble.
A comparison of the delays to the pnsseuger irains for the
month of June, 1813, steam operation, with the same month,
electricul operation, 1914, &s shown in Table WV, results as
foliows:

P T i b
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I Total
Defoye a9 Aecgmnt of Dietaya
ey of
Mesting Engine | Lost Ruy All

| Paints Power Faiiyre Tl Cayses

Fe. Min, | Hr Min. F Fr Min. | Br. Min. | He. Min

Regam, 1013, .. ore | 15040 | aes 20148

i, 10M.........| 26| 3:di g 24 25 B30

Decranse. .. ,... ., % 11:353 e 20 Jidl 16380
Pezcéntage of wive

log due Lo electrioal

loperation cc0varnnes l 2.04%  TabH 045 | w010 T8I

June was taken at random for n comparison, as thatmenth's
records were still in the office file but the results are considered
representative of penoral performances.

On October 10th o double-unit clectric locomotive was put
in the day froteht service on the wain line Letween Bast Ana-
conda and Reeker, a distanee of 20,1 miles. The steam loco-
motive replaced in this instance was of the Mastodon type
weighing 103 tons, 77 tons of which was on drivers, the tender
loaded weighing 55 tons, making the total weight of locomnptive
with tender 158§ tons, The standard train hauled on the trip
west was 50 to 55 londed vre ears welghing approximately 3500
to 4000 tons gross and the average running time of such trains
where no stups were made wos shout 1§ hours, eorresponding
to an average specid of amproximately 13.4 miles per hour. In
the hepiming the eleetrie locomntive look only the standard
train Lut made the trip without stop in about one hour, corre-
sponding to an average speed of 20 mi. perhr.  The ruling gra-
dient on the westward frip is 0.3 per cont aned about half the
distance i8 down grade. On the 0.3 per cont grade with a55-
car train, the steam locomotive made about seven mi, per hr.
The electric locomotives with similar train now moke about
18 mi. per hr. on the same grade.

The weight of the trains hauled by the electric locomotives
on this run has becn gracally incceased up to 65 loaded ore
cars gveraging about 71 tons each, making the gross weight
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trailing about 4620 ton.. Adding 10U tens for the weight of
the double-umil cleptvie locamaotives and 20 tues foe the cabome
makes o gross train weie bt of approximately 4800 tons,

The remuinder of thix main live freight service was eradually
taken on during the muuths of October and Novenl or, thus
completing the clectrificntion of the main line sorviee. As
many as 70 wdinary Ireight cars loaded with coal, coke and
general merchandise huve been talten in a single train en the
west-Doww] trip wml B0 eogiies see Teegquently taken from
East Anacounda to Hochr cast-bound. the ruling grado being
one per cent.

Table IV gives comparalive results of the monthof June 1013
steamn operation vs. the same month, 1914, cluctrical oporation
of this main line scrvice, showing that with a slight increase in
the total tons of ore hauled the averape s (er irain was in-
ereiwed Fromy 1760 Lo B0TH or 556 per eent, Ums dleveensing U
aversge ptnber of teadog por oy Teon VLG Lo 03, o 26,6 quer
(Al B

Talle Jil, gieing o comparison of the g e Win lor
these trains, is representative of the gdn in this direetion 1o he
added to the decrense in the namber of Lrams. Thoe avernpo
time per tip during steam operition wax approximately two
hours and 25 minutes, while with the clecide locomotive 1L was
approximately one hour snd 45 minuws, showng n deercase
ol 40 minutes, or 27.5 per cent. These fipures vepresent the

time put in by the creves between Rocker am? Anacondn, the

distance being 21.8 miles.

Tho resolh of these bsprovements & indicnted fn Tables 1
nned 11, which slinw that wie overtime in this particular service
hus bveen deercased 78,5 per cont andl W total tine 42 per ool
resulting nol oniy in aealer econtmy o the rmilway connimy
bul in shorter aned easdoy lirs Tor U erows,

Thes service o e Mesatila Gyl Yae romringe Twlwen
Recker and Butwe THIL yado was taden over [or cleelnieal opera-
tion v Ootober 20th.  Thin ne =05 unles o lengtd and Uie
raling gradient 2.0 per oo, Fig. 5. The steam locomotives
used on this line were of e Mastodon type, weight 106 tons,
87 tons of which were on the drivers, the tender loaded weigh-
ing 58 tons, thus making the total weighs of engine and tender
162 tons, Two complete crows had Leen reguired to handle
this service during stenm operation, averszing six trips per day
each. A single crew with a double-unit electric locomotive has
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Been duing this work successfully, Thirly-five to 45 loaded
pre cars are taken down from Butte [1HU yord to Recker, and
about an equal number of emptivs taken up. In addition to
the esptics, large quantitics of tmher and supplies for the
mines are delivered over this line.

TADLE 1

Nuuwnrts of Hovas BxGive Cxwas wees Exrlovnn s Vamiges
Enpvicks—]gxe 1913 Sream Mrrees 1o

Arnconda. Yerd | Bune I Yard Local Road

Du  |Rexsler | Over  (Repuler | Over  [Regulay | Ohver | Regular| Over
Time Hr.; Time e Thme He. Time ¥ls. [Tiens He [ Time e[ Tine i Tine M,

fene 1 0 | 14 a0 w50 20 .23 M 12,78
2 o a.n0 =0 8.20 20 5,55 1] i7.2

3 1 -] == - 20 -] & 15
4 ¥a 15.7%a 20 B 20 B.78 20 1.50
B i0 11.78 20 8.00 20 o.0n B0 12.58
G T 23 20 Lt 0 10.00 30 i4.50
T B0 HH o0 B.YG 20 ®.50 #H 11.256
8 ] f L] 20 n.7e 20 4.7a m 12.25
i o 0.5 w 1.0 m .35 n 11.00
119 ] %76 20 T.70 0 2.0 b 00
i1 RO Bl m T Ea 0 700 30 W05
14 Tu 7.0 -] 2.00 i 0y ] E 1d.on
m 40 340 10 1.00 i 6.5
14 kL 18R 1] 1.8 b T an fi. o0
145 il 15 = E7a b ] 5.0 k] it.un
n it KT 20 0.5 i 1,00 30 .85
7 L] T.Th &l . P (L 1] 3 1620
s i 19.%7 ¥ 1.4 i 10, 76 30 t 12,60
W T L[ s 11, 1} ] 3.7 w0 L)
o0 ) 12,00 40 i 7 b 3,75 ki ARG
F1 s ] 8,73 m 10,25 b1} 350 30 2.7
-3 T 5.50 ! 7. b | .76 30 10,00
i | ™ .00 &0 R.25 0 6.70 30 B35
i a0 T.50 w A, 00 ) B.0D 30 .00
25 7o [ F-i 0.00 o 6,00 50 1450
Forl ] 10,83 " 0.0 5 700 0 | wm.aw
m k)] T.75 w7 .1 .00 30 | 1088
] ] 5.5 m 1.8 0 475 an o.00
il R (IR ET] m 1.&0 = a.T a0 TS
a0 Ea H.TS 20 0 .00 an .60

Tatal 200 7. 50 60 20850 Ll .25 g0 33050

Tons Ore Houled Dudng. Mosth—811.400

On November 25th, the last of the electric locomotive units
went Into service, thus completing the electrification originaily
intended. The full electrical service has, theréfore, now been
in operation more than nine menths and that on Smelter Hill
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anpre Whan 15 months, so Chat e doka) Jseimtive-miles opeentod
wolh] e approsimuiely chee Lo an aversye year's performance

TAlLE L

Husomen dF Nsas Bxaine Caows wens Kuosoven 0 Yapisus
Bawy =] ure 1204 Visomwsear Drritiion

_— e & 3 e - =t I ——— s ey

Anporendd Yamb | Hage 1608 Yied Lecn® Thgml
Dae lepnas | Wiwr Regidney, T Hﬂﬂlﬂrl vem Brguiar] O=or
1
Thne | Time | Time | ‘Time T Timn | Time | Time
June I ™ T.EF 20 1,25 ] .00 n 323
H 0 8.2 i 4.00 2 360 A0 500
2 il f.3n 10 100 0 .00 k1] 025
& G0 T80 b[r] 2.00 0 .73 1] 4.5
& fin 12,50 ) 4.00 0 T.73 o] 280
o fil T i 2.0 ) EW 1] 404
T 0 ¢ E.U5 10 @00 i 4,08 0 [ ]
B B0 .| B.T& ia 1,78 0 by | 20 a0
1] B0 1050 10 1.50 @ A.Ta 10 4.5a
10 GO 11.25 10 1.75 mn }.0g a0 L.Ta
1 6o . hi1] 1,00 u 1 TR n I-23
. ] 0.0n 114 1.00 w0 . “a (5]
1a g 1.75 wn 1.00 10 1.0 1o i.00
" L1 B 10 B 1] .20 = §.58
15 6o 0.0 LU - i 395 26 1560
n £t 4.00 W 1.5 0 =+.nid w0 3.00
17 i b 1] i.n i ] A.00 =0 174
i1 i) 818 1] 1,54 "0 435 & 1] 1.50
1 G 7.35 m W 11 ) s 2 »an
0 G0 .G L] 1.74 bS] 1% an &0
| 0 5T 114 .75 " .4 L) bo2a
g an T 10 1, ¥ E ¥ L o 2.5
b 0 BT W 1 0ly 1 1 &0 bl norn
M 7] fi.4a i 1,5 i 2,00 i 9. 5
20 I T.7h0 n B ] = - 1] b L ]
20 &0 0,95 m 1.949 0 b ] a0 1.5
&7 G 8,50 10 123 0 =400 b} 3.73
3 a0 4.5 Hi3 4.00 10 1. b 2.00
] o &, i L 18 T 2 350
HO el 1,50 g |‘ 148 ] .35 #0 30
Total 1800 2300 F U 550 %00 L .
Deesenas Ann 42,50 20 100 LT L ] SRD 240,50
Regralnr Ovar Tatal
Total time 1953—Stexmm. ... ...0. cassas H2ED.00 10L12.TH OXI.TE
. " 1018 Eeetrle, . ooernn, rrangy JOUC.BE  £42.00 TV4I00
Doernats. | uaniiaeiiinns iareiiessiicaiidaiese DRO.D0  BMNLTE 1380.7H
Puroeesmpn of doeroest. . oooevseacanraissnanes . BE.ERGE MG UDTR ERUNRGS
Tonz ore bauled duting monih—31 0 700
This was the first installstion of 2400-volt direct-current

appardtus for the nporut.‘nn ol o railway in tlis country, 1500
volts being the highest heretufiore installed for such a purpose.
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The results have been mave satisfactory than bad been anti-
cipated and the devalopment charges due to such imperfoctions
as usually appear during the first year of operation have been
perhaps smaller than is customary with an undertaking of like
magnitude, even where standard apparatus is used.

TABLE IIT
Compantson oF Tiue Reguizen pen Teir of Freices Trase "
Brywess Bocees axo Asacowos—Fiesr 2 Dava o Jone 1913, Steake Oramatios,
wirn CompsiroNnrse 3 Davs BiecTatoar OronaTow.

1513 Sseam 1006 Eloctris
Bast Pomnd. | Wit Bouad Bast Hound West Bound
Trolw Mo Toem | Time Tuna ‘ Time | Taim | Time Toms Tisitg
[1fe, Min, e, Win Fir. MEn. TTr. Mim
e s =
i (e I $13 i ERL. pL ] ik il &0y
| [LH] [F ] btk | LR ] HiLY s L 20
1 o A eEh | JT0 ézin | N s |raa | Al N ]
(T win | a0 | mdun | zoemu | s | potw | mem | pitw
5 oy 2Nl | M4 - R L1240 [T A 2103
i 10dm 200 | ugus 108 i A .
T 1010 400 ia -k P -
] 410 pofiT | s1I0 3148 dif 130 | Tom %:00
2 1010 210 | men 200 | Tim4 140 | aran I 185
Tnd 3 1010 F 3 E ] pess. L ] 1288 :00 | IThg 420
4 1mg 308 M4 400 s b s45 | 2:70
5 roé g0 L b il T 700 ek o] P00 | HFID 2:20
[ (T F:00 | moao S:00 | 1100 1355 | umd0 | 238
] " as0 |- I 4 -50 ATD bk | 236 118
b 1618 L ¢ 50 {15.1] $:4% | 120 140 | g Liag
drd I =i + 1] oLt RS 1204 wiDs | J40uE 1:30
1 g &3 L] 1+ L+ 1390 | 700 1140
F ] 160 2:a0 | 150 o0 | 10 10 | d138 | Ted0
L] 1084 SR ] 2 A 040 13200 2315 u Lel0
Towal 10 17102 40:17 1S<4FB0 4370 17-L00E0 35043 I7-500T0 3040
Av'ipe pev
Tyideioe e WG 4:20 I6ED M My 1idd 18 1:48

Crmmd Avernpe. 1708 toos per tindn, time per trip 3.25; W60 bane per beadn, Ui per L
148, ’
Besull, 2004% Ircr=ase {n tonnnge per traln, 37 AR5 deercase In tisee par trip,

*On Jine Sih, 1614, one maln e crew was jsken off sod the tonnage of the remalning
tralns jucreased a0 ot to hoodi cho regalor basinga,

Difficulties especially atiributable to the higher potential
have been negligible, and while there have been occasional in-
stances of zrring and fashing or short circuits due to qrdinary
causes, the resultant damages have beem really smaller than
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migﬁt be expeoted from a like necnirrence on a (H0-volt installa-
tion of caval canacily,
The original brushes supplis] in the motors chipped badly

ALY IV

Comprarizon o0 Praaart Thain Moviuesxis peowess Rocsnn any AXavonsa.
Stean Deraavion ron Moeme op Jusee 1R wmie Tueciioa), Dremamios yus Suuye

Biowea 2014
1913 ?lm 191 Tleetric
Eam Pound Woess Dol Bam Doumil ; Weay, Doand -
X, Tewl o, Tl Na. Takal Mg, Total
Date Trates | Tona | Tridns | Tous Tenksa | Toms | Trablsa | Toms
=zl v
1 ¥ T " [l i Ll W LEg 1]
x o i b A i afx [} SR
1 ] b1 1] ) 1y H TR | (S
A ki finkg L 0 bt 1 [ %=y L] (|5 =]
o r ] fd% # | B n LA i ¥ 10
] k) e | ] {1 iq dpni “ F e
L 7 i 1] i ] [l i i (1L
& T b T 1T A e b (ki)
“ B Egoe 1 19507 & Btk § 15,10
19 3 SAEiD | g & T b fnanau
i1 <] ey a3 1 i el MR ] i = ]
13 -] AETG 0 XY A i ] 5 Vesnl
i3 & ki o (e i o | b ]
i 5 L1 & TR 4 dling L] Llehe
4] 1 65T [ 3 T]1 5 S L 15701
10 3 5180 i s i ] 4 16408
't ] biis a 15 % oL 3 . Tl
1] £ 451 & AR i et 4 T
1] 7 i} [ A 3 A n TRisg
L 7 BIT? U LR & 7 a (4910
a1 : | AT [} T L] LR L &R
2 ¥ ety ] 1] e bl ey ] 15613
s} i A8 [1] (1R i1 a1 + 15600
-1 ] P o Lz b n 530 ] 18517
) L A T 1t & Bl | L 1RANE
0 7 G o 1ELH A OThe ] P
i 7 ¢| mnas o 1Tul 4 P i LR
] 7 el 5 17 % AT ) A JEELY
o] 11 s i THiRaA ] LT & 1Ml
an o e i 1Tl i iy ' 1 NI
Towdl.ow ... I8 303,030 153 47 Ll L L T T I AhnooT
Average, ... B9 wdS L N v (A .0 W]

Grand Avesaygs 125 trales pes day, T700 Lona pu Dends, 003 feniey poe day, 2978 poss per
Tratn.
Rertilla=—=20 0% Jorn trainm. 35,008 prealer wonnRge e brli.

and before all these had been replaced i was often found whon
the units were brought in for regular inspection that some of
the brushes were broken entirely into pieces, and while there
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was evidenee thit a flash-over mright have oconrred at-zome time,
no harm hal resalted other than the Blowing of the motor luse,
on the replacement of which the epgive wus continued in service
until its regmlar time for inspection, whoen the couse of the fuse
blowing would first be discovered,

The favt that the locomotives continued in service thus is
suflicicut evidence of the harmlessncss of the are-over and in
no instance of the kind has any rcal damage been done, The
locamutives have made from 25,000 to 50,000 miles cnell and
without exception the motors are in excellent condition. “The
wear on the commutators is imperceptible and the pemeral
performance of the cntire cquipment is guite as satisfactory
andl promising as that of any railway equipment with which
we have had exgpierience in similar service.

The overhend construction has been quite satisfectory and
a recent examination of the trolluy wire shows no indication of
unusual wear. The roller pantographs are ~perating quite
successiully, the average life of these being from 10,000 to
12,000 miles per rolier. Where a double-unit locomotive is
operated, the two pantographs are connected electrically by a
main bus line, and the average current collected by cach, when
nseeniding the grades with standand loads, is from 350 to 100
ampures. Two panis,  hs opaating in multiple thus will
collect more thay e, © (ie current that can bo succcsslully
collected by a single pentograph for the reason that sparking
is wsually due to the momentary breaking of contact hetweon
the trolley wire and the roller eaused Ly hard spots in the line.
When two pantoiraphe are operated in multiple Loth do not
encounter these hard spots at the same instant, henee ong of
the two ismore apt always to be making good contaet, so that the
flow of ¢urrent is not so frequently interrupted and conscquently
the sparking is preatly ruducctl. The double units eperating
on Bmeller il were run experitnentolly for siveral Juyy with
only a single roller making contact with the wire, the operation
being quite successful with the single roller collecting an aver-
age of 650 to 750 amperes while running at 16 to )7 mi. per hr.
and 300 to 1000 ampercs during the aceelerating period i
multiple. The sparking was mot serious except at hard points
in the line, and with two rollers in multiple there should be no
difficulty in collecting 500 to 600 mmperes per roiler, which at
2400 volts g% =!d be egual to the mqu:emmts of any ordinary
locomotive unit.
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The hearings fitst usert 0 the milles were jrovhiled with
ordinary awhings lebwicatoed o 30h ol Tat when e hoshings
beeame shightly worn $he oil was theown out along the spindla
and hal w be replenishe] ol eamparatively (oguent intervads,
This was not serious in the operation of the freight locomotives
but beeame mere 5o whon Uie passcnger service was staried,
as the higher speed erused the ofl to be thrown out more quickly,
resulting in very ghort life of the bushings. Sliglt changes
were made o the bearings and greanse was sobaticitind for the
oil as o Inbricant, which provol guite satisfuciory.  Towever,
thie vibration which results from too mech ploy in the bearmps
of the rotler when opemating at high speeds made it desirable
to increase the life of these bearings as much as possible, so
that, later, roller bearings with grease lobrication wore installed
with sxcellent results.  As yot, these have not bieen in operation
o sufficienl kmgih ol time to indicate definitely how long they
may be expected to last, but {4 wonld appear that the bearing
will last much lonper than the roller and that the attention
required for the adjustment ond lubrication of the bearing or
the roller will be negligible.

On account of a decision of the mining compony to divert to
the Washoe sinelter, at Anaconda, the shipmuent of approxi-
mately 3000 tons of ore por dny that bad previce v been sent
to the smciter at Great Falls, which will inercase the ore traffic
over the Butte, Anaconda & Dacific approximately 25 per cont,
an extra moter—penerator set, o duplieate of the orginnl sots,
his been installed in the Anagonda substalinn as o spare sot,
aned [one additional electrie luesmolive units were orderad and
will e delivered within the next throe months,  These units
will be duplicates of the eriginal owes exeopt that they nre to
he areanged for oporating wilh mn exten troetor Truck attnched
when desired.  This teactor tracl will be a dupticate of the stand-
arel truck nsed wmder the roguler wnits, with two standurd sootors
mounted upon it with the reoussary arranscments [or coup-
ling, both mechanieally and clectrdeally, so that the standard
unit and the tractor truck may be operated as a single unit,
The motors of the tmactor truck are connecied with those on
the standard unit in such a manner as to place all six motors
in ‘series an the series points of the controller, and with a series-
multiple connection with three motors in each series. on the
multiple position of the coniroller. This arrangement will
make the tractive effort of the new unit 50 per cent greater
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thay that of a standard unit for the same input, with 2 reduction
in the froe running speed of about 33} per eent.

This arranpenwnt was made advisable because of the incrense
in the weight of the trains taken up Smelter Hill, nmounting
to approsimately 56 per cont. A single unit when used in the
Yspotting” service is taxed close to the slipping peint of its
wheeis when accelerating these heavier trains on the 0.5 per
cent grades under ordinary conditions of weather, and has to
be handled very carefully with vhe continuous tise of sand when
the comdition of the ils & uniavorable.  Comeeting the addi-
tional motors in series will also result in considerable power
econtimy, since with a single unit the contreller is scldom off
the series resistanes points, on aceount of Wie hesvy Lrains handled
and the short movements: vequired,

Small ehange it the personsel of the maintenmee ne operating
depirtrients of e radlwety hae Teen mnde on weeount of the
vleetrificnlion, nor hus there Teen any redoetion in salaries or
wages,  An extro man with deetriond experfence was placed
in the shops Lo supervise the cleetrical repains 1o 1he locomotives
and three lincmen were relgined for (e montaonee of the
troiley systent.

The three steam switehing locomotives used for concentrating
the ore at and distributing supplies from Butte Hill yards are
continucd in Uids work for teasone herelolore stated.  Another
steum locomotive 35 used on the (eonpetinrn beaneh and o
fifth one operates at intervals over unclectrified trocks at the
Annconda eml.  Appruximately 20 per cent of the total loco-
molive-miles pow being operated 35 by these five steam  loco-
motives, the cost of whicl, a8 shown In Table VI, is upwards of
40 per eent of the total cost of all locomotive performance.

The electrification of the remaining iracks on Butte Hill

Has bueen recommmende]  and o doald will Le cemmenced sl
an early date, Table VI refurrel to was made up from the rep-
uler monthly lpcomotive performance sheets of the railway
company, from which the priocipdl saving resulling from the
cleetrification may be notel. The saving from the partial
suhstitution of clectric power for eoal is the chief itom, being
at the mate of $150,727.04 per year, which is remarkable when
it is considered that more than 39 per cont of the total combingd
costs for fucl and power for the period ronsidered was for coal
and charged against clectrical operation. In this instance
the saving on this item alome would undoubtedly justify the
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expendiiure covering the entire rost of clectrifieatinn. It s
to he noted that with a single veevption, that [or depreeiation
of cquipment, every tem of yrpeditune in the locomative
performanee <hrel shows o substuntal perconiage of decrease
in [aver of clectrieal operalion.

It is the proctise of Lhe milway company Lo mlust deprecia-
tion thasgees o all !t:-lc-umntlws nl the beguning of eoch ol
year, The amonnt to e ehargeil to the depreciotion of a new
locumotive for the first half yoeur 30 18 In seeviee 8 determined
by talting a fixed percentage of is cost to the company, one-
sixth of this amount being charged against the loconotive cach
month for the half year, at the end of which the nmount of the
deprecintion for the peried is dedocted from the origmal cost
of the locomutive to give a new value, of which the eriginal
fixed rate of percefitage is taken in determining the amount of
the depreciation far the follawing hall vear, an! s on.

The Interstate Commerce Connnission ruling does nol per-
mit & depreciation charge until fbe locomeotive actually beeomes
the property of the railway company and as (ke electric loco-
motives were not formally taken over by the company until
March, 1914, the proper menthly charge begins only with that
month in the regular monthly performance sheel {romy which
Table VI was compiled. In foirness to the performance sheet,
only the proper monthly depreciation charges were made, but
as some of ithe locomotives had heen in service cight months
before these charges began, an zdjustment was necessary to
make a proper distribution of the hack rdeprocintion, so thut
while Tuble Vi shows only the proper monthly charge for the
X montlis comparcd, pmounting Lo §8471.84, in Table VII
pnder Ymamtemuice of equipmient” the total back cltarpes
wer meluded, amounting 1o S2L0ATHR. It 18 evident that
the deprociation reekoned on thi hagis for the frst months of
serviee wodlid be ermmparatibety high,

The tolal saving from Incomnmtive performanie nlone as m-
dicated by Table VI ieatl the rave of §237,581.52 per yoear, to
which should be added the credit of handling an increase of
traffic at the rate of 13,038,130 tun-miles per year or 8.77 per
cent more thao was handled by the steam locombtives ducdng
the period vompared. To this saving from locomotive per-
formance should be added the saving from trainmen’s wages,
which is at the rate of §31 14£.20 per wear, ¢+ a1 decrease of
approximpiciy 21 per cent, duo largely to the elimination of
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avertime (Thbles I and I1). making the total saving from these
two itens SI08.728.12 por year.  From this sheuld be deducted
810,430.12 for maintenance of the distribution system, leaving
257,589 as the net operating saving per _»n.a'r duc w clectrical
operation,

The roadmaster states that it is quite evident that the elec-
tric loconolives are niuch casier on the trock at curves but that
thoere is no noticeable difference on tanpent track, and that
while sufficient time has not yet clapsed to form definitc con-
clusions, present indications lead him to cxpeet that any dil-
forence relative to his work will be favorable to the clectris
locomotives.

Arranging the items of exponsgs appearing in Table VI in the
order of usual appeoarance in the summary of a standard loco-
motive petformance sheet, and placing them on a yearly basis,
results as follows:
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The total cost of the clectrification, including a change of
sipnnl system on Smelter Hill, the extra melor-gonctator sel
recently installed at Anacomda, interest during construction
and all incidentals duc in any way to the electrificalion, was
in round numbers $1,201,000. This does not include the step-
down transiormers, which are the property of the power com-
pany, but on the other hand no deduction has been made for
the salvage due to the climination of 20 stcam locomotives.

If a correction be made for the item of deprecin’: 1 in Table VI,
charging the regular monthly amount of $2711.19 begun in
March for each of the six months, maling the total of this item
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for the perind B16,200.7% inalead of $5.471.84 nu it stpnds on
the porformance sheets, the total saving por vear [rom ince-
motive performance woull be redueeid 1o 5221000 8, making
the total net saving $21229%,12, whiclt is equivalent Lo 20.02
per cent on the culire = of thd eleetrilicition, Lo say nothing
of the Increased vapacity of the lnes, the improvement in the
service wud more regulae working hours [or the vrows, a8 1w In-
dicated in Table V, comparing the delays 1o traffic, and Tables
I andd 11, showing the decrease in overume.

From Table VIT it will be sees that iT2oken on the basisof the
increasz shown in net operating revenue, or opernting income,
this pereentage is slightly greater, the rate of increase per year
for these items being §288,150.80 and £282,016.90, respectively.

The estimate on which the decsion W proveed with the
electrification of the rond was made, placed the annual net saving
cxpected nt 1T.5 per cont nf the eost, =0 thal (e resals Gnaneially
have beon quile as satisfactory as the peneral performance of
the equipment.
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