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ENVER, the 1909 conventton ctty, ts the me-«
tropolis of that great agricultural and mintng
district extending from the Missouri River on

the east to the ranges of the western mountatns not
far distant from the Pacific coast. It is the soctal, political
and mercantile center of Colorado, a State which ts unequaled
tn tts vartety of natural resources.

Quite properly it is satd that the chtef assets of Colorado
are its scenery and its cltmate. In the valleys between the
hundreds of magnificent mountatn peaks, occupying the en-
tire western half of the state, are found some of the richest
mines in the world, and the mining tndustry has recently
been extended to the production of coal. In 1908 the
mines of Colorads produced $42,199,804 in metals and
$19,550,000 tn ccal. Notwithstanding these enormous
figures, illustrating the extent of Colorado’s mining industry,
the substantial growth of Denver and other Colorado cittes
is accounted for even more largely by the agrtcultural and
manufacturing output.

To the traveler from the East there exists an tdea that
Colorado is an entirely mountainous State. Such a concep-
tion, however, ts far from true. The entire eastern portion
of the State from a line drawn north and south through
Denver is a comparatively level platn, the tnhabitants of
which are wideawake, aggressive people, tnterested chiefly
in manufacturing and agriculture. The manufactured
products of the State for 1908 were valued at $200,000,000
and the agricultural products, tncluding beet sugar and tts
by-products and live-stock, totaled $136,943,000. The
western slope of Colorado is one of the most ferttle fruit sec-
tions of the country and tn one county alone 2,000,000
acres of land, well suited to general farming, await settlement
and development.

The location of Denver is ideal for a business, residence
and convention city. It ts sttuated on a level plain 20 miles
east of the foothills of the Rocky Mountains. The general
elevation of the city above sca level ts about 5200 ft. To
the east, and sloping gradually toward the Platte and Arkan-
sas valleys, are vast plains, farming and grazing lands; to
the west, and, seemingly almost withtn reach, ts the magnifi-
cent Rocky Mountain range extending in an unbroken line
north and south for 150 miles.

The valuable mining and agricultural resources of Colo-
rado, combined with the delightful climate, have made Den-
ver truly a city of homes. The street ratlway system, which
so well serves this city, has scattered the residences over a
large area tnstead of permitting congestion close to the busi-
ness center. Denver has broad, level streets; good water,
atiractive homes and ample shade. Strict firc ordinances for-
bidding the ercction of any but stone or brick structures have

caused Denver to be as substanttally butlt as any city. The
following table presents interesting data concerning Denver:

] T DENVER STATISTICS
Area, square miles.......ieiiiiiit i i 54
Population ............... A e T o B D 235,000
Miles 6f!slreels .................................... 1,220
Altitude above sea level, feet. ........................ 5,200
Assessed valuation.........oiiiiiiiiiiiiiiiiiin $125,000,000
State Capitol, cost..evreinrerinininnnnnnnnnnnn 3,600,000
United Stales Mint, cost...vveiinneeiernnnnnnnnnnnnnn 2,000,000
New Federal Building, cost........ovuiiiiueeneennn.. 2,000,000
Auditorium, seating capacity, 13,000; cost.............. 750,000
Public Library Building (100,000 volumes), cost........ 375,000
Young Men's Christian Association Building, cost........ 300,000
Young Women's Christian Association Building, cost.... 100,000
Publich bath, house, (costi . «ui 2o - meiseeeke s s s o 0 s e 1= 75,000
Colorado Museum of Natural History, cost............. 160,000
Sanitary sewers, miles....co.iiiiiiiiiiiiiiiiia. 300
Storm sewers, miles. .. ...... .. il 85
Curbed streets, miles ..........cooviiiiieiinnn... 250
Asphalt pavement, miles................ ... .ol 56
Stone and cement sidewalks, miles.................... 1,000
Electric street car lines, miles.............coovuiun... 200
Interurban electric railways, miles. .................... 125
Macadam pavement, miles......coovviiiiininiiiiann. 10
Stone pavement, miles......... G S s SR B s 5
Surfaced streets, miles. . .....covveeieen i n.. 200
Public parks (including 1200 acres)................... 24
Bank clearings (1908)..........cc0iiiiiiiiiiin... $411,493,943
Building permits (1908), value....................... 10,024,000
Church edifices.....vuviiiiiiiiiiniieninennennn.. 180
Hospitals, homes and sanitariums...................... 34
Banks, with deposits of $66,000,000................... 18
Building and loan associations................cc0o.ua.. 7
Newspapers and publications (five dailies).............. 87
Theaters and places of amusement......o.cvvvuernn.n.. 24
e e e I o 86
Wholesale houses.......covvieeeiiiiiiiiiine vuunnn 100

Seventeen railroads, six being transcontinental lines; 126
passenger trains arrive and depart daily.

One of the largest and best equipped water plants in the
country, furnishing daily 250 gal. of water to each inhabi-
tant.

Excellent street and residence lighting service.

Denver has five well established electric railway systems,
each serving the needs of its own particular field. The
Denver City Tramway Company, including the Denver &
Northwestern Railway extending to Leyden and Golden,
operates 222 miles of track in the city and its suburbs. The
Denver & Interurban Railway, an electrified division of the
Colorado & Southern Railway system, connects Denver with
Boulder and El Dorado Springs, electrically operating 58
miles of track. The Denver & Inter-Mountain Railway, a
steam road recently electrified, extends from Denver to
Golden, 22 miles, at the very foot of the Rocky Mountains.
The Denver & South Platte Railway now has a 5-mile
suburban linc to Littleton tn operation and is planning the
construction of a 15-mile extension to reach attractive natural
resorts tn the foothills of the Rocky Mountains.
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Denver City Tramway—Map Showing the Lines Operated and the Extensions to Be Built Within the City of Denver
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THE DENVER CITY TRAMWAY SYSTEM

citizens may justly be proud, and to the visitor
interested in railway work the Denver City Tram-
way system presents a subject worthy of careful
study, particularly on account of its well maintained phys-
ical property and its harmonious, well advanced operating
organization. Among the many excellent features of the
Denver City Tramway which are unique are the system of
car dispatching by telephone, the use of trail cars for handling
the rush-hour load, the light and substantial design of this
company's cars, the well maintained narrow-gage T-rail track
paved with solid concrete and the efficient power generation
and distribution system.
Denver is a comparatively level city and the railway com-
pany’s tracks have few grades. The location of the trackage

DENVER has a street railway system of which its

the company shall build 10 miles of extensions per year for
seven years. [ his regular plan of extension permits the com-
pany to have a well organized track force which also is en-
gaged in reconstructing about 5 miles per year of old cable
track. The organization of the civil engineering department
is headed by a chief engineer with the necessary staff of clerks
and draftsmen and with an assistant engineer in charge of both
maintenance and new construction of track. Under the as-
sistant engineer are three construction foremen and two main-
tenance foremen. The number of gangs and laborers is
varied from time to time to suit the work in hand.
TRACK AND ROADWAY

The general dimensions of the typical track structure of
the Tramway company are shown on this page. It will be
noted that for paved streets both steel and wooden ties are
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Denver City Tramway—Track Construction with Steel and Wood Ties

within the city is shown on the accompanying map. The
Denver City Tramway has 196.04 miles of track and the
Denver & Northwestern, 26.19 miles—a total of 222.23
miles operated as one system. Practically all of the lines of
the Denver City Tramway are double-tracked. There are
97 miles of streets occupied. With the exception of 7.06
miles all of the track is built to a gage of 3 ft. 6 in. This
exception is the standard-gage double track line between the
center of the business district of Denver and the suburb of
Globeville, which route serves as an entrance for the pas-
senger cars of the electrified division of the Colorado &
Southern Railroad, known as the Denver & Interurban.

In May, 1906, the Denver City Tramway Company was
granted franchises for the present and future expansion of its
tracks. The track extensions yet to be built are indicated on
the map of the city of Denver. According to the ordinance

used. The steel-tie track construction has been used for
1.25 miles in the business district and, it is expected, will be
found desirable for future use. Wooden ties, however, are
still considered as standard for the larger part of the work.

The thoroughness with which the tracks of the Denver City
Tramway are built can best be shown by describing the steps
followed in the execution of the work. A large part of the
city track recently built has taken the place of cable track.
In this reconstruction work the first step is to remove the old
rails and break up the large mass of concrete forming the
cable conduit and supporting the slot-rail yokes. Only one
track at a time can be torn up for reconstruction. When the
substructure of the cable track has been removed and the con-
crete broken into small parts the trench is leveled 2 ft. deep
below the rail top. Into this trench is placed a bed of either
broken concrete or gravel, depending upon whether or not an
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old cable track is being rebuilt. For steel-tie construction
the broken stone and gravel bed within the trench is made 10
in. deep. The ties and rails are next placed. Before surfac-
ing the rails all the voids in the track foundation are filled
with clean bank sand which is dumped into the trench on top
of the broken stone and flushed uniil thoroughly packed.
Wooden ties are surfaced with clean gravel, a center filling
of which is brought up to the top of the ties for a width of
18 in. between the rails, The ties are then covered with a
pavement foundation of concrete which is a 1:4:8 mixture of
Portland cement, sand and basalt rock. Where steel ties are
used they are laid directly on the broken stone or gravel sub-
base and are entirely enclosed in concrete, which it is thought
will prevent corrosion of the metal.

In some of the asphalt paved streets, of which there are 64
miles in the city of Denver, excellent results have been ob-
tained with a surface paving of basalt concrete placed be-
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and therefore the present design of paving surface as illus-
trated includes a row of stone paving blocks from rail to rail
on 25-ft. centers. Although these blocks are grouted and
the concrete street pavement is laid against them on both
sides, nevertheless their presence in the pavement seems to
prevent cracking from expansion and contraction. In the rail-
way company's quarry at Golden an unlimited supply of
basalt is available for track construction. This rock is
crushed at the quarry and forms a substantial ballast as well
as an excellent aggregate for the concrete used in track work.

The rail used in paved streets is a 6-in. 72-lb. tee section
and In unpaved streets a 65-1b. 4 1/2-in. A. S. C. E. section
1s used. The rail ends are connected with the Jones beveled
rail joint, which has been found to offer some advantages
and which differs from an ordinary four-bolt joint only in the
method of cutting the rail ends. The rail ends are cut so that
the inclined faces overlap and closely abut to form a tight
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Denver City Tramway—Typical Branch-Off Curve and Switch Layout

tween rails and in the devil strip. A row of beveled basalt
toothing blocks 4 in. x 4 in. x 8 in. in size is placed on either
side of each rail. The blocks are so cut that they ft between
the head and base of the rail close to the web. These blocks
are grouted with a mixture of equal parts of sand and Port-
land cement. The top surface of the street is then filled in
with concrete made of Portland cement, sand and basalt rock
in the proportions of 1:2:4. The concrete in this form of
track construction is kept wet for seven or eight days while it
1s setting. The Denver City Tramway Company has used
this concrete mixture for a paving surface between rails and
tracks for seven years and the first of this work put in is still
in excellent condition. It is found that the basalt surface out-
wears not only the toothing blocks along the rails, but the
adjacent pavement put down by the city.

In part of the earlier pavement of this type cracks devel-
oped on account of lack of room for longitudinal expansion

joint. Ordinary splice bars are used. The object of this
beveled joint is to provide an inexpensive means whereby
weight brought to bear on one rail end will act simultaneously
upon the adjacent section and prevent movement of one rail
by the other, thus obviating wear on the receiving end of the
joint. On double-track lines the traffic i1s operated against
the incline ends and therefore the receiving rail in a closely
butted joint transfers a part of its load to the delivering rail.
About 7000 such joints had been installed in Denver up to
July, 1908.

The steel ties used in the Denver track construction weigh
14.5 lb. per foot. The design is illustrated on page 495.
These ties are spaced 40 in. between centers. Wooden ties
are of Texas pine 6 in. x 8 in. In cross section and are dipped
in creosote. An untreated tie has a life in Denver of not
more than seven years, but some treated ties which have
been in use for seven years as yet show no deterioration.
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An illustration presented on Plate II shows a typical
special track work layout as designed and built in the com-
pany’s special-work shop. Other views on Plate II show
the interior of the track shop and several of iis tools and also
the laying-out yards close to the shop.

On the 72-lb. rail the joints are single bonded with 300,-
000-circ. mil capacity Brown standard plastic bonds. Near
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Denver City Tramway—Plan of Trainmen’s Room Above
Car House

Corridor to
Office Building

power stations the rails are double bonded and all special
track work is jumped with two 500,000-circ. mil copper
cables. Wherever a lighter rail is used the joints are bonded
with American Steel & Wire pin-driven bonds extending
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fective the joint is said not to have failed mechanically.
Plans have recently been completed for the construciion of
a general office building to be used as executive and operating
headquarters by the Denver City Tramway and Denver &
Northwestern Railway. A new car house with storage space
on two floors will be built on adjacent property and separated
from the office building by fireproof partions. A difference in
the street elevation at two ends of the building will permit
the use of double-deck storage tracks without requiring a
car elevator. The storage capacity will be for 140 cars.

The car-house section of the building will be 325 f{t. long
by 125 ft. wide, subdivided into two bays.
have four tracks and the other five tracks.

One bay will
On the second
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floor of the car house will be three tracks in one bay and four
in the other, leaving wide aisles on one side of each bay tor
repair and inspection work. Above the roof of the car house
a gymnasium, instruction room and trainmen’s quarters 75 ft.
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Denver City Tramway—Plan of First Floor

around the joint plates, and twin-terminal No. 0000 bonds of
the same manufacture. Tests made in July of the present
year on the Colfax Avenue line, which was bonded in 1896
and 1897 with Brown plastic bonds, showed that out of 505
joints only 76 were defective after |3 ycars of severe service.
In practically every case in which a bond was found to be de-

of New Seven-Story Office Building

square will be erected. This superstructure will connect by
a corridor with the second story of the office building.

The office building, seven storics in height, with a floor
area 60 ft. x 125 ft., faces streets on three of its sides. On
the fourth side it joins the car house. The basement of the

office building has the floor on a level with the lower floor of
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joini i i i GENERAL 3
the adjoining car house. It will contain the boiler plant, coal Syethead N REPAIRS

storage and a general storage room with track facilities for — 51—HANGERS—spans, ears, insulators, feed taps.

) . : e 652—SPECIAL WORK-—Curves, switch -
handling heavy materials. The first floor will be subdivided  83_SIGNS—on poles or span wire, © breaiirs, x-overs

" . 56—GROUND—
into quarters for the transportation department, the treasurer 8/ _BROKEN nin iy res and connections.

and the roadmaster. The second floor will be occupied by the 532.‘%%2%%?&N’(I-‘;Rglll‘é‘n%n‘zvlgﬁmbmg

legal, claim, medical and tax departments and the Tramway  §3_FOLEC—Renewing, dig hole, set, release.

Mutual Aid Association. The fifth floor will be subdivided — §2—INSEECTION—General.
for use by the auditing department, the si 67—HAULING.
s O £ aep + the sixth floor for t.he 68—RENUMBERING POLES, Feed or trolley.
engineering department and the seventh floor for the executive =~ 70—REMOVING Abandoned poles, SFire, ete.
72— ELECTRIC TRACK SWIT
department. 73—REPAINTING POLES

4—CLEARANCE
OVERHEAD LINES DEPARTMENT e A A“‘E?y‘;’é‘r}étﬁ’é‘"s trees, forelgn swires et

The organization of the Denver City Tramway Company  "Lighte Slgnals, fiasrere, pecht fecd taps.

includes a department of overhead lines in charge of a super- 100—HQUSE—Car Barns, Walting Rooms, Power House, Sub-
. . a ation, etc.
intendent. This department has charge of the construction 101—CAR—General,

THE DENVER CITY TRAMWAY CO.

Record of Electric Line Construction Maint , ete., for.
SUSPENSIONS TROL:| O-H | O-H | O-H
- 8PAN LEY [SWITCH: XINGS REAK FLL POLES COS8ST
O z EARS msuuvons] HANGERS | WIRE |wire| es rgﬁs ERS

9 LocaTion WORK DONE B

S (o222 1312 " 2152 1 Bl ] |5 MATE

£ s Sl e[zl i’?.‘_’ég G| [l | foi (sl J RIAL] LABOR f| TOTAL
7

— o— \_,"s—__\_,—g_-——-—‘\J'__J__’—,_._—._——I BENEEE SNJENN AR NEEEE N

Denver City Tramway—Detail Record and Distribution Sheet for Line Work (Original 19 1/2 in. X 8 in.)

1 1 ) 102—POLE LIGHTS—Clusters and arc lamps, clear or colored.
and m.al_ntenance ‘of .all tr'()lley lines, and .out.smle feec'iers. 104 SIONA LS Belts ans bussers, ‘an Einge
transmission and lighting wires. It also maintains the light- 106—TROLLEY PARTY CARS—Iilumlnation.
: . . ; . . - 106—ELECTRIC FANS.
ing service for the entire raillway, including car lighting. 107—CAR HEATER

: 10— SPATIONARY MOTORS—AIl kinds.
The superintendent of the department has a general foreman

: . s CONSTRUCTION.
- - roliey nes.
with ‘sub foren;en md charge of trollel); :—mc::l ove;head con HUGUTING stubs, anchors, ete
» s 4] mn —HA G—General.
SUNCHOH, [EFaLS Qi ISRy $os ne. 4 torcman 80—ERECTING POLES—Dig hole, raise, set, bank.
charge of lighting. The department headquarters are at the 81 —SPAN WIRES—Bore hole, put eye bolt, span up.
- . . 82—TROLLEY WIRES—Strmg, pull, finlsh, put on ins. han. ears.
central loop where the superintendent is kept in close touch g5—LIIG11\T{TNING ?RRESTERSfPlaclng all parts.
with the transportation department and also is near his emer- S5 SONSEORG %O%Esé’a';tggﬁmg
S 86—PAINTING POLE
gency = . . §T_ELHCTRIGC TRACE SWITCHES Placing all parts.
Whenever overhead repairs are needed the line depart- Eseden  Liness
ment is notified on a blank which gives the name of the 91—ERECTING POLES—Dig hole, raise, set, bank.
% o WRer e o ] 93—GUYING—Stubs, anchors, etc.
trainman or other individual reporting the defect, the line 92— FRAMING—Cross-arming’ or placing other supports.
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Denver City Tramway—Section of Pole Plat Kept by Overhead Department

- : —STRING WIRE—Pull, tie in, finlsh.
and location with pole number, and a statement of the nature 98_PAINTING ey e In,
of the trouble. At the lower part of the blank are lines 97—NUMBERING—Poles, stenciling. .
) . e 96—DROP-QUTS—Foreign wire protectors, placing.
ruled for a memorandum of the disposition of the report and 8 —FEED TAPS or bonds between trolley wires.
9 : 99—CLEARANCE—AIl kinds.
for remarks. Such reports when received by the superin- Lights, Signals, Heaters, Fans, Etc.

. o — — 1ti =

tendent of lines are handed to the line foreman who sees that 2% Hcs)gsti%n,cg&, Barms, Walting Reoms, Fowes Hettai
. 201—CAR

the needed repairs are made. 202—POLE LIGHTS—Clusters or arc lights, clear or colored.

Each member of the line department turns in daily a D O L e e e il s,
blank on which he distributes the number of hours’ time spent 208—STATIONARY MOTORS—Al kinds.
on different pieces of work. The clerk in the line superin- In the event of any delay caused by overhead line trouble
tendent’s office distributes the time for all general repairs on  being reported to the dispatching office, a delay report, as
construction work by reference to a tabulation showing the illustrated, is made out conveying to the line superintendent
items and account numbers, as used in the company’s classi- the time and location of the trouble and the number of
fication. These classifications of detail accounts are repro- minutes delayed. If such delay is excessive the general
duced herewith to show how thorough a record the Denver manager also is advised.
City Tramway Company keeps of the costs of its construc- During the daytime no emergency crew is kept at the
tion and maintenance work: station regularly, but some member of the department is
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always on duty at the central lop and one trolley repair crew,
with a Trenton trolley wagon and repair materials, works
within the business district, where it may be reached by the
dispatcher by means of the very complete telephone system
described later. The overhead maintenance force includes
a night crew of two men who are on duty from the time the
two day crews leave at night until they return at 7 a. m.
The entire city is served from the emergency station at the
central loop and emergency repairs are made either with a
trolley wagon or with the very complete line car herewith
illustrated on Plate VI. This emergency and construction
equipment is a double-truck car provided with an elevating
tower and a complete supply of trolley repair materials, in-
cluding a reel of wire.
LIGHTNING PROTECTION
On account of the severe electrical storms in and around

Broadway
Sub-Station
2~

Smuh
Wach Poarl

beroked,

N
Fhorside

Argo
Sub-Station
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An interesting feature of this lightning protection work is
the use of a large map for exhibiting the relative location of
lightning disturbances. An engraving on Plate VI shows
this map as mounted on the wall of the line superintendent’s
office. In connection with this map stick pins of three colors
are used to indicate the location of arresters, cars struck and
arresters replaced. As the reports of lightning troubles are
received and as the damaged arresters are repaired, new pins
to indicate the changes made are placed on the map in their
proper location. At a glance, therefore, it is possible to note
whether trouble is more prevalent at one location than at
another, and particular attention can be given to that point.
Several types of arresters are used on the poles. They are
spaced from 500 to 1,000 ft. apart, according to local condi-
tions as determined by experience. Cars are protected from
lightning with G. E. type M D arresters and also with

East Colfax

Sub-Station

Sub-Station

Denver City Tramway—Feeder Line Connections and Possible Cross Connections

Denver the protection of the lines and cars from lightning
troubles has been a problem requiring close application on the
part of the line department. For that reason this depart-
ment has established and maintains complete records of each
burnout caused by lightning. Whenever a car is struck by
lightning the crew immediately reports to the dispatcher, wha
fills out a blank form addressed to the superintendent, advis-
ing him of the car number, line, time and pole number at
which the burnout occurred. The employees of the line de-
partment then inspect the lightning arresters on either side of
the location where the car was struck and make certain that
all pole arresters are in operative condition. Before May 1
of each year this department tests all lightning arresters so
that the efficiency of the apparatus may be assured before
the spring storms begin. A card index is kept showing the
location and a complete record of the performance of each
arrester.

water-box leakage arresters which can be cut in by the motor-
men during storms.
GENERAL LINE DEPARTMENT FEATURES

The line department has a stock room at the central loop
where materials are kept for all general repair work of the
department. The timekeeper acts as stock clerk and keeps
an accurate stock account with each repair and maintenance
wagon and also with the company’s general storekeeper.
The records of this department include pole plats made to a
scale of 100 ft. to the inch, showing the curb line, pole loca-
tions, track arrangement, pole numbers and distances. These
plats are found especially useful in planning the replace-
ment of feeders or the rearrangement of any of the overhead
structure. A card index showing a complete inventory of
all parts of the overhead and transmission system also is kept
in the office of the department. This index, which is held in
a vertical file, shows the number and size of the wire, the
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location and the weight for all sections, the number and sizes
of the poles, the number of incandescent lamps along the
route, the location and description of lightning arresters, the
location of span wire signs, stop and slow signs, telephones
and the size and weight of trolley wire. Pole charts, show-
ing the location of the different circuits on the various poles
also are indexed.

In connection with the carefully kept inventory of the over-
head structures the line department keeps an accurate record
of the work it has done, by entering the details on the pages
of a large loose-leaf record book. One page is set apart for
each line and is ruled to show the account number, the loca-
tion and character of the work done. It also exhibits the
total quantities of the various kinds of material used. Space
is provided at the right of the page as shown, for extending
the items and for ascertaining the costs of the various sec-
tions of the work and the totals.

The overhead construction of the Denver City Tramway
Company is No. 0 or No. 0000 trolley supported with 1/4-
in. or 5/16-in. 7-strand span cable from Idaho cedar poles,
brush-treated with carbolineum. The company has treated
its poles by this method since 1903 and has obtained excel-
lent results. The general details of the transmission system
are described and illustrated elsewhere. At those locations
where the transmission system crosses the trolley or telephone
wires ‘‘drop-out’’ terminals are used to take the place of pro-
tection cradles. Matthews’ guy anchors are used for guying.

A simple trolley feeding-in tap is being made by con-
necting two trolley ears with a blind stud of bronze and sol-

The Denver City Tramway Co.
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dering the joint. In this way ample electrical conductivity
as well as the required mechanical strength is afforded.
At turning *Y’s” 18-in. steel spring-point trolley frogs have
been installed so that it is only necessary for the conductor
to loosen the trolley rope when turning the car, and the trolley
wheel will be guided in its path by the spring points of the
overhead switches. Thirty-seven electrically operated track
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switches have been installed. The control apparatus of these
switches has been designed largely by the company’s men
and the results are said to have been excellent.

The views shown on Plate VI were taken in the streets
of Denver and illustrate the very attractive types of poles
used in certain localities. These poles are owned jointly by
the Denver City Tramway Company and the city and are
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Denver City Tramway—Typical Pole-Top Construction
for 13,200-Volt Lines

used not only to support trolley spans, bui also to carry
the ornamental arc lamps for illuminating the street, and one
pair of city wires. In placing these poles, set on 90-ft.
centers, the Denver City Tramway Company bore the ex-
pense of removing the old trolley poles and of furnishing the
interior steel tubular poles which are set in concrete and
which carry the trolley span wires. The city furnished and
placed the outside ornamental cases and the Denver Gas &
Electric Company furnished and wired the electric lamps.
LAMP MAINTENANCE

A portion of the work of the overhead line department 1s
the maintenance of car lighting. This department also takes
care of the lamps and lighting circuits of all car houses and
installs the wiring in the buildings. The department has
control of the distribution of all incandescent lamps and has
originated a system whereby it not only distributes lamps
promptly, but sees that all useless lamps are returned.

The lamps in the cars are maintained by two men who
cover the entire system in the daytime, and by another man
who is stationed at the central loop during the evening. This
man at the central loop trims all the arc headlights and makes
ceriain that the emergency lamp repairs on the cars are all
taken care of quickly. Whenever a car crew finds that
made to the dispatcher, who calls the lamp repair man on
duty and tells him of the defect and advises when the car
will reach the central loop. As the car passes the repair
man rides along and makes the necessary repairs. When
this man goes off duty at 11 p. m. the car crews may then
obtain lamps from a supply box kept in the dispatcher’s office
at the central loop. Extra arc headlights also are kept at
this central location.

A close check on the distribution and return of lamps is
kept by using specially constructed storage boxes containing a
temporary supply. Such boxes are placed at each car house,
in each department of the shops, at each substation, and at
the central loop. The boxes have two compartments, each
under lock and key, one compartment contains lamps to be
used by the night man and one by the day man. The lamps
in these boxes are not used if the lamp repair men can make
all the replacements during the daytime, and so the supply
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Denver City Tramway—Interior of Denver Auditorium
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Plate II

Denver City Tramway—Special Track Work Shop
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Plate III

Denver City Tramway—Interior of Main Power Station



Denver City Tramway—Argo Substation Denver City

Tramway—Interior Colfax

Denver City Tramway—Clear Creek Substation

Substation Denver City Tramway—Colfax Substation

Denver City Tramway—Leyden Coal Mines

AT eld



Denver City Tramway—Armature Shop Denver City Tramway—Carpenter Shop

- ".if ‘,‘—ﬁ — —— N

o i RS, §E———

“_.,:7'

Denver City Tramway—Broadway Stock Room Denver City Tramway—Blacksmith Shop



Plate VI

Denver City Tramway—Lightning Map Denver City Tramway—Boiler Plant



Plate VII

Denver City Tramway—Latest Type Side-Entrance Motor Car

Denver City Tramway—Coal Train and Motor Car on Denver & Northwestern Division
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boxes serve ordinarily only as reserves. The line depart-
ment has duplicate keys for the boxes, so that the renewal
man on his regular trips can take out the poor lamps and re-
place them with good ones. As the racks in the boxes are
kept full at all times it is easy to account for the total number
of lamps.

In addition to the general reports of work done and material
used by the department, two forms, the headings of which are
shown, are used to indicate the ‘‘lamps used to-day on car
repairs,”’ and the “lamps used in buildings, pole clusters and
signals.”’

POWER GENERATION

Power for the operation of the entire tramway system Is
generated in a large station located on the Platte River just
north of the business district of the city. The station build-
ing is an attractive fireproof structure of brick and steel. Its
location on the bank of the river and close to both steam
and electric lines assures low costs for obtaining fuel and
condensing water. The power station building is rectangular
in plan, with a fire wall separating the interior into a boiler
and an engine room. A switching house for handling the
alternating current transmitted to substations is located about
30 ft. east of the engine-room side of the main station and
opposite the switchboard. This power plant is of par-
ticular interest because it contains both a.c. and d.c. gener-
ating equipment operated by reciprocating engines and also
steam turbines. The total capacity of the station is 7,500 kw,
of which 3,500 kw are delivered to outlying substations; the
remainder is fed direct to the d.c. distribution system.

It is proposed in the near future to extend the station build-
ing for the accommodation of two 2,000-kw a.c. generators
to be driven either by steam turbines or vertical engines.
This increase in engine capacity will call for the installation

Form 310-1m~-12-08
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of seven additional 850-hp boilers and additional condens-
ing plant. In order to maintain a continuous and ample sup-
ply of condensing water it also is planned to build a con-
crete reservoir of 10,000,000 gal. capacity to be located at
an elevation near the plant so that the water will flow by
gravity to the condensers. Two 20-in. motor-driven cen-

fugal pumps will be used to lift the water from the river
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to the storage reservorr. Preliminary drawings are now being
made for these improvements.

The Denver City Tramway Company and a number of
capitalists interested in that company own and operate a coal
mine at Leyden located on the Denver & Northwestern divi-
sion of the electric railway system. Coal from this mine is
handled in trains drawn by locomotives. An engraving of
the elevating and loading machinery above the mine is pre-
sented on Plate IV. It is interesting to note that from the
time the miners shovel the coal into the cars far below ground
until it reaches the grates in the power plant the coal is han-
dled entirely by mechanical means. The surplus output of
coal from this mine which is not required at the power plant,
is sold by the mining company from its yards located on the
Denver City Tramway tracks in the northwestern portion of
the city. The product of the mine is lignite slack, which
costs $1.40 per ton delivered. With the boiler-house equip-
ment, which includes mechanical draft, this is found to be a
satisfactory fuel.

As received at the power plant in the special Denver &
Northwestern coal cars, the fuel is dumped into the receiving
hopper of a McCaslin conveyor which elevates and distributes
it into a series of plate-steel bunkers having a total storage
capacity of 1,100 tons. From these bunkers the coal is fed
by gravity to Stirling chain grates. The ashes fall into
hoppers built as a part of the boiler settings from which they
are carried by the conveying system to cars on the siding at
the south end of the building. The boiler plant includes
thirteen 500-hp Stirling boilers with internal superheaters.
Steam is delivered to the engines at 170 lb. pressure and 75
deg. of superheat. The exhaust gases from the furnaces
pass to a large breeching which leads them to four stacks,
three of which are equipped for mechanical draft. The
engine and generating equipment, a view of which is pre-
sented on Plate III, includes the following units:

Three Green-Wheelock engines direct connected to G.E. 800-kw

570-volt d.c. generalors.

One Allis-Chalmers cross-compound Corliss engine direct-connected
1o a G.E. 1,600-kw 570-volt railway generalor.

One Allis-Chalmers cross-compound Corliss engine direct-connected

to a G.E. 1,500-kw 2,300-volt 25-cycle a.c. generator.

One Weslinghouse-Parsons 2000-kw 13,200-volt 25-cycle a.c. turbo-
generator with Worthington surface condenser.

The Corliss engine units are equipped with individual jet
condensers. The alternating current generated in the 2,300-
volt machine is fed to a transformer bank in the nearby
switching station and stepped up to 13,200 volts, so that this
unit may operate in parallel with the turbine-driven generator
{or feeding the outlying substations.

Distribution is made to four substations over aerial lines
having a total length of about 16 miles. Where these lines
emerge from the switching house at the generating station they
are protected from lightning by electrolytic arresters, of the
aluminum cell type. These arresters operate very satisfac-
torily and have greatly reduced the amount of lightning trou-
ble formerly experienced. Similar arresters are installed at
substation entrances. It has been noted in connection with
the excellent service rendered by these arresters in this climate
subject to severe electrical storms, that sometimes the arresters
will begin to discharge fully 30 minutes before an impending
storm is noticed outside.

The d.c. railway feeders of which there are 35 con-
trolled from the main power station switchboard, are also
equipped with aluminum cell lightning arresters. At the
present time these feeder lines are carried from the switch-
board to the street in a concrete-lined tunnel 5 ft. x 6 ft. in
cross section and about 300 ft. long. The return circuit
using bonded scrap rails, also is placed in this tunnel. Plans
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are now being made for mounting the outgoing d.c. feeders
on specially constructed steel towers, so that the concrete tun-
nel may be used as a discharge conduit for the barometric
condensers which will serve the proposed 6,000-kw generat-
ing capacity soon to be installed.

The chart on page 497 is reproduced from a blueprint
plan of the d.c. feeder system. One of these charts is posted
in each of the company’s generating and converting stations
and shows the arrangement of the d.c. feeders and tie lines
for supplying current to the various sections of the trolley net-
work.

NEGATIVE RETURNS

An interesting bonding installation has been completed re-

cently in the neighborhood of the main generating station
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ratio between the current returning on these auxiliary negative
leads and the station output, and therefore can readily note
any disturbance in the negative circuit.

The connections between these large water pipes and the
auxiliary negative cables were made by using large copper
bands under which were compressed quantities of Brown’s
plastic alloy. Before placing the bands and the alloy the
pipes were filed and the surfaces of both pipes and copper
bands amalgamated with the alloy.

POWER RECORDS

As a means for preserving a record of the power station
performance and for observing load conditions the chief engi-
neer of the plant each day prepares three power-house re-

T 0O THE DENVER CITY TRAMWAY CO. oewen, June 29 k1002
i POWER HOUSE REPORT
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Denver City Tramway—Daily Power Station Engine Room Report (Original 11 3/8 in. x ¢ 3/8 in.)

with a view to minimizing the electrolytic action on neigh-
boring waterpipes. Formerly the railway company received
considerable criticism on account of the corrosion of pipes in
this district, but since the installation of special negative re-
turns the reason for criticism does not exist. The former
sources of trouble were two 14-in. pipes each about 800 ft.
from the station and one 16-in. pipe about 1,600 ft. from
the station. From each of the pipes a 500,000-circ. mil
cable has been run to connect with the negative bus within
the station. An ammeter is permanently connected in each
circuit at the station so that the amount of current collected
from the pipes may be observed. In this connection it is
noted that a nearly constant ratio exists between the station
load and the current returning to the negative bus by way of
the special cables connected with the water pipes. 'When the
total d.c. output of the station is 4,000 kw the ammeter in
the negative return from the 16-in. pipe, 1,600 ft. away,
reads 175 amp. The station operators are familiar with the

ports. One of these, for the boiler plant, as illustrated, ex--
hibits the condition of the draft on the various fires, the
detail repair work done and the cleaning work done on each.
boiler; the temperatures in the economizers, the running time
of the fan engines, the amount of coal received, amount of
ash shipped and the time the conveying system was used,
together with a report of the condition of the auxiliary en-
gines and pumps in the boiler room and a miscellaneous
report of repair work, etc., done during the day. The sec-
ond report, for the engine room, exhibits hourly kilowatt read-
ings, both a.c. and d.c., the period of operation of the en-
gines, and similar details regarding condensers, vacuum, etc..
The third report is an exhibit of the findings of the generator
and motor inspector and a report of the work which has been
done. Each day a curve is plotted showing the output of
the power house, both a.c. and d.c. Copies of these curves
are forwarded to the general manager daily.

Alternating current for the operation of outlying substa~
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tions s transmitted at 13,200 volts on overhead three-phase
transmission lines with both one and two circuits of No. 2
weatherproof wire per pole. There are four substations
located as shown on the accompanying map. Two of them
contain three 500-kw rotaries and two contain two 500-kw
rotaries each. The interior arrangement of the substations
conforms to a standard plan in so far as the location of the
more important pieces of apparatus is concerned. The ex-
teriors of the buildings are not of uniform design, but the
architectural treatment of each has been adapted to the par-
ticular location in which the substation is built. Illustrations
of the Argo substation, Colfax substation and Clear Creek
substation exteriors are presented on Plate IV. The Argo
substation is located in a sparsely populated district and there-
fore is not ornamental. The Colfax substation is located in a
high-class residence district and is built with an attractive
exterior. The Clear Creek substation is located at the junc-
tion of two diverging suburban lines. A detailed descrip-
tion of the Fast Colfax substation was presented in the
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portation department have developed methods for successfully
operating a type of light trailer much appreciated by the
riding public and effecting a considerable saving in operating
cost. The detail methods of trailer operation will be de-
scribed under the section devoted to the transportation de-
partment.

The equipment available for use includes the following
cars: Sixty-four four-motor passenger, 215 two-motor pas-
senger, 44 standard passenger trailers, 18 open passenger
trailers, 62 miscellaneous utility cars and 106 fireight cars,
including motors, dump cars and gondolas used i1n handling
coal. Illustrations are presented on Plate VII showing the
more recent types of cars.

1909 TYPE CAR

During the present summer the Woeber Carriage Company
of Denver has built 25 car bodies, which represent the latest
type of two-motor equipment used in Denver. These cars
are similar in general design to the larger part of the com-

BOILER ROOM
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ELEcTRIC RAILWAY REVIEW for December, 1906, page
991. In the design of this and the other substations of the
Denver City Tramway it has been the aim to have buildings
and installations of machinery which will afford the greatest
reliability of service; therefore, the enclosing structures are
made of non-combustible materials and the apparatus is so
arranged that an accident to one section will not necessarily
incapacitate the others. An accompanying engraving is a
reproduction of a daily substation report as made out for the
information of the chief electrician of the company.

ROLLING STOCK EQUIPMENT

The rolling stock equipment of the Denver City Tram-
way Company is of special interest for two equally important
reasons. First, the management and mechanical department
have designed and had constructed types of equipment which
are especially low in weight, but which have shown a low
maintenance cost record. Second, the management and trans-

pany’s motor equipments, but they include many refinements
and new improvements in minor detail. The general dimen-
sions of the equipments follow:

Fu. In.
Length over bumpers..... S o we v a e St & e ol s e e . 4310
Length over vestibules.........ccoiiuiiiininns wesmeaew 42 10
Length over end bulkheads.............ouvn.. e swenes 34 1104
Width over sills on panels......... - e s e s 710
Widih over belt rail......... S cone 8 4
Width over water table............... et o e € siel's i sfoxs 8 8
Height from rail to bottom sill.......................... 31
Heighi from raillolopofroof............. ............ I 8
Heighi from bottom of sill to lop of roof eoiuieiniinann.. 9 1
Heigh1 from floor to ceiling. .. covvviiinneiiiniininnn.. 7 11%4
Height from rail to highest poml on lrolley base.......... 2 13 2
Truck contexsu .o o aw:wsms o smeme pie v s s s i sas oo v s 24
End overhang (front and rear 1he umc) 58 684 95 smam 9011

Accompanying line engravings illustrate the underframe -
construction, brake and truck arrangement and seating plan
of this type of car. A characteristic feature is the center
side entrance having an opening the width of two panels, 4 ft.
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11 3/4-in., with a dividing post in the middle of the entrance
and three grabhandles. These handles, in connection with
the | 3/4-in. round hickory stanchion held securely in place
in front of the first scat near the entrance, greatly facilitate
loading and unloading. The arrangement of center entrance,
with the side sill offset 7 in., affords comparatively low steps.

THE DENVER CITY TRAMWAY CO.
ELECTRICIAN’S DAILY REPORT

Sub-Station at. Last Colfax 6— 29 — 1909
Starting Rotary, No. 1, 6, A4.M.
2, 6.
w 3, 6.20 <
Shut Down « s 1, 12.15 P.M.
e 2, 1215
3 12,15 ¢
Fans and Motors, Condition of, O.K. -
1
Breakers Out, Time and Cause, D, C, and A. C., Noue
( 476,220 954,550 69290
Condition of Breakers,  0.K.) 472,800 950,950 766,010 ]
o« Switches, ) 3,60 3,87 3280
¢« Instruments, < \ 10,010 K .v '
Output, Average Ampere from 4 to 7 o’clock p.m., 1000 ) -

1800
Average D.C. Voltage from 4 to 7 o'clock p.m., 570

Maximum Ampere from 4 to 7 o’clock p. m.,

Lightming Arresters, Condition of, 0.K.

Number of Discharges, and on What Line, None

General Remarks:

Signed: Qeiter

Day Man.

Signed: Diokey

Night Mau.

Flesiric Ry, Journai

Denver City Tramway—Form of Daily Substation Report

At the main entrance there is a depression of 43/8 in. in
the floor and the depressed portion is but 38 in. above the
top of the rail. This rise is divided as follows:

Rail to top of first step, 14 in.

First step to top of second step, 12 in.
Second step to top of floor at entrance, 12 in.

The floor at this entrance point is covered with a 5/8-in.
hickness of flexolith composition carried on 13/16-in. tongue
and grooved flooring. As this floor receives the most severe
‘wear it is desired by the use of this composition to obtain a
fife longer than that which might be had by the use of wood.
Whenever the floor becomes unduly worn the composition
can easily be repaired or replaced.

The new cars have a seating capacity for 52 passengers
and weigh, completely equipped, 35,350 Ib., thus showing
a dead weight of a little less than 680 Ib. per passenger for a
two-motor car with a total of 130-hp and a length of 43 ft.
10 in. over all. The general details of the equipment include

the following:

Two GE 218 65-hp interpole motors mounted on axles No. 2 and
No. 3; two K-36 controllers; Brill 27 GE 1 trucks with 4-ft. §-m.
wheel base and 33-in. 500-Ib. Grifin Wheel Company cast-chilled
wheels; two Nichols-Lintern air sand traps mounted respectively over
No. | wheel on the right side and No. 3 wheel on the left side; two Tom-
Tinson couplers, type A, form 2, with spring carrier; Crouse-Hinds, type
VW, stationary headlight, with 32-cp incandescent lamps; Ohmer fare
register and Automotoneers.

The cars are lighted by 14 16-cp lamps, hanging vertic-
ally from the ceiling in the center of the car, and four lamps
used to illuminate the car steps.
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ROLLING STOCK FEATURES

In 1907 30 new two-motor cars, each seating 48 pas-
sengers and weighing complete 29,000 lb., were put into
service. These cars have the general design of those built
during the present year, but are somewhat lighter on ac-
count of differences in the length and in the electrical and
cther equipment. The heaviest cars used on the system are
those operating between Denver and Golden and Leyden,
the termini of the Denver & Northwestern Railway. These
cars are 43 ft. long and are equipped with four Westinghouse
101 F motors, mounted on 5-in. axles, carrying 33-in. rolled-
steel wheels.

In connection with the problem of reducing car weights
as carried out by the Denver City Tramway Company, it is
not thought that the design of these cars is less substantial than
that of many cars of like capacity which weigh much more.
With low weight, if the design provides for reasonably low
maintenance, the advantages are obvious. The extreme light-
ness of these cars has not been obtained by sacrificing a
good factor of safety for any important structural members,
but rather by carefully trimming all useless materials until
there remains a mechanical structure of accepted design suit-
able for carrying the desired number of passengers with the
lowest possible dead weight per passenger. The value of a
center side entrance for cars used in city service is quite gen-
erally recognized. With the steps at the center of the car
the conductor is never more than one-half the car length from
the entering and leaving passengers and he is at this extreme
distance only momentarily. Also, with the center entrance
the load divides, part taking seats in each half of the car.
In unloading the movement of the passengers is the opposite,
and thus it is seen that the passengers at the extreme ends of
the car are but one-half a car length from the door, which
they can reach quickly. During operation the conductor’s
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Denver City Tramway—Floor Plan, Colfax Substation

position is close to the door where he can carefully observe
all movement within the car and watch the progress of loading
and unloading.

An important feature in the handling of traffic in these
center side entrance cars is the placing of lamps and reflectors
direcily over the top step. The lamps are recessed in pockets
in the deck rail. On account of the curved shape of the
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reflectors these lamps illuminate the steps of the car and the
street for a considerable distance away from the car, this
feature being of particular value in the outlying portions of
the city where the streets may be muddy and not well illumi-
nated.

In connection with the use of step lights the company is
considering the adoption of a device for cutting in and out
the lamps as a car stops and starts. Such a device manu-
factured by the Automatic Signal Light Company, of Colo-
rado Springs, is now being tested at Denver. The device is
arranged to make and break the circuit which feeds the step
lights so that the lamps will burn when the car is slowed
down to about 4 miles per hour and remain burning during
the stop, to be cut out when the car has again reached a speed
of 4 miles an hour. All of the Denver cars are equipped with
motormen’s mirrors and the motormen state that with the auto-
matically operated light the sudden reflection on the mirror
forcibly attracts their attention, causing them to be more vigi-
lant in watching the steps.

TRAIL CARS

A few years ago 44 trail cars, which exhibit an especially
interesting type of construction, were put into service. The
standard trail car is 38 ft. long over all and 8 ft 2 in. wide.
The center entrance has a width of three window sashes, 8
ft. 2 in. in all. This extra width over that of the motor car
entrance was given the trailer entrance with a view to facili-
tating the loading so that when stops were made passengers
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car. The wrecking car is a substantially built, double-end,
35-ft. equipment, with four GE 58 motors and Brill trucks.
This car weighs 18 tons without its load of emergency ma-
terials and appliances. It is provided with four push-pcle
pockets and a heavy underframing so that it may be used for
wrecking purposes. Entrance to the body, which is undi-
vided, may be had through two large sliding doors. The
window sashes are filled with sheet steel, except at the vestibule
ends. Inside of the car body is to be found a very com-
plete equipment of tools, blocking tackle, etc., carefully
placed on frames and racks. One end dash is provided with
a movable panel so that poles or large timbers may be loaded
into the body. The control equipment comprises two K-6
controllers with a specizlly high resistance so that the car may
be operated slowly. Attachments are provided for mount-
ing snowplows on either end, these attachments being de-
signed to provide for the easy raising or lowering of the plows
from within the car body. Braking power is had with a
Peacock hand brake equipment.

The following tools and equipment are ordinarily carried
on this car:

Double blocks with 200 ft. of 2-in. rope, 100 ft. of 2-in. rope, three
blocks used for snubbing, 150 ft. of 1%4-in. rope for loop to handle
upset car or wagon, five No. 19 15-ton Barrett jacks, three No. 18 10-
ton Barrett jacks, two small screw jacks, five 25-ft. chains with 54-in.
links, one 15-ft. chain with 9%-in. links, one 10-ft. chain with 15-in.
links, one 8-ft. chain with 34-in. links, 10 grab chains with harps 4 ft.
long. The car carries the latest type of replacers, beveled dutch-boards

and large home-made dutch boards, also a stock of ties and 30-ft. rails
with “stay-rods,” 25 tunnel plank and a large quantity of blocking, two

e (e

on the trail car would not delay the starting of the train. The
car roof is built without the use of a monitor and considerable
weight is thus saved. The seating capacity of this standard
type of trailer is 46 passengers, and when equipped with hand
brakes and Westinghouse schedule S M E air brakes, the
car complete weighs but 13,000 ]b.

Some of the car bodies operated in Denver are mounted
on a truck of entirely new design, evolved in the engineering
department of the Tramway Company. The principal mem-
bers of this truck are built of channel sections and the
arrangement of parts conforms in general to the M. C. B. type
of truck. The design has been carefully worked out with a
view to obtaining minimum weight consistent with the neces-
sary strength to support the motors and the car bodies. This
type of truck has a wheel base of 4 ft. 10 in. and the cast-iron
wheels used are 33 in. in diameter and weigh 475 lb. each.
The driver axles are 4 1/2 in. and the idler axles are 4 in.
in diameter. 'Without motors two trucks complete with wheels
and fittings ready to run weigh 9400 Ib.

With the exception of the 19 short, two-motor cars of Brill
manufacture, operating on the Union Depot loop, all the cars
in Denver are single-ended. Controllers and hand-brake
handles, however, are placed on the rear end for emergency
and switching use.

The special equipment operated by the company includes a
double-end wreckmg car, two ‘‘chartered’” cars and a hearse

push-poles for moving wagons or cars, one wagon wheel with extra
bushing in hub to fit any axle, four crowbars, four large chisel-bars, six
small chisels, two sledges, three small hammers, one wood saw, one ax,
one hack-saw (24 blades), one spike maul and spikes, one wire cutter,
three monkey wrenches, two screwdrivers, wire jumpers, extension wire
50 ft. long on wooden pole, used for trolley in case car is beyond the
reach of regular trolley pole, one track gage, one extra trolley base,
stand and pole with rope, two “pick ups” for broken trolley wire, switch
brooms, three shovels, two picks, four different types of king bolts, as
well as a variety of other bolts, bolted clamp used for picking up broken
iron axles on wagons, one extra cluster of 15 lamps with pole to hang on
trolley wire in case of long detainment. Other illumination sources con-
sist of 2-gal. kerosene torches. A *“dolly” truck with a temporary track
is carried. ‘This is raised or lowered by blocks and small chain.

An illustration is presented on Plate IX, showing the emer-
gency car truck built at the company’s shops and so designed
that it can be coupled to the wrecking car and drawn to the
scene of an accident and quickly used to replace a broken
truck.

SHOP FACILITIES

The shopping and car-house facilities include a main re-
pair shop plant known as the Broadway shops, a paint shop
rebuilt from an old car house, and storage car houses at the
operating centers of the north, east and west divisions. All
car cleaning and inspection work, including light repairs and
armature replacements, is carried on at the outlying car houses,
but other shop work and all manufacturing of car parts are
done at the Broadway shops.
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On account of the rapid increase in the rolling stock equip-
ment, necessitated by the growth of the city and the extension
of lines to the new suburban districts, the railway company
has outgrown its repair shop facilities. The best possible use
is being made, however, of the limited quarters, and plans
have about been completed for the construction of a modern
shop plant to be located in the Argo subdivision north of the
business district and within the city limits. The present shop
includes many late designs of machine and other tools which
can be moved to the new shops. With this equipment
the Broadway plant, although crowded, is successfully ful-
flling its part of the work by maintaining the company’s
cars in uniformly good condition.

The shop subdivisions are located in several adjoining
buildings and the departments are organized as ordinanly
found in railway plants which must maintain in the neigh-
borhood of 400 cars. One bay of the main shop is set apart
for truck overhauling work. In this bay are four 3000-lb.
and two 1000-lb. air lifts, serving the five tracks. Repair
work also is done in the open air over pits also equipped
with air hoists.

There are five tracks in the wood shop, with enirances at i
either end of the bay. The equipment here includes the fol- | b A= R [ .5
lowing tools, group-driven by electric motors: ‘ : il

Fay & Egan double surfacer No. 140.
Fay & Egan 16-in. jointer.

Fay & Egan rip saw.

Hall & Brown 36-in. band saw.

Fay & Egan sand drum.
Motor-driven drill press.

Emery grinders.

Wood-turning lathes.

Double spindle shaper.

Mortiser.

The blacksmith shop has an especially modern equipment, ,_
including the following: [

Williams, White & Company motor-driven double-punch and shear;
capacity to shear 175 x 10 in., capacity to punch 2% x 1% in. '

2000-1b. Niles steam hammer. |

1100-1b. Niles steam hammer. |

350-Ib. steam-operated hammer with foot-conlrol attachment.

Air-operated bulldozer with 14 x 26-in. cylinder.

Two coke furnaces.

Six forges.

It is the usual practice to purchase old axles from the
Pullman Car Company’s plant in Denver and use the metal
in these to make all forgings needed by the special track work
construction shop of the tramway company located nearby.
Some of the axles used on the company’s cars also are ham-
mered from old Pullman axles. A brass foundry with com-
plete equipment for making all the castings used by the com-
pany forms one division of the shops.

The electrical department of the shop is housed in a brick
building and has a complete equipment, including a system
of overhead trolley hoists for handling electrical repair work.
The company does all its own motor repairing and rewinds
and manufactures its armature and field coils. Armature
coils are wound on four Ford-Oliver winding stands and
field coils on either of two American General Engincering
Company’s field coil stands or one that is homemade. Coils
are insulated by submersion in an 18-in. x 24-in. tank filled
with insulating compound. This tank has a strong cover so that
when the coils are placed therein the shop air pressure of 80
Ib. per square inch may be applied to the surface of the liquid,
thus serving to impregnate the coils thoroughly. Field coils
are baked before and after the application of the insulating
compound in a bake oven built of brick standing on the shop
floor. This oven is large enough to allow the workmen to
walk inside and give the coils close attention. Heat is sup- |, :
plied by car heaters mounted below an iron checker-plate ¥
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floor and vent pipes are provided to carry off waste gases.
A temperature of 175 deg. is maintained within the bake
oven. The supply of compound for dipping coils is kept in a
tank enclosed in a house built of transite board and angle
irons. This house is located outside of the electrical shops.
Additional equipment in the electrical shop includes two good
lathes on which the commutator and bearing work is done,
an American General Engineering Company’s banding ma-
chine, and a coil taping machine.

STOREKEEPING DEPARTMENT

The five car houses and shops located throughout the city
of Denver together with the power houses and track construc-
tion work are all supplied with stores from a central stock-
room and yard located at the Broadway shops. The methed
of distributing stock is as follows: On Monday of each week

!

v
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the shop accounting system. A very complete description of
the accounting methods of the storekeeping department was,
presented in the ELECTRIC RAILWAY REVIEW for Jan. 12,
1907, page 40. This system is such that each month an
intelligent statement of all the business done by the store-
keeping department can be rendered by it to the auditor. The
statement makes available the stores accounts, distributed as
to operating expense, construction expense, balance on hand,
elc.  'When the information thus exhibited is checked by the
auditor the storekeeping department balances its ledger in
which all materials received are debited to the material and
stores account and all disbursements are credited to the same
account, the balance thus showing the stock on hand. A
special book is kept for recording the material used for and
costs of articles manufactured in the company’s shops. By
carefully entering up the items of material and labor in this
book the net costs are obtained
for goods returnable to the store
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Denver City Tramway—Plan of New Shop

requisitions are made for supplies withdrawn from the small
local stocks during the previous week. These requisitions are
filled and the materials delivered on Thursday of the same
week, the deliveries being made on flat cars pulled by work
cars ordinarily used in handling track construction. The sup-
plies needed for special jobs and for keeping complete the
stock in the central store room are ordered of the purchasing
agent on a requisition blank which includes spaces ruled for
indicating quotations made by various supply dealers.
Shipments of supplies received at the stock room are ac-
knowledged by a *‘goods received’ slip made out in triplicate,
the storekeeper’s office retaining one copy, the delivery man
a second and the third being kept in a book as a stub for
reference. A record of all materials thus received is kept in
a book 22 1/2 in. x 18 in. ruled to indicate the source of
supply and to automatically distribute the cost in accord with

station located in the heart of
the business district of Denver.
On the property adjoining this
station are buildings containing the offices of the 'superin-
tendent of transportation and his assistants, the train dispatch-
ing office, headquarters of the overhead line department, emer-
gency houses, lost and found department, and the transfer
issuing and receiving stations. The careful detail with which
this system of operating practically all cars through a *‘cen-
tral loop™ has been developed is especially worthy of the con-
sideration of those not acquainted with the excellence of Den-
ver's electric railway service. The headway through this sta-
tion is 15 seconds.

The facilities at the central loop include a long ornamental
shelter shed with loading tracks on either side. Each of these
tracks branches two ways at each end and switches also lead
to side tracks so that disabled cars may quickly be shunted
over an emergency repair pit and the headway not be dis-

turbed.

|

Eloctrie Ry Janre

s at Argo
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DISPATCHING

. During the past 17 years a system of dispatching street
cars by telephone from the central station has been success-
fully followed out in Denver. On account of the arrange-
ment of central-loop tracks and nearby through tracks in the
business center of the city the lines of the Denver City Tram-
way Company are particularly well adapted to being handled
by a dispatcher, with his office located at the central loop.
The telephone dispatching system affords the superintendent
the greatest facility for keeping in touch with every detail of
the operation of the cars. Should an accident occur the par-
ticulars are communicated at once to the dispatcher and no
time is lost in summoning the necessary officials, city ambu-
lance or wrecking crew. In case a car should become disabled
the crew can immediately netify the dispatcher and ascertain
means for obtaining the quickest remedy. The flexibility of
the car service and the rapidity with which it enables the dis-
patcher to adjust the headway on any line are the strongest
points in favor of this telephone system. In every city the
condition of travel demands the addition of extra cars on most
lines at certain periods of the day, usually in the morning and
late afternoons. By means of the telephone system the dis-
patcher can so space his cars that trippers can be put out
without confusion and at night when the extras are withdrawn
the dispatcher again can equalize the spaces between cars as
fast as the trippers go to the depots. Any congestion of cars
caused by accident or blockade also may be adjusted without
difficulty in the same manner.

The Denver City Tramway has a regular method of “pull-
ing down”’ the lines at night, but if the dispatcher finds that
the travel on any line is such as to demand increased service
he may hold the full quota of cars and if necessary use cars
which are not needed on other lines. In this way through the
agency of but one man, who is enabled to keep fully alive to
the needs of the patrons on all lines, the service is reduced to
a minimum.

A view of the dispatching station located in the group of
buildings at the central loop is shown on Plate XI. The dis-
patching circuits are operated in the same way as a party
line, each circuit having from two to four reporting telephones
of different car lines. There are 30 lines in all and care has
been taken not to put two busy telephones on the same circuit.

A train sheet 26 x 24 in. in size is used. This sheet is
ruled with spaces for the car numbers of all lines and for
noting the leaving time of each car from the reporting stations.
After a car has been switched at the end of the line the con-
ductor calls the dispatcher from a nearby telephone instrument
and tells him the number of his car and the name of the line
on which he is running. Aided by his familiarity with the
running time and his experience in making quick computa-
tions the dispatcher announces without hesitation the proper
leaving time of the car. The motorman then repeats this time
and receives the dispatcher’s O.K. before departing. At the
same time the dispatcher records on the train sheet opposite the
car number the time of leaving. The running time of all
lines and the time allowed for running between given points
along the line, are published for the benefit of all trainmen.
As soon, therefore, as the motorman receives the leaving time
at one terminal from the dispatcher and the conductor, he
knows at what time his car is due at the other terminal and
just when his car should pass the ‘“time points” along the
route.

The records of the train sheet prove valuable in many ways
especially when it is necessary to gather information regarding
an alleged accident. The train sheets are also valuable for
use in the auditing department.
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TRAIL CAR OPERATION

The successful operation of trail cars in Denver clearly il-
lustrates that during rush hours there appears a marked ad-
vantage as regards freedom from accidents to passengers and
employees. 'This freedom undoubtedly is largely due to the
use of a uniform number of car units on the street during the
entire day. During the rush-hour period the uniform head-
way is especially noticeable in contrast with the plan of single-
unit operation when the downtown districts of most cities are
crowded with single cars running on much shorter headway
than exists during the middle part of the day. By using
trailers to accommodate the peak traffic with trains on the
same headway that exists during the entire day all cars are
operated by motormen well acquainted with their work and
the usual plan for meets and stops is not interfered with.
Again, there is only one train unit (consisting of two cars) to
move through a crowded street in contrast with two units, the
second one of which frequently is manned by an inexperienced
crew. Thus the regularity of headway and the use of ex-
perienced crews helps materially to lessen the accident costs.
The total accident and claim cost of the Denver City Tram-
way does not exceed 1.4 per cent of the yearly gross re-
ceipts.

The use of trail cars introduces a much desired economy
in the original cost of rolling stock and in its maintenance
costs when the design of motor and trail cars are satisfactory.
In Denver the motor cars seating 52 passengers, cost about
$6,000 each and the trail cars, seating 46 passengers, cost
$2,000 each. Thus, if the road has a sufficient number of
motor cars to fulfill its regularly midday schedules a consid-
erable original investment is avoided by the purchase and use
of trail cars so designed that they can be operated behind the
regular motor cars. Insurance charges also are lessened,
which saving, combined with the reduction in interest charge
on idle investment, make a sum worthy of consideration.

It is stated that the Denver trail cars although practically
always fully loaded when in operation, and although stored
out of doors at other times, cost less than one-tenth as much
to maintain as do motor cars. This advantage is largely
brought about by the especially low weight of 282.6 lb. per
unit seating capacity of the Denver type trailers.

About two years ago the engineering department in Denver
made a detailed investigation of the power consumption re-
quired for operating certain lines with single motor cars and
with motor cars hauling trailers during the rush hours. The
approximate load at the switchboard as determined for the
three types of cars used in Denver was as follows:

Kw-hour per
car-mile.
Two-motor car, seating 48 passengers. . ...................
Four-motor car, seating 52 passengers................... 35
Trailer car, seating 46 passengers.............ccoovuuueen

Accompanying these figures, which were published in the
ELecTric RaiLway ReVIEw for May 4, 1907, was a
statement that during a full year the average power consump-
tion per car-day for the entire system, including all cars,
was 405 kw-hours. The average consumption for the same
period was at the rate of 2.32 kw-hours per car-mile and
the cost of current at the power-station switchboard was 0.66
cent per kw-hour. This detailed investigation of power costs
extending over a period of 30 days and including readings on
a large number of cars, showed that the use of trail cars, for
handling double the load carried by motor cars, required but
from 27 to 41 per cent additional power. Thus it is seen
how effective the use of trail cars may be in reducing the peak
load on power generating equipment.

The use of trail cars also reduces the cost for platform ex-
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pense. In Denver the average cost for platform employees
on a motor car is 50 cents per car-hour. With the addition
of a trailer the passenger carrying capacity may be doubled
at an increase of but 25 cents per hour.

METHOD OF TRAILER OPERATION

The regular rush-hour schedules require the use of 25 trail-
ers. During the middle of the day these trail cars are stored
in trains at the car houses which happen to be situated at about
the midpoints on the lines on which trailers are used. Just
before the rush-hour period a train of trailers is taken to a
siding close to the line on which the motor cars are operated
so that when the loads on the motor cars increase and in-
structions are given, the trail cars can be attached quickly to
the motor cars as they pass. This work of coupling has so
been systematized that it is found that trail cars can be at-
tached to motors on lines having four-minute service without
any derangement of the headway and with no additional time
allowance. All motor and trail cars are equipped with Tom-
linson radial couplers and Westinghouse schedule S M E air
brakes.

The flexibility of this system of trailer operation is further
illustrated by the statement that on some of the long city lines
the motor cars haul trailers for only a portion of their routes
and on one line in particular, through the medium of the tele-
phone dispatching system, the service is adjusted to satisfy
the needs of the traffic by using six trail cars in connection
with ten motor cars.

SCHOOLROOM

All motormen before being placed on a car are given a
course of instruction in a schoolroom located in the group of
buildings at the central loop. The course of instruction in-
cludes training a man to understand his duties as fully as pos-
sible before he is sent out on the road with an instructing
motorman. The equipment of the schoolroom includes dum-
my car fronts with complete control, brake, headlight, cut-
out and lighting apparatus. All the important parts of the
overhead circuits also are mounted in the room. In the course
of his instruction the best methods of avoiding accidents are
discussed with the student and he is shown how to use the
brakes and sander most effectively and also how to quickly
trip the fender. The principle underlying the instruction given
in this school 1s calculated to impress upon the learner the
practical workings of the machinery and apparatus under his
charge and the necessity for strict economy in its operation.
He is made to understand, also, that his first thought must
be for the safety and comfort of his passengers and that he
must exercise gentlemanly courtesy toward all. After a course
in the schoolroom under a competent teacher the man is placed
under the guidance of an experienced motorman on a car and
he is invited and expected to return to the instruction room
for information on any subject which may come to his notice
during his working experience.

SPECIAL CARS

A hearse car is operated in connection with one of the
motor parlor cars owned by the company. The running time
to the city cemetery is about 30 minutes from the loop and
the charges made for funeral and special car service are given
on the accompanying table.

RATES FOR FUNERAL AND SPECIAL CARS—CITY
SYSTEM

Funeral Car—Maximum lime for irip, 3 hours, $12.
Funeral Train—Maximum lime for trip, 3 hours, $25.
Overtime, $4 per hour.

Special Car—First hour, $6; and $4 per hour thereafler.

ELECTRIC RAILWAY JOURNAL.

507

For any car run after midnight, minimum price is $10. Wailing
lime of $2 per hour will be charged for car laying over.

Illuminated Car—Firsl two hours, $12, and $4 per hour thereafter.

Charges are computed from time car is ordered at starting point until
surrender al final deslinalion.

To Littleton or vicinity, single car, round trip, $20. Train, $30.

If cars are held awaiting return of party, charge of $2 per hour

per car, or $3 per train will be made.

Funeral Car or Train, same as above, except lhat no wailing time
will be charged while party is conducting burial service.

INTERURBAN SYSTEM

Funeral Cars: Car. Train.
Denver or Leyden, to Olivet.............. $25 $35
Arvada or Golden, 10 Olivet. ............. 20 30
Golden or Leyden, to Denver.............. 25 35
Arvada, 10 Denver.........vviviin.. 20 30

Special Car or Train, Denver to Golden, Leyden
or for any 3-hour Irip...........cc..0unn. 25 35

Running Time, exceeding 3 hours.............. 4 7

Waiting Time, if time of trip consumed more
than 3 hours..........covvieniiieinna.. 2 )

In all cases not enumerated above, the charge for trailer should be
60 per cent of the motor-car charge.

The emergency equipment kept at the central loop includes
the wrecking car previously described, a wrecking wagon and
a fire wagon.

The wrecking wagon is used in the city for quick calls,
such as those resulting from cars off the track or disabled in
any way, wagons broken down or stuck on the track. It is
equipped with drop harness, making the process of hitching
very rapid and easy. The horses stand in stalls facing the
pole at all times. The wagon 1s built very strongly, weigh-
ing about 1800 Ib. empty and about 4000 lb. when loaded.
It has two side boxes for tools, replacers and chains. The
center of the wagon box is used for carrying jacks and block-
ing. A wagon wheel equipped with a false bushing to fit
any axle from |1 1/2 in. to 3 3/4 in. in diameter is secured
in a pocket on the front end.

The fire wagon is 11 ft. long, 4 ft. 6 in. wide and weighs
about 1800 lb. It carries four bridges at all times, six others
remaining in reserve at the barn—sufficient equipment to
bridge 20 hose lines in case of big fire. The wagon 1is
equipped with quick touch, drop harness. Alarms are trans-
mitted to the company’s fire crew by the dispatcher, who gets
the signal simultaneously with the fire departments over the
city’s system.

DENVER TRAMWAY MUTUAL AID ASSOCIATION

The Tramway Mutual Aid Association of Denver was
organized through the efforts of the officers of the Denver
City Tramway Company and its employees in July, 1903.
The object of the association is to provide life insurance and
aid the unfortunate employees of the company who are dis-
abled through sickness or accident.

During the first 30 days of the organizing period 411 em-
ployees became members of the association without having to
pass a physical examination. Since that time the membership
has increased to 798. On July 1, 1909, the total insurance
carried by the members was $615,375, which amount was
fully guaranteed by the Denver City Tramway Company.
The company also pays all of the running expenses of the
association and annually pays into the disability fund a sum
equal to one-fourth of the amount of money collected as dues
{rom the men.

The membership of this association is divided into three
classes. The class to which an employee is eligible is regu-
lated by the salary he receives, the only exception to this rule
being that relating to trainmen who, at the time of joining the
association, may elect the class to which they desire to become
members. The following are the classes:

Class 1—This class is made up of employees who receive
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a monthly salary of $80 or over. The monthly dues for this
class ‘are $| and in case of disability the members receive a
benefit of $6 per week. In case of death $1,000 is paid to
the heirs.

Class 2—This class is made up of employees who receive
a monthly salary of $60 and less than $80. The monthly
dues for this class are 75 cents and in case of disability the
members receive a benefit of $4.50 per week. In case of
death $750 is paid to the heirs.

Class 3—This class is made up of employees who receive
a monthly salary of less than $60. The monthly dues for
this class are 50 cents and in case of disability the members
receive a benefit of $3 a week. In case of death $500 is
paid to the heirs.

The benefits referred to in these three classes are applicable
only to employees who become members before they are 41
years of age. Employees who join the association between
the ages of 41 years and 51 years are allowed 75 per cent
of the death benefit. Members who join after they are 51
years of age are allowed 50 per cent of the death benefits of
their class.

Members may double the death benefit by paying double
the monthly dues for their class. This, however, does not
double their disability beneft.

The annual report of the association issued on June 30,
1909, showed the membership of the three classes and the
insurance carried by each class to be as follows:

Class 1—428 members, insurance..............o.ovunon... $415,750
Class 2— 73 members, insurance..........ooouovueonon. .. 52,875
Class 3—297 members, insurance................ucoo.u.. 146,750

Tolal, 798 members, insurance.........ooverenenonn... $615,375

The annual statement for the year ending June 30, 1909,
shows the association to be in a satisfactory financial condition.
The statement follows:

Receipls—

From members .......................... $7.761.95

From 1he Tramway company............. 1,939.60

From inlerest on bond investment............ 773.17
$10,480.72

Disbursements—

Disability benefits ........................ $2,232.06
Five death benefits ....................... 4,250.00 $6,482.06
Nel gain for year ................... $3,998.66

The Tramway Bulletin, a small magazine published by
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the Denver City Tramway Association, is the official organ
of the Tramway Mutual Aid Association.

PENSION DEPARTMENT

The Denver City Tramway Company has an employees’
pension department. Any employee who gives his entire time
to the service of the company is eligible to a pension. The
pensions as provided for are divided into four classes as fol-
lows:

1. All officers and employees who shall have attained t}}e
age of 70 years, and who shall have been 25 years or more in
the service.

2. All officers and employees, 65 to 69 years of age, in-
clusive, who shall have been 25 or more years in the service,
and shall, in the opinion of the board of officers, have become
physically disqualified.

3. All present employees of the company who shall attain
the age of 70 years, and who shall have been 15 years or
more in the service, and shall, in addition, be members in
regular standing of The Tramway Mutual Aid Association.

4. All officers and employees 65 to 69 years of age, In-
clusive, who shall have been 15 years or more in the service,
and shall, in addition, be members in regular standing of The
Tramway Mutual Aid Association, and who, in the opinion
of the board of officers, have become physically disqualified.

The pension allowances paid monthly are on the following
basis:

Twenty-five dollars a2 month pension to all uniformed em
ployees in the regular train service of the company.

Twenty-five dollars a month pension to all employees who
shall have received average monthly wages of $80 or more,
during the 10 years immediately preceding application or
recommendation for retirement.

Twenty dollars a month pension to all employees who shall
have received average monthly wages of $60 or more, to $79,
inclusive, during the 10 years immediately preceding applica-
tion or recommendation for retirement.

Fifteen dollars a month pension to all employees who shall
have received average monthly wages of less than $60 during
the 10 years immediately preceding application or recom-
mendation for retirement.

The authorized amount of money to be spent in any one

year has been fixed at $18,000.
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INTERURBAN ROADS OF COLORADO

THE DENVER & INTERURBAN 11,000-
VOLT RAILROAD

THE Denver & Interurban Railroad is an electrified

division of the Colorado & Southern Railway system

between Denver and Boulder, Colo., which has

been equipped for operation with 11,000-volt. alter-

nating current. A general description of the methods

used in the catenary trolley construction on this road ap-

peared in the ELECTRIC RAILWAY JOURNAL for Sept. 5,

1908, page 595. Some of the more novel and interesting

operating features to be found on this property will be de-
scribed in the following pages.

Electric operation over this line was begun on June 23,

1908. Prior to that time the Colorado & Southern Railway,
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which is affiliated with the Burlington system, operated fre-
quent steam train service between Denver and Boulder, Colo.
These trains were operated over a single track from Denver
to Louisville Junction, and from there over either of two
tracks to Boulder. A branch line from the southern one of
these two routes between Louisville Junction and Boulder ex-
tended 3 miles southwest to El Dorado Springs, where
a popular watering place and summer resort has been devel-
oped at the mouth of South Boulder Canyon.

During the work of electrification that section of the road
between Globeville, at the north city limits of Denver to
Louisville Junction (see map) was double tracked, and one of
these tracks equipped for electric service. From Louisville
Junction northwest the tracks divide to follow two routes
which are jointly used by the electric passenger trains and the
steam passenger and freight trains to Boulder. From Globe-
ville the electric trains reach the Denver terminus at Six-
teenth and Arapahoe Streets over standard-gage city tracks

of the Denver City Tramway Company. The distance from
the city terminal to Globeville is 4.26 miles and from Globe-
ville to the junction point from whence the two routes extend to
Boulder, 15.23 miles. From this junction point to Boulder
via the southern or Marshall route, the distance is |1 3.24 miles
and via Louisville, the northern route, 13.04 miles. The El
Dorado Springs branch leaves the through line at Marshall
and is 3.3 miles long. The through electric passenger trains
are routed from Denver to Boulder over one route going and
over the other returning. The entire line from Globeville to
the city limits of Boulder is operated with 11,000 volts on the
trolley. The section of the route through the built-up portion
of Boulder, 1.78 miles long, is fed with 500-volt direct cur-
rent and direct current is also used within the Denver city
limits. In one round trip a car operates for 54.97 miles on
11,000-volt trolley and for 10.3 miles on direct-current trol-
ley.

The track construction throughout is according to the
standards used for the Colorado & Southern Railway and is
laid with 70-lb. and 80-lb. steel rails electrically connected
with No. 0000 Protected rail bonds. On account of joint
operation with heavy steam passenger and freight trains, both
narrow and standard gage, the track is well maintained.
Views on Plate XII show the character of the roadbed. The
ties for the entire distance are ballasted with slag which was
blasted from the waste pile of the Globeville smelter. In the
[3 miles from Globeville to Louisville Junction there are
102 crossings with irrigation flumes or pipes. The maximum
grades on the main line are about 1.25 per cent., while the
branch line to El Dorado Springs, which has an elevation of
6,000 ft., is nearly all on a grade of 2 per cent, compensated
on curves.

POWER DISTRIBUTION

The power distribution system is the most interesting
feature of the Denver & Interurban Railroad. Power for
the operation of all the cars is furnished by the Northern
Colorado Power Company from its steam generating station at
Lafayette, near Louisville. Two feeders connect the gen-
erating station with the feeding-in switches located near the
center of the route and at the point where the line from Den-
ver divides to follow two routes to Boulder. Switching
arrangements are provided so that either or both of the two
feeders may be used to supply current to one or all of the
three trolley legs.

The 11,000-volt 25-cycle operating current is fed to the
cars through a catenary supported No. 0000 *‘phono-electric™
trolley wire carried 22 ft. above the running rail and sup-
ported by a Bessemer steel cable 7/16 in. in diameter. No
additional feeders are required. The messenger cable is car-
ried on Thomas porcelain insulators supported by angle-iron
brackets. The poles are spaced 120 ft. apart on tangents
and guyed to Matthews’ anchors. On curves the poles
are set sufficiently close so that pull-offs need not be
used. Porcelain insulation is provided in spans and strand
wires wherever used. A ground wire consisting of 7/16-in.
stranded galvanized steel cable is strung over the pole tops
for the entire length of the line. This ground wire affords
a cheap and convenient means for grounding the brackets, it
affords effective lightning protection and serves as a continu-
ous return circuit in addition to the bonded and cross-bonded
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track rails. The overhead ground wire is connected to the
tracks at every fifth pole and the track is provided with
ground plates. Westinghouse, Church, Kerr & Company
were the contractors on the catenary construction and also
built the power plant of the Northern Colorado Power Com-
pany from which current is supplied to the railroad.
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A map is presented showing the trolley wire and feeder
layout. The switching scheme at the junction point where
the feeder lines from the power plant are connected with
the trolley wires is shown in diagram. Section-breaks are
placed at an average distance of 3 miles and are located
at passenger stations where someone is always on duty. The
a.c. line is subdivided into 12 sections by these breaks.
Special a.c.-d.c. section breaks are installed at Globeville and
at Boulder, where the 11,000-volt a.c. catenary trolley joins
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the 550-volt d.c. trolley. At the a.c. section breaks the trol-
ley wires overlap so that there is no interruption in current
fed to a car under normal conditions.

Specially constructed trolley derailers form a part of the
overhead structure at the ends of the d.c. sections. These
trolley derailers are so designed and placed that should the
car crew neglect to pull down the trolley pole as a car enters
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the d.c. section the wheel would be thrown from the wire and
the pole automatically lowered by the retriever before it could
come in contact with the 11,000-volt catenary.

Local conditions made it necessary to operate the cars with
direct current for 1.78 miles through Boulder and a motor-

generator substation is provided to supply the power. The
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substation equipment is installed in a substantial fireproof
building located close to the track in the western edge of the
city. The equipment of the substation includes a 300-kw
General Electric synchronous motor-generator set with a com-
pensating transformer which receives current through a feed
wire connecting with the 11,000-volt trolley and delivers it
at 2300 volts to the synchronous motor.



OcroBER 2, 1909.] ELECTRIC RAILWAY JOURNAL. [$8:

ROLLING STOCK

oS The rolling stock equipment of the Denver & Interurban
}%) includes eight motor cars, four trail cars with bodies of the
same design as the motor cars and two Colorado & Southern
passenger coaches used as trailers. The interurban passenger
car bodies were built by the St. Louis Car Company and are
mounted on especially heavy trucks built by the American
Locomoiive Company. These trucks which have a load-
the carrying capacity of 38,000 Ib. at the center plate, were il-
g lustrated and described in the ELECTRIC RAILWAY JOUR-
NAL for Oct. 3, 1908.

The motor car bodies are 55 ft. 6 in. long, 10 ft. wide
and seat 60 passengers. The trailer cars are 53 ft. 10 in
i long, 10 ft. wide and seat 58 passengers. The weight of a
It motor car body without load is 46,000 Ib. The underfram-
‘ ing is of structural steel and the body framing of wood. The
structural steel underframe is entirely covered with a floor of
steel plates which are used as a protection against fire. The
roof of the car is covered with sheet metal which is electrically
grounded to serve as a protection against fire in event of low
trolley wire. The interior of the car bodies is trimmed with
mahogany.

The car bodies are subdivided into a motorman’s cab,
a baggage compartment and a general passenger compart-
ment. End doors are provided for train operation. The
motorman’s cab has a side window. Located in this cab,
in addition to the electrical and brake control apparatus, is
a switch cabinet and the 1/6-hp 110-volt a.c. 14-volt d.c.
dynamotor for charging the control storage battery while op-
erating on a.c. trolley. The a.c.-d.c. motor-driven air com-
pressor also is located in the cab. Above the motorman’s
head is a rack containing red and green fusees, flags, four
marker lanterns, two red and two white hand lanterns, two
extra lantern lenses and a supply of torpedoes.

Washburn M.C.B. type couplers are provided on all mo-
tor and trailer coaches. The platforms of the steam railroad
coaches used as trail cars have been extended so that they
have round ends and these couplers are installed with radius
bars to support them when rounding city curves. On a portion
of the equipments the multiple-unit train-line coupler head is
carried on top of the coupler knuckle.

In the rear of the cab is a baggage compartment with a
large door on either side of the car. This compartment is
finished in mahogany and has drop seats which will accom-
modate eight people. A swinging door leads from the bag-
gage compartment to the smoking compartment in which are
four fixed and four reversible green Pantasote upholstered
seats with mahogany arm rests. Another swinging door leads
from the smoking compartment to the main compartment, which
has four fixed and ten reversible seats of the same type. A
toilet room is provided at one end. The aisle space is cov-
ered with heavy rubber floor mats. The step openings on the
platforms are covered during running with spring-actuated
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T‘ 125-hp motors with a control equipment {or train operation.
D Current is collected from the 11,000-volt line with a West-
inghouse air-operated pantograph and from the d.c. line with
an ordinary trolley wheel and pole. The control equipment
was supplied by the Westinghouse Electric & Manufacturing
Company and in general conforms to its electro-pneumatic
unit-switch system.
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(
i
(]
[

1
#
H

]

d
t

1Y

Cou

PBrake Pipe

Control Pipe
Cut-out Cock

&  Dummy Coupling

R
S



512

ley to an oil-insulated double-break electrically operated line
switch and thence to the primary of an auto-transformer car-
ried under the car and thence to ground. From the secondary
of the auto-transformer eight taps are taken to supply run-
ning current at graded voltages. This current, before being
fed to the motors, is passed through preventive coils and
through the group of unit switches. Separate switch groups
are provided for the a.c. and d.c. motor control. The train-
line cable carries 12 wires.

The air-brake equipment for these cars is the schedule
AMM of the Westinghouse Traction Brake Company, which
includes automatic features for train operation. An engrav-
ing presents the details of the piping layout for the air-brake
apparatus. In the lubrication of the moving parts of the air-
brake system of these cars and the moving parts of the unit-
switch system excellent results are said to have been had by
the use of the Emery pneumatic lubricator, which is manufac-
tured by the Emery Pneumatic Lubricator Company, St.
Louis, Mo.

This lubrication system consists of a receptacle fitted into the
pipe system in the outlet pipe from the main reservoir contain-
ing a stick of lubricant having its lower end exposed to the
action of air passing into the pipe system. The composition
of the stick of Iubricant is such that it is gradually dissolved
by the moisture contained in the compressed air and thereby is
carried through the entire pipe system, reaching and lubricating
all bearing surfaces of feed, brake and triple valves and
brake cylinders. The lubricating stick is placed in a tube
having its lower end composed of brass wire netting and the
amount of surface of the lubricant exposed to the air can read-
ily be adjusted. The stick feeds by gravity, being controlled
by the frequency of brake applications and the amount of
moisture contained in the compressed air, as well as the amount
of exposure to the air current.

In connection with the electric-pneumatic control system for
operating the multiple urit there are 28 valves and 22 cylin-
ders on each car, and while the service is very severe, includ-
ing many stops and covering 5000 to 6000 miles per car
each month, there are said to have been no failures whatever
in regard to automatic lubrication.

The principal features of the motor cars of the Denver &
Interurban Railroad Company are as follows:

Length, 55 ft. 6 in. Headlights, Crouse-Hinds a.c.-d.c.

Width, 10 ft. Journals, 1-2 in. x 9 in.
Seating capacity, 60 Journal boxes, Franklin
Body, wood Motors, four Westinghouse 148-A

Pilot, locomotive type

Registers, Ohmer

Roof, sheet metal

Sanders, Lintern

Seats, St. Louis Car Company

Seat material, pantasote

Springs, Railway Steel Spring Com-
pany

Step treads, Mason safety

Trolley retrievers, Lord No. 4

Trolley base, Nutall and pantograph

Trucks, American Locomotive type A

Wheels, Standard rolled steel, 38-in,

Underframe, steel

Interior trim, mahogany

Air brakes, Westinghouse A M M

Axles, 6 1-2 in.

Bolsters, cast steel

Brakeshoes, Diamond S flanged

Control system, Westinghouse electro-
pneumatic

Couplers, Washburn

Curtain fixtures, Forsyth

Curtain material, Pantasote

Door hangers, Duner

Hand brakes, Peacock

Heating system, Conso lidated electric

Weights—

Car body light 46,000 Ib.

Air and electrical equipment (except motors), 15,000 Ib.
Trucks without motors, 13,900 Ib.

Total weight without passengers, 117,000 Ib.

Total weight trailer without passengers, 66,250 Ib.

The inspection and repair shop, where all car work is
done, is located in Denver and comprises a rectangular shaped
building with a row of shop rooms and offices on one side and
a general inspection and repair bay with six tracks, five of
which have pits and all of which are of sufficient length to
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accommodate two cars. The building is of brick with a con-
crete floor and a mill-type roof. Yard tracks are provided
for storing the trailers. The car-house door openings are fitted
with Kinnear rolling steel doors.

The southern section of the building is entirely enclosed
and subdivided with brick partitions. The subdivisions are
used as follows: Offices of electrical engineer and trainmas-
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Denver & Interurban Railroad—Car Movement Record
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ler; store room, toilet room, boiler room, winding room, ma-
chine shop and blacksmith shop. The coal bin for the boiler
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room extends below one of the car-house tracks and a chute
ie provided so that fuel may be unloaded by gravity from
hopper-bottom coal cars.



OCTOBER 2, 1909.]

The shop machine equipment now installed includes the
following:

Machine Maker's Name
24-in. engine lathe with 92-in. centers. ..... Anmerican Tool Works Company
Vertical drilling machine with 12-in. spindle traverse,
Rockford Drilling Machine Company
No. 1 forge blower...c.civinruoniiivaesuans Buffalo Blower Company
Emery wheel stands for two 12-in. x 2-in. wheels,
Glizbe Manufacturing Company
10 h.p., three-phase motor. . Westinghouse Electric & Manufacturing Company
Ideal steam_heater No. S-36-8.............. American Radiator Company

MAINTENANCE RECORDS

A very complete record of the defects and maintenance
work on the rolling stock equipment is being kept by the elec-
trical engineer, who is responsible for its condition. Accom-
panying engravings show the blank forms which exhibit the
maintenance records. The "car condition” report and the
report of trouble are filled out by the car crews and turned
in with the equipment. The "‘car movement’ card serves to
show the numbers of the
trains in which the vari-
ous cars were operated
and is kept by the hostler.
The inspection report Is
made out by the car-
house inspectors and un-
less it is properly signed
by the inspector in charge
the car cannot be used by
the transportation depart-
ment. The additional
record cards bear infor-
mation regarding train
delays, brakeshoe life,
multiple-unit control per-
formance, motor opera-
tion, wheel condition and
car body defects. These
latter cards are filed ac-
cording to the vertical
system and present a com-
plete record of the per-
formance obtained from
the equipment. Since
operation was begun in |fma
June, 1908, the motor [we TR
cars have been making E
an average of 318 miles
per day. A list of the
officials of the Denver
& Interurban Railroad Company follows: A. D. Parker,
president; J. D. Welsh, general superintendent; H. W.
Cowan, chief engineer; F. W. Mahl, mechanical engineer
and purchasing agent; J. H. Bradbury, auditor; F. W. Dar-
lington, electrical engineer; S. S. Morris, superintendent; W.
B. Grenamyre, trainmaster.

An hourly service consisting of two and four-car trains is
given between Denver and Boulder. The one-way rate is
70 cents and the round-trip rate, weekdays, $1.25, and Sun-
days, $1; family and individual commutation tickets also
are sold at reduced rates. The running time for the 29 miles
between Denver and Boulder is 1 hour and 7 minutes via
Marshall and | hour and 15 minutes via Louisville. The
operation of the trains conforms strictly to the rules of the
Colorado & Southern system, except within the city limits of
Denver while the cars are on the Denver City Tramway
Company'’s tracks.
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DENVER & INTER-MOUNTAIN RAILROAD
THE Denver & Inter-Mountain Railroad was built in

1890 and operated with steam locomotives until

February, 1909, when it was equipped for elec-

trical operation. Since the change of motive power

a considerable increase in traffic has been brought about by

the more frequent and more regular electric service. As the

route of this railway traverses an attractive suburban district,

the growth in traffic which electrification has brought about
will undoubtedly continue.

The principal sources of passenger traffic of this road

are, in the order of their distance from Denver, the Colorado

 Golf Club, Colorado State Rifle Range, a shooting park;

Colorado State Industrial School, Colorado State School of
Mines and the thriving town of Golden at the base of the
foothills of the Rockies. There are many interesting trips
for the tourist, which can be made from Golden, and, there-
{ore, it is expected that a substantial amount of pleasure traffic
can be built up.

The Denver terminus of this road occupies part of a city
block, between Fourteenth and Fifteenth Streets, on Arapahoe
Street, in the center of the businss district and across the
street from the central terminal loop property of the Denver
City Tramway. The Denver & Inter-Mountain has an at-
tractive brick terminal station and office building, 62 ft. 6 in.
x 125 ft. in ground dimensions.

The route of the line from the terminal station includes a
run of one mile over tracks laid in the city streets, and thence
for two miles on a private right of way to the city limits. The
private right of way is 50 ft. wide and is continuous to the
terminal in Golden, 13.1 miles from the end of the city track
in Denver. In addition to the Denver-Golden main line, a
3-mile branch is operated to Barnum, a suburb of Denver.
The total trackage 1s 22 miles.

Golden has an elevation about 500 ft. higher than Den-
ver, and in reaching Golden the line surmounts a ridge 600
ft. higher than the elevation at Denver. Thus a car in run-
ring west from Denver to Golden has a steady climb with
grades ranging from 1.25 to 1.75 per cent for 11 miles to
the summit and then down grade at an average of | per cent
for two miles into Golden. As the road was originally built
for steam operation, it has long easy curves and a good
substantial roadbed. The track is laid with 70-1b. steel on
sawed ties. The joints are made with six-hole angle plates
and are bonded with No. 0000 American Steel & Wire sol-
dered bonds.

Power for the operation of the line is generated in a d.c.
plant owned by the company and located 4.5 miles west of
the Denver terminal station. The equipment of this plant in-
cludes two Allis-Chalmers 925-hp Corliss engines, each belted
to a 500-kw General Electric railway generator, and four
200-hp railway generators, which can be utilized at times of
overload. Good boiler feedwater is obtained from an artesian
well 744 ft. deep, the flow from which is delivered to a
40,000-bbl. storage tank by a Fairbanks-Morse deep-well
pump.

The output of the power plant is distributed to the trolley
wire by supplementary feeders, One No. 0000 bare copper
feeder extends west to the summit of the grade 2 miles east
of Golden, and a 500,000-circ. mil feeder extends 2 miles
east of the power house to the city limits of Denver. Stand-
ard overhead construction is used, the parts of which include
No. 0000 grooved trolley span-supported with Ohio Brass
Company fittings from 35-ft. Idaho cedar poles. The butts of
all poles were treated with preservative compound, and each
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span pole is back-guyed to a Matthews’ anchor. The trol-
ley wire is protected from lightning by Garton arresters spaced
one-half mile apart. ;

The repair shops are located at the western city limits of
Denver. The group of buildings includes an engine house,
electrical repair shop and car house equipped with the usual
complement of tools for the maintenance of interurban cars
and the steam locomotives used in freight service.

The rolling stock equipment owned and operated by the
company includes the following:

Three 48-ft. passenger cars, one equipped with four, and two equipped
with two 50-hp General Electric motors; one combination baggage and passen-
ger car equipped with four 50-hp General Electric motors; four city cars with
Westinghouse 12-A and W P. 50 motors; two expresscars with W.P. 50 motors;
two steam passenger coaches; two Baldwin 10-wheel locomotives; forty-six gon-

dola cars, 60,000 Ib. to 80,000 Ib. capacity; five box cars and one caboose.

Illustrations are presented on Plate XIV, showing the 48-
{t. passenger cars which were built by the McGuire-Cum-
mings Manufacturing Company, and are mounted on
McGuire-Cummings No. 10-A trucks with 6-ft. 3-in. wheel-
base and 24-ft. truck-center distance.

The underframing of these cars consists of two center
sills built up of 6-in. 14.75-1b. I-beams and side sills rein-
forced with 8-in. x 5-in. steel plates. The center sills are
continuous from bumper to bumper. The car bodies are 8 ft.
5 in. wide and were built according to the standards of the
manufacturing company for substantial interurban equipment.
The interior fittings of these cars include Hale & Kilburn
seats, Peter Smith hot-water heaters, Ohmer fare registers and
continuous parcel racks. The combination baggage and
passenger car conforms in size to the straight passenger cars.
The cars used on the Denver-Golden service are all equipped
with Westinghouse air brakes.

FREIGHT AND PASSENGER SERVICE

The regular week-day schedules include passenger cars
from Denver to Golden on an hourly headway, and between
Denver and Barnum on half-hour headway. On Sundays and
holidays the Denver-Golden service is operated on half-hour
headway. The running time from Denver to Golden is 45
minutes, and from Denver to Barnum 25 minutes. The one-
way fare from Denver to Golden is 25 cents. Round-trip
tickets are sold for 40 cents. As the Barnum service is en-
tirely within the city limits, a fare of 5 cents is received for a
maximum ride of three miles. Ticket stations are maintained
at the terminals, where the standard form of one-way and
round-trip tickets are sold. All fares collected on cars are
rung up on Ohmer registers. For special car service between
Denver and Golden a round-trip rate of $25 is made with no
limit as to the number of passengers carried. All trains are
ordinarily operated by schedules, but when a schedule can-
not be followed the cars are dispatched by telephone. A set
of Western Electric telephone instruments is installed at each
of the five sidings between Denver and Golden.

A considerable portion of the revenue of the Denver &
Inter-Mountain Railroad is derived from freight traffic. This
traffic includes the handling of clay between the pits located
along the routé and the brickyards in Denver, the delivering of
coal and the handling of general merchandise, lumber, etc.
The tariffs of the road, both local and foreign, are published
int the form prescribed by the Interstate Commerce Commission.
An average of about 25 carloads of freight are handled each
day, 20 of which are delivered to connecting steam lines.
The freight equipment is handled by steam locomotives after
midnight.

A regular express service of two round-trips a day between
Denver and Golden is operated. The rate for handling ex-
press packages is 25 cents per 100 Ib. All less-than-carload
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freight is handled on the freight trains at night at a rate of
12 cents per 100 Ib.

The officials of the Denver & Inter-Mountain Railroad
Company are: George W. Hutton, president, Chicago; Cald-
well Yeaman, first vice-president; Charles F. Probst, second
vice-president; James E. Gaule, secretary; F. L. Butler,
superintendent, and William F. McDermott, auditor, Denver.

The controlling interest in the road is owned by John J.
Cummings, president, McGuire-Cummings Manufacturing
Company, Chicago, Ill.

COLORADO SPRINESS & INTERURBAN
RAILWAY

COLORADO SPRINGS, Colorado City and Manitou

are furnished electric railway service by the well

constructed, 39-mile property of the Colorado

Springs & Interurban Railway Company. A
suburban line to the company’s amusement resort—Stratton
Park—at the mouth of the Cheyenne Canyon, also is oper-
ated. Five miles of extensions have been built during the
present year.

TRACK WORK

The track throughout the entire line is laid with standard
65-Ib. T-rail on native red spruce ties, purchased locally, and
laid to standard gage. All main lines are doubled tracked on
11-ft. centers.

The rails are electrically bonded with American Steel &
Wire Company’s No. 0000 twin-terminal bonds. Before
installing these bonds, which are placed on the head of the
rail, the terminals are amalgamated. This improves the con-
tact between the copper and the steel, filling any voids that may
remain after the bonds have been driven home. An amalgam,
for this purpose, is made as the work progresses. In making
the amalgam tinfoil is first dissolved in mercury and then when
it is desired to coat the bonds sodium is added to the mixture.
The sodium drives off the water and evaporates, thus leaving
a pure amalgam of tinfoil and mercury. The bond terminals
and the holes are carefully cleaned with cotton waste, then the
inside of the holes is tinned with the mixture and the bond
terminals likewise are tinned and driven home. This method
of bonding has given exceptionally good results.

POWER STATION

Current for the operation of the road is generated in a steam
plant located within the city. The following figures will illus-
trate the efficiency of this plant, which uses lignite, contain-
ing less than 10,000 b.t.u. per pound. On account of scarcity
of water it is necessary to operate the plant non-condensing.
These figures represent the actual cost of operation during

the full year of 1908:

Coal per kw-hour. . ................. 7.623 Ib.
Cost of coal per kw-hour............. 0.51293 cent
Costoflabor ...................... 0.2 ¢
Shop labor, repairs and supplies. .. ... ... 0.09462 *

Total cost of current per kw-hour.... 0.80755 cent

The plant operates with a railway load only and aver-
ages 20 hours’ run per day. The total kw-hours generated
during the year 1908 was 5,236,655. The daily average for
20 hours was 14,308 and the hourly average 715.4 kw-
hours.

Ten men, besides the power-house superintendent, are re-
quired regularly for the operation of the plant—three in the
engine room, five firemen, one conveyor man and one utility
man.
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Denver City Tramway—Passenger Depot at Golden
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Denver City Tramway—Central Car-Dispatching Office



Plate XII

Denver & Interurban Railroad—Electric Track and Double-Gage Steam Track Typical Section Break

Denver & Interurban Railroad—Interior Motor-Generator Substation at Boulder
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Denver & Interurban Railroad—Motor Coach Radial Coupler
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Denver & Interurban Railroad—Deflector at Switch Denver & Interurban Railroad—Denver Shops
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Denver & Interurban Railroad—Smelter Slag Ballast Denver & South Platte Railway—View in Park



Plate XIV

Denver & Inter-Mountain Railway—Interior of Passenger Coach Stratton Park at Colorado Springs
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Denver & Inter-Mountain Railway—View of Car and Castle Rock near Golden



Plate XV

Colorado Springs & Interurban—Home-Built Trucks with Colorado Springs & Interurban—Interior of Shop with Car
Special Brake Rigging Under Construction
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Colorado Springs & Interurban—Exterior of Power Station Colorado Springs & Interurban—Interior of Power Station



Plate XVI

Salt Lake & Ogden Railway—General View of Lagoon Park

Utah Light & Railway—Yards of New Car House New Electric Road in Ogden Canyon
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The boiler-house is equipped with a continuous conveyor
for coal and ash handling. Whenever mine-run coal is ob-
tained it is crushed to the size of slack so that uniform firing
conditions are secured. The boiler equipment is made up of
four 300-hp and two 400-hp B. & W. type boilers. One
of the 400-hp boilers has an extension Dutch oven firebox,
supplied by the Johnson Furnace & Engineering Company, of
Colorado Springs.

The generating equipment includes two Allis-Chalmers
Corliss engines, driving 500-kw General Electric generators;
one Allis-Chalmers Corliss engine driving a 300-kw
General Electric generator; and one Wisconsin En-
gine Company’s Corliss engine, driving a 500-kw Allis-
Chalmers-Bullock generator. A 30-ton overhead crane
serves the entire engine room. The engines are all oper-
ated non-condensing and the generators are all standard,
direct-connected, d.c. machines. A portion of the exhaust
steam from this plant is piped one-half mile to the car houses,
shops and offices, where it is used for heating.

On account of severe lighting conditions the regular line
arresters are supplemented with a tank arrester, built behind
the railway feeder switchboard at the power-house. As in-
stalled, the tank arrester consists of a water-box with a row
of carbon pencils extending just above the surface of the water.
Each pencil is connected with one of the outgoing feeder lines
and when a storm is in progress the pencils are inserted in the
water to give a leakage path for lighting direct to ground
through the resistance of the carbon pencils.

SHOPS

The railway company has a very complete shop plant lo-
cated on the same property with its operating offices and
car houses, a view of which is shown on Plate XV. All of
the cars required by the company for several years have been
constructed in these shops. On account of the difference in
the winter and summer schedules it is necessary, ordinarily, to
make a considerable change in the number of men employed
for operating cars, and instead of discharging these men each
fall particular care is taken when new men are employed to get
workmen skilled in some trade which forms a part of car-
construction. The men serve on the car platforms during the
summer and in the winter are transferred to the shop force,
K@hp @olorada Springs and Interurban Ry, Co.
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Colorado Springs & Interurban Railway—Invitation to
Series of Park Dances

which is engaged in building new cars for use the following
summer. .

A view is presented on Plate XV, showing the interior of
the wood-working shop and a new car in course of erection.
Another view shows the design of truck equipment built in the
company’s blacksmith and machine shops. These trucks,
which are of the M.C.B. type, have brake-rigging similar to
that used on steam railroad freight cars, but adapted to
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electric double-truck service. The brake-rigging is easily
adjusted on the road if necessary. Braking pressure is ap-
plied to the shoes by an I-beam with a floating lever which
has the pulling rod connected to its top, passing over the
motors and the tie rod between the two ends of the truck con-
nected at its lower end and passing beneath the motors. At

TRANSFERS.
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Colorado Springs & Interurban Railway—Conductor’s
Envelope for Depositing Transfers

the inside end of the truck the brake-beam lever is supported on
a bracket, drilled with two rows of staggered holes. The easy
adjustment of the positions of the brake-shoes is made by
moving from hole to hole the single pin against which the
brake lever rests.

TRANSPORTATION FEATURES

In the regular winter schedule 25 cars are operated. In
summer this number is increased to 30 cars. Additional rush-
hour business or special business is handled with extra cars
sandwiched in so as not to disturb the regular schedule. A
supply of these cars is kept at the central operating loop in the
business district where they can be dispatched quickly to handle
peak loads.

A special method is used in handling transfers. This
method reduces the number of transfer envelopes required to
one-tenth of that needed ordinarily. The transfer envelopes,
which are 6 1-2 in. x 3 3-5 in., in size as illustrated, are
printed with rows of spaces for entering information on 10 dif-
ferent days. The conductor uses these envelopes in the ordi-
rary way for delivering transfers, filling in one column each
day that the envelope is used. In this column he notes the
date, the trip number and the total number of transfers col-
lected. The first time he uses the envelope he indicates the
name of the line in the space at the top and signs his name
and badge number on the line at the bottom.

When the transfer envelopes are collected each day they are
checked, and those signed by each man are held together in
a bunch with a rubber band and put in a box in the transporta-
tion headquarters. Before starting out on the second day the
conductor gets his supply of envelopes from this box and thus
uses on the second and successive days up to 10, envelopes
which he has used before. The information required in turn-
ing in the transfers on the succeeding days is entered as on
the first day the envelope was used. When the auditing office
removes the transfers from the envelopes and checks them,
different marks are used, not only by different checkers, but for
different days. These marks are always the same for the
same conditions and serve for future reference as to who
checked any envelope on any day.

During the past year a method of checking the money
turned in by the conductors has been put into use. This
method obviates all quibbling between the conductors and
the accounting department and saves many arguments that
might arise on account of a mistake on the part of either the
conductors or the checker in the count of tickets, cash, trans-
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fers, etc. It was the practice formerly to check one day and
balance the next, but this arrangement brought about many
petty differences and has been changed. Conductors turn in
their receipts in money sacks numbered with figures corre-
sponding to their badge numbers. A complete set of sacks,
consecutively numbered, one for each conductor, and 20
sacks numbered specially for extra men, are put into the con-
ductors’ room each night. The conductor in turning in his
daily receipts picks out that sack which is numbered to corre-
spond with his badge number and uses this sack for depositing
his tickets, transfers and cash in the receiver’s safe. Each
morning two men are present when the safe is opened. One
of these men is provided with a mimeographed sheet exhibiting
all the conductors’ badge numbers and numbers X-1 to X-20
for the extra men. After the safe has been opened one of
the men removes the bags from the safe and as he takes each
one out he announces to the other the number on that bag. This
number is checked on the printed list held by the second man,
who puts a blue mark opposite the number on the printed
list corresponding to the number on the bag. Then the num-
bers of the unused sacks are similarly checked in order and
when all the sacks have been handled over all the numbers
on the printed list should be checked, either with a blue mark,
indicating a bag with receipts in it, or a red mark indicating
an empty bag. Thus the receiver knows that all the sacks used
on the previous day have been turned in and the presence of
two men to open the bags assures a complete check.

Formerly it was the practice to check conductors’ receipts
each day and balance with the conductors on the second day.
To reduce the number of peity arguments over little differences
and the time required to adjust these differences, it was de-
termined to make settlement but once in two weeks at the
time of issuing pay checks. However, if there is a difference
of $1 or more the conductor in whose account the error occurs
is sent a notice to call at the office the following day and
adjust the account. If the amount is less than $1 it is entered
on a record card and a notice of the amount is mailed to the
conductor. These record cards are balanced once in two
weeks and a cash settlement made at the time of paying off.
Because the shortages and overages usually balance very
closely a considerable amount of the dissatisfaction ordinarily
experienced is done away with. The settlements for $1 and
over are made at once, thus preventing the men from holding
out a portion of the receipts, using the money for a few days
and then turning it in as an overage in their receipts.

STRATTON PARK

Stratton Park, which is operated by the Colorado Springs
& Interurban Railway, is located near the entrance to Chey-
enne Canyon at the foot of the Rocky Mountains. This park
is 80 acres in extent and has been highly developed by care-
ful gardening and by the construction of simple amusement
devices for children and a large pavilion. It is served by
two lines of the railway, each double tracked, terminating at
opposite ends of the park near attractive passenger stations.
The distance to the park from Colorado Springs is 4 miles
and a fare of 10 cents each way is received.

The main amusement pavilion at Stratton Park was built
at a cost of approximately $24,000. It is a steel-supported
structure with a large stage at one side. The pavilion is
used three nights each week for select dances. In connection
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with these dances the company reserves the right to permit no
gentleman on the floor unless he has been given an invita- °
tion card of the form shown herewith. The issuing of these
cards has been the means of maintaining a very high character
to the patronage of the dances. While the company does not
require the presentation of cards at the doors of the pavilion
the representatives in charge of the dancing floor may call for
them in event of ungentlemanly conduct. The floor of the
dance hall will accommodate 1,000 couples and the pavilion
is well lighted, tastefully decorated and has a seating capacity
around the edge of the dance floor sufficient for all the
dancers and a large number of spectators.

Concerts by a band of 40 pieces are given three days each
week, from June to October, in a specially constructed band-
stand. After the close of the regular season concerts of an
exceptionally artistic character are given at intervals in the
pavilion by a large orchestra of accomplished musicians.
These concerts and the dances are free to the public.

o

COLORADO SPRINGS & CRIPPLE CREEK
DISTRICT RAILWAY COMPANY

THE Colorado Springs & Cripple Creek District Rail-

way, which is said to be constructed at a higher alti-

tude than any other electric railway in this country,

connects ripple Creep with Victor, Goldfield, In-
dependence and many smaller towns located in the mining dis-
trict of Colorado. The company was chartered in April,
1897, when the first work was done toward building this rail-
way system, which now consists of 18.5 miles of electric line
and 58 miles of steam railroad.

The electrified portion of this company’s railway is divided
into two divisions. One of these, known as the *“low’’ line,
which connects Cripple Creek and Victor, is 6 miles in length.
The other line, known as the ‘“‘high” line, follows a more
circuitous route through the Rocky Mountains for a distance
of 12.5 miles, and eventually reaches the city of Victor, where
connection is made with the “low” line division. These two
divisions of the railway form a loop which affords the miners
of that district excellent transportation between the mines, their
homes and the leading cities of the territory. Hourly serv-
ice is operated on the high line and 30-minute headway on the
low line. .

Although the lines operated by this company pass through
one of the most rugged districts of the Rocky Mountains, the
tracks are laid with maximum curves of 24 deg. outside of the
city streets, and maximum grades of 8 per cent. The average
grade for the entire length of the railroad is 3 per cent. The
tracks are built to standard gage. The cost of constructing
the roadbed was about $25,000 per mile.

A part of the power for operating cars over these lines is
generated hydraulically at Canon City, a distance of nearly
50 miles from Cripple Creek and is transmitted at 20,000
volts to the company’s reserve steam power plant at Cameron.
It is here converted and delivered to the trolley as direct cur-
rent at a line pressure of 580 volts. The cars operated by
the company are of the interurban type. They are 41 ft.
long and weigh about 30 tons. Each car is equipped with
‘Westinghouse automatic air brakes, four GE 57 motors
and McGuire-Cummings No. 57 trucks.



THE ELECTRIC RAILWAYS OF UTAH

REHABILITATION OF THE UTAH LIGHT
& RAILWAY PROPERTY

ﬁ BOUT three years ago the City Council of Salt

Lake City granted the Utah Light & Railway

Company a new 50-year franchise, and shortly

thereafter control of the property passed to the Har-
riman interests. Since the change in ownership a plan of
general reconstruction has been followed and a considerable
portion of the rehabilitation is now completed.

The Utah Light & Railway Company has 100 miles of
track, practically all within the corporate limits of Salt Lake
City. This track, before reconstruction, was not in the best con-
dition, because it had been built originally for much lighter
cars than have been operated during the last few years. The
track now being laid is of the latest approved type with high

track work is obtained from a large pit of the Oregon Short
Line located on an extension of the electric railway just north
of the city. This gravel is hauled in side-dump cars by
electric locomotives for distribution along the streets. On the
same line with the gravel pit is a stone quarry from which
the principal portion of the crushed rock for street work is
obtained. The rock also is hauled electrically and is locally
distributed with dump wagons. The wagons for street dis-
tribution are loaded from a portable bunker which is set up
on the street near the center of distribution. This bunker is
made of timbers, each of which is numbered and so bolted to-
gether that they may be taken down and moved as the center
of distribution changes. The cars carrying the stone are run
over the bunker on a portable electric railway track from
where they are automatically dumped into the large storage
bin. Wagons are driven under the bin and loaded by gravity.
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Utah Light & Railway—General Type of Street and Overhead Construction

T-rails and concrete substructure. During the past three years
the track has been rehabilitated as follows:

VU7 oo cvseermns £ 3 5+ 5 mees 5 & i s 3 8 55 ¢ & Mok & 5 8 iod & & B0 & 28.84 mile s
HEEIS) o poominmor O P e P 29.25 miles
1909 (to October)....ouueuneriinieiii e iiieaannnn, 20.00 miles

All of the work of track construction is done by company
forces except the street paving, which is laid by the city con-
tractor. The type of track structure adopted as standard
for the Utah Light & Railway is made up of 7 in. 80-lb.
T-rails in 62-ft. lengths laid on sawed carbolineum-treated
ties spaced 16 and 13 ties to the rail. Two ties are used
under each joint. The ties are ballasted with gravel, sup-
ported on a 6-in. concrete bed, and the foundation for asphalt
paving is a layer of concrete beginning 6 in. below each rail
and carried up to a height of 3 in. between the rails com-
pletely covering the ties. The following table shows the vol-
umes of concrete, gravel and excavation per lin. ft. of double
track, with 16 and 13 ties to each 62-ft. rail length:

Volume of Concrete

Gage Lines. Ties 4-ft. Centers. Ties 5-ft. Centers.
7ot it £ Sl oo s o . 6516 cu. yd. 6566 cu. yd.
Ot soes s s wmas et . 63306 cu. yd. 63804 cu. yd.

Volume of Gravel
7 [ Enoomnancmmeneme 1987 cu. yd. 2022 cu. yd.
(- { S 1987 cu. yd .2022 cu. yd.
Volume of excavation
T Fes avcsis s %0 it n i Sioom s o 1.14228 cu. yd.
60U, s o s v v s s 1.1296 cu. yd.

The concrete used in the track construction comprises a
1:3:7 mixture of cement, sand and gravel. Gravel for this

The joints in the 80-lb. track rails used in paved streets are
made either with thermit welds or with continuous plates. In
the latter case the rail ends are electrically connected with
300,000-circ. mil pin-driven American Steel & Wire I-in.
terminal bonds.

The streets in Salt Lake City are exceptionally wide, 132
ft., and the blocks unusually long, being 660 ft. from curb to
curb, or 792 ft. from street center to street center. There
are approximately seven blocks to the mile. The tracks are
laid in the center of the streets and there is ample room for
special trackwork with large-radius curves. On account of
the large amount of curved rail needed for the reconstruction
of the entire track layout in Salt Lake City, the engineering
department has installed a rail-bending and cutting plant at the
yards of the new shop property. The special-work track
layouts are made with frogs and switches in which manganese
steel rail and hard centers are used. This special work is sup-
plied by the Pennsylvania Steel Company and William Whar-
ton, Jr., & Company. The electric railway company bends
its own curves in its rail shop, the equipment of which includes
a large power-driven rail saw, bending rolls and a complement
of forges, drill presses and smaller tools.

TROLLEY CONSTRUCTION

On all of the paved streets of Salt Lake City the center-
pole type of trolley construction formerly used is being re-
mnoved and the trolley wires supported by spans from poles set
on the curb line. The very wide streets ranging from 60 ft.
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to 92 ft. between curb lines and the resulting long spans, ne-
cessitated the use of 12 standard sizes of steel poles. On
some of the streets these poles carry a few of the company’s
lighting and feed wires. Of these 12 standard sizes there are
only four or five main sizes that are generally used. The
poles range from 8-7-6 in to 10-9-8 in., vary in height from
28 ft. to 32 ft. and in weight from 650 lb. to 1575 1b. They
are set in concrete and are given a backward rake of about
7 or 8 in. The steel poles are painted a red shop coat
and finished with two coats of dark olive green.

Three poles are set on each corner of a wide street inter-
section. Where there is an extensive special track work lay-
out a 10-in. pole is set at the curb intersection and 8-in. poles
are set 27 ft. along the curb in each direction. A part of the
strain from the corner pole is transmitted to the auxiliary poles
through heavy anchor cables. In the commercial district where
the blocks are 660 ft. long between curbs the steel poles are
set 107.17 ft. apart between the nearest of the group of three
corner poles and are 18 in. back of the curb line. At grand
union crossings the center bull ring, to which the curve pull-
offs are attached, is supported by four heavy steel strand cables
which in turn are supported by the poles at the curb intersec-
tions. An engraving shows the arrangement of pull-offs and
the location of the overhead special work at such a crossing.

Ornamental cast-iron bases which are 30 in. high and 21 in.
in diameter at the ground are placed around the.butt of each
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business district. This negative collection bus has cross sec-
tions equivalent to 6,000,000 and 3,000,000 circ. mils of
copper and is connected to the tracks at frequent intervals.
POWER IMPROVEMENTS

The power generating equipment of the Utah Light & Rail-
way Company includes both steam and water-power-driven
generators. T he water-power plants are located in the Was-
atch range of mountains just east of the city. In the Cotton-
wood canyon, 16 miles southeast of Salt Lake City, the com-
pany’s water-power plant has a capacity of 2000 hp, which
is transmitted at high voltage to a receiving station in Salt
Lake. A second plant in Cottonwood canyon has 4000-hp
capacity, and a plant at the mouth of Ogden canyon, 37 miles
northeast of Salt Lake City, has 5000-hp capacity. A 1500-
hp reserve steam plant is located within the commercial dis-
trict in Salt Lake City, and power is purchased from the trans-
mission systems of the Telluride Power Company and from
the plant of the Utah Sugar Company, located 85 miles north
of the city. The switching of current from these several
sources and the synchronizing of the company’s water-power
plants is controlled from a main receiving station in Salt Lake
City equipped with water-cooled transformers and oil-break
high-tension switches.

Construction work is now well advanced on a 4000-hp
water-power plant which the company is building in Weber
canyon, 14 miles east of Ogden. A hollow reinforced con-

1780°L,5.C0. #3235 % °

crete dam 66 ft. long has been built across the

o] o

canyon at this point. Water from the dam is

conveyed to the power plant through a 72-in.

wood-stave pipe 7050 ft. long, and 2000 ft.

Utah Light & Railway—Standard Roadbed in Asphalt
Pavement
of the steel poles within the commercial district. A lead ring

is poured around the tops of these bases to provide a tight con-
nection. These cast-iron pole bases were required by the city.
Quiside of the business district the center-bracket poles are
being replaced with wooden poles painted green.

As the new tracks are laid throughout the city this pole re-
construction is completed and the existing No. 2 and No. 4
copper trolley wires heretofore used are replaced with No. 00
round wire supported by 5-16-in. stranded steel spans. These
spans are insulated at the steel poles with Brooklyn insulators
and at the wooden poles with 8-in. wood breaks. The trolley
wire is connected to the span by the use of Ohio Brass, Gen-
eral Electric or H. W. Johns-Manville insulated hangers.

The removal of practically all transmission wires in the bus-
iness district of Salt Lake City necessitated placing the railway
feeders underground. The new feeders have been installed
in vitrified clay ducts. These feeders vary in size from 500,-
000 to 1,500,000 circ. mils, and on the more important
streets are laid so that there are three in parallel. Facilities
are provided in conduit manholes so that in event of trouble to
any portion of the feeders the damaged cables can be discon-
nected from the circuit and power fed with those cables which
are in operating condition. A new system of negative buses
has been installed in conduit on the streets surrounding the
block containing the central power station, which is within the

of 8-ft. concrete conduit. The wood-stave pipe
is bound with 3-4-in. round steel hoops, placed 3 in. apart.

The conduit is 9 in. thick and is heavily reinforced.  The
hydraulic head at the power plant is 180 ft., and the gen-
erating equipment consists of one 2500-kva Western Electric
2300-volt, 60-cycle alternator driven by a Pelton wheel with
a full-load capacity of 3500 hp and a maximum capacity
of 4400 hp. Duplicate transmission lines will be built be-
tween the Weber canyon plant and Salt Lake City.

The rapid increase in the number and size of the cars oper-
ated in Salt Lake City has made necessary several changes in
the relay steam plant and the substation in Salt Lake City.
During the past year two 1500-kw Allis-Chalmers motor-
generator sets have been installed in the central station. Each
of these units comprises a 4000-volt 60-cycle 3-phase motor
direct connected to a railway generator. The installation of
the two motor-generator sets at this plant has released two
450-kw rotary converters from railway service, and these are
now used to supply power to the three-wire d.c. 250-500 volt
commercial power circuit.

If the present rate of increase in the power demand continues
it is expected that another railway substation will soon be
needed in the southeast portion of the city. The company is
pow extending its tracks 12 miles south to Bingham Junction,
and plans are under way for the construction of a railway sub-
station to be located at Murray, which will feed this suburban
division. The normal railway load has increased during the
last two years from about 1500 kw to 2900 kw. The total
rated capacity of the railway power supply without steam is
2500 kw, and with steam, 3050 kw.

ROLLING STOCK

The regular schedules require the operation of about 100
cars in summer. The total number of cars available is 144,
of which about 15 are held in for inspection each day. Dur-
ing the last year the company has purchased 50 new semi-
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convertible cars, which are now in use on the principal lines
of the city. These cars are equipped with four 40-hp motors
and air brakes. They have 6-ft. platforms and are 30 ft. long
over corner posts and 44 ft. long over bumpers. The seating
capacity is 44. The maintenance of equipment is carried
on systematically. All cars are inspected every night, and
after five days, or when, approximately, 1000 miles have been
run, each car is taken off the road and given a general inspec-
tion during the daytime so that such repairs as are necessary
may be made. Itis planned to put each car through the shop
for a general overhauling once each year.

The present shop facilities of the company have been in use
for a long time, and plans have been made and work soon will
be started on the erection of a large modern shop plant to be

"
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1 per cent grade sloping toward the rear of the building. At
the front of the building these tracks join in a ladder leading
to a double-track line on Seventh East Street. This special
track work, which is illustrated, was largely built in the com-
pany’s plant earlier mentioned. It is made up of 65 Ib. rails and
Wharton manganese steel frogs. At the rear of the car house
the 16 tracks are connected, eight with each of two ladder
tracks leading to the lines on Fifth South Street. This ar-
rangement of double-ladder tracks will permit the handling of
two cars at a time between the car house and the street, or will
permit the simultaneous movement of one car between the car
house and the street and another between the car house and the
shop transfer table. The track layout as shown in the ground
plan is such that three cars may be sent out to service in either

direction at three corners of the
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located on the same property with the new car house described
later.  The shop facilities will include the following:

Machine shop, 140 ft. x 160 fi.

Blacksmith shop and foundry, 140 ft. x 48 fi.
Carpenter shop, 120 f1. x 112 ft.

Paint shop, 120 fi. x 32 fi.

Store house, 120 ft. x 44 ft.

A transfer table 50 ft. wide and 280 ft. long will serve
these buildings. Additional room is available for the future
erection of buildings, which room is now in use as a material
yard.

NEW CAR HOUSE

A new fireproof car house with a capacity for 144 double-
truck cars has just been completed. This structure and the
chop buildings soon to be erected will occupy an entire block
680 ft. square located six blocks east and five blocks south
of the business center of the city. The new car house is 430
ft. long by 229 ft. wide, and has | 6 through tracks laid on a

Electrie Ry, Journal
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Railway—Trolley Wire Layout for Double-Track Grand Union

Cast-Iron Base for Tubular
Trolley Pole

fioors have a 1 per cent grade and are of concrete construction
with depressed troughs on either side, which are designed to
collect drippings from snow brought in by the cars and quickly
lead them to the sewers, thus affording a dry floor. All of
the pits are piped for hot-water heating. The pit space is
lluminated with [6-cp lamps set 10 ft. apart, staggered on
opposite walls.

The car-house superstructure is subdivided into four 4-track
bays with concrete floors. The floor of one bay is 2 ft. below
the level of the track rails to provide for the convenient in-
spection of trucks. Each bay is divided at its midpoint be-
tween the inspection and storage ends of the building by a row
of Kinnear rolling steel doors, thus scparating the fire risks
The front and sides of the building are laid with pressed brick
and cement mortar.

All foundations for the end and side walls were made of
concrete strengthened with American Steel & Wire reinforce-



520

ment, and the concrete work throughout the structure was laid
against galvanized iron forms and therefore presents a smooth
surface. The walls are surmounted by concrete copings and
pilasters to support the structural steel roof trusses.

The front of the building, which is designed in ‘‘Mission”
style, i1s a series of reinforced concrete arches supported by
brick piers and structural steel posts enclosed in concrete, pro-
tected on the outside by cast-iron boxes. Each of the arches
spans two tracks and supports the brick end wall. These
arches are made up of two 18-in. 55-lb. I-beams 28 ft. long,
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The roof of this car house has 83,600 sq. ft. of water-
proofed surface and 204 skylights, each 16 ft. x 8 ft. in
size. The skylights are filled with wire glass 1-4 in. thick
fitted in galvanized iron frames. The roof, which is sup-
ported by structural steel trusses spanning each four-track bay,
is a concrete slab 3 in. thick reinforced with 6-in. Kahn mesh.
The surface of the roof is water-proofed with four-ply Carey-
magnesia roofing. This roof construction cost 25 cents per
sq. ft. and the skylight construction 61 cents per sq. ft. The
inside of the roof and the end walls of the car house are cal-
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Utah Light & Railway—Block

from which a curved steel plate ribbed with angles is sup-
ported by 5-8-in. hook bolts. The entire structural steel work
of the arches is enclosed in a body of concrete 21 in. thick and
34 in. deep at the crown. In the end wall of each bay over
the pier supporting the pair of arches is the monogram of the
railway company. These monograms are 6 ft. x 6 ft. in size,
and were cast of concrete and set in the 13-in brick wall. The
opening under each arch is fitted with a Kinnear rolling steel
door equipped for operation by an electric motor.

Eteotrio Ry, Jowrnal

Plan of Car House and Shops

cimined cream color down to the height of 6 ft. above the floor.
The wainscot is painted black.

Over each track current is fed to the cars through a trolley
trough made of 4-in. 5 1-2-lb. channel irons with the edges
turned down. These channel irons are put up in lengths of
31 ft. 9 in. and are held together with cast-iron clips. They
are electrically bonded and are insulated from the steel roof
structure with wood. By the use of the channel irons it is
practically safe to run cars in either direction within the car
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house without turning the poles, which hardly would be pos-
sible otherwise on account of the close proximity of the aisle
sprinklers.

The entire interior of the car house is protected from fire
with an installation of dry-pipe sprinklers made by the Inter-
national Sprinkler Company. The valves controlling the ad-
mission of water are so equipped that they can be opened from
several points throughout the car house by pressing electric
contact buttons. Sprinkler lines are installed under the roof
directly over each track, and there are also six lines of aisle
sprinklers in each four-track bay with the sprinkler heads so
located that the water will strike the top sash of a car window.
A reserve supply of water is held in a 50,000-gal. tank
erected by the American Bridge Company. The top of this
tank is 97 ft. above the car house tracks.

The car house and the shop buildings later to be erected
are to be heated by hot water circulated in a pipe and feeding
system built according to the designs of Jesse C. Coogan, Mil-
waukee. The boiler plant consists of two 60-hp locomotive
type tubular boilers provided with American stokers and in-
stalled in a fireproof boiler house located at the northeast
corner of the car house. The fire boxes exhaust into a Weber
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the rise in outdoor temperature, a considerable economy is
said to result over the use of live steam, which would require
sufficient fire at all times to keep the piping under pressure and
afford circulation. It is expected that it will be pessible to
heat the entire plant in all except the most severe weather with
the use of only one of the 60-hp boilers.

The front half of the car house, which is occupied by 16
pits, each 210 ft. long, is heated by a continuous coil of two
pipes on each side of each pit. These coils are fastened to
the concrete side walls with hangers which permit expansion
movement. Series of coils are supplied with water from flow
and return mains enclosed in a concrete trench, which extends
from the boiler house across the full width of the building.
The rear section of the car house, which will be used for
storage, has a similar installation of supply mains and each
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ieinforced concrete stack 100 ft. high. A thermostatic regu-
lator controls the dampers on the boilers so that the tempera-
ture of the circulating water may be regulated automatically.
This arrangement permits the circulation of water at 100 deg.
in very mild weather, and also permits the raising of the tem-
perature of the circulating water to 300 deg. in cold weather.
[nasmuch as this possible variation in the temperature of the
circulating water can be controlled continuously and the
amount of coal burned also cut down in direct proportion to

of the four divisions in this end of the building is to be warmed
by series of radiation coils, each 200 ft. long, supported on the
side and division walls.

In the boiler house a Coogan turbine pump driven by a 3-hp
motor circulates the hot water through the entire piping system.
It is said that the load on this motor will be | 1-2 hp for the
entire plant.  The small pump and its driving motor are the
only mechanical devices, except stokers, used in the heating
plant.
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ELECTRICAL EQUIPMENT OF THE SALT
LAKE & OGDEN RAILWAY
E Lake & Ogden Railway has progressed satisfactorily
during the summer, and it is announced that electric
cars will be running over the entire line from Salt
The Salt Lake & Ogden Railway began operating steam
cars over its line between Salt Lake City and Layton, Utah,
in 1892. Since that time the freight and passenger business
it was found advisable to make provisions for facilitating
the handling of this traffic. Accordingly H. A. Strauss,
vice-president of the Falkenau Electrical Construction Com-
and after making a study of traffic conditions and the terminal
facilities he recommended that the line be rebuilt and equipped
for electrical operation.
was begun. The work now under way includes the construc-
tion of a new roadbed and track from Layton north into
Ogden, a distance of 16 1-4 miles, also the regrading of

LECTRIFICATION work on the line of the Salt
Lake City to Ogden, Utah, by Jan. 1, 1910.
has developed to such an extent that about two years ago
pany, Chicago, [ll., was engaged to act as consulting engineer,
Early in 1909 the active work of rebuilding the system
many parts of the existing track and roadway, elimination
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traverses a fertile belt lying between the western slope of the
Wasatch Mountains and the eastern shore of Salt Lake. The
track, which has a maximum grade of 1.1 per cent and
maximum curves of 6 deg. outside of the cities, is laid with
85-Ib. steel and is bonded with No. 0000 twin terminal bonds.
Franchises owned by the company provide for the operation
of cars in Salt Lake City over 4 miles of track occupying
some of the important streets of that city and around a block
adjoining the Federal Building, near the center of the business
section of the city. Part of these tracks will be used jointly
with the Utah Light & Railway Company. The company
also owns several pieces of property fronting on the streets
traversed by its tracks, which will be utilized as needed for
an additional car shop and storage tracks and for freight and
passenger stations and other terminal purposes. At Tenth
North Street the company’s tracks cross the lines of the Oregon
Railway & Navigation Company and the Rio Grande West-
ern Railroad Company, with which roads the Salt Lake &
Ogden Railway has definite arrangements for the interchange
of freight. This crossing is one of the important junctions
from which a large amount of business is derived.

Within the city of Ogden at the northern end of the rail-
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Salt Lake & Ogden Railway—Plan of Lagoon

of short-radius curves, lowering of heavy grades,
laying of tracks with heavier steel, bonding of rails, string-
ing of feeder and trolley wires and rearranging of the
city terminals. The plans also called for the purchase of
electric motor cars, rebuilding steam raillway passenger
cars for electric railway train operation, building substations
and making arrangements for an adequate supply of electric
power.

The Salt Lake & Ogden Railway has its two terminals
located in the principal cities from which it derives its name.
The corporate limits of these two cities, Salt Lake City and
Ogden, are 29.5 miles apart. The tracks connecting these
cities, together with the branch lines and the lines that have
been provided in the city streets, aggregate nearly 40 miles.
The road is built on private right-of-way averaging 66 ft. in
width between terminals. At both Salt Lake City and Ogden
excellent terminal facilities are owned.

The line, which runs in a general north and south direction,

re-

Uk Becks Hat s,
\ Springs” 7

Balt L
City

Park

road, the company owns a private right-of-way to a depot on
the main street.  From here the electric cars will operate along
the public streets to a terminal loop located opposite the Fed-
eral Building of that city. Branch lines connect with the main
line at Stockdale, Bountiful and Kaysville. These spur lines
are from 1-4 to 1 3-4 miles long and each serves brick and
slockyards, which originate a substantial amount of freight
traffic.

For the present, heavy freight will be handled over the
electrified road by steam locomotives, which will be run only
at night. The freight traffic during the past year exceeded
190,500 car-miles. This figure, however, includes practi-
cally 90 car-miles per day of light freight, which will be
handled by electric cars. A substantial milk, perishable
freight and express business has been developed and soon will
be handled on the electric cars.

The track has been rebuilt for high-speed operation. An
hourly local service with running time of 1 hour and 45 min-

Map of Route
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utes between terminals will be maintained. In addition to
local trains a limited train will leave each terminal every
three hours during the day and is scheduled to cover the dis-
tance between terminals in 70 minutes, making only three
stops en route. It is planned to operate single motor cars
during the hours of light traffic. Trail cars will be added,
however, to suit the needs of ‘the traffic and also additional
motor cars with train control when required.

At Farmington the company controls a summer resort
known as ‘““The Lagoon,” which is freely patronized by the
residents of the entire State of Utah and has been self-sup-
porting for several years. This resort includes 40 acres of
land situated between the Wasatch Mountains and the great
Salt Lake. Among the many amusements provided here are
the following: Dance pavilion, miniature railway, athletic
field, ball park, menagerie, shoot-the-chutes, roller skating rink,
scenic railways, boats, 9-acre lake, bowery, bowling alleys,
shooting galleries, bear pits, etc. During the year 1908 there
were about 250,000 admissions to the park. As soon as it
is possible to give a more frequent service on the line leading
directly to the gates of this resort it is expected that these
figures will be surpassed.

POWER SUPPLY

Power for the operation of the line will be supplied either
from a power house to be built by the company or from the
high-tension lines of a hydro-electric power company, which
run almost parallel with the railroad. Four substations, which
are being built at intermediate points along the line, will be
equipped each with two 400-kw rotary generator sets and the
necessary auxiliary equipment. Direct current at 700 volts
will be distributed to the cars by two No. 0000 grooved trol-
ley wires supported on 3-8-in. Siemens-Martin steel-strand
spans from poles back-guyed to St. Louis malleable iron guy
anchors. One line of poles will be 35 ft. high and the other
30 ft. The poles are being treated with carbolineum at
the butts and set 6 ft. in the ground. They are protected at
the ground surface by a collar of concrete 23 in. deep ex-
tending 5 in. above ground to form a water table. A supple-
mentary copper feeder of 750,000 circ. mil cross-section is
being erected on one line of poles over the entire distance.
The overhead fittings for this trolley and feeder installation
were supplied by the Westinghouse Electric & Manufacturing
Company, and the pole hardware by the Western Electric
Company.

ROLLING STOCK

Ten motor cars have been built by the Jewett Car Com-
pany for use on this railroad, and 40 steam railroad passen-
ger coaches will soon be rebuilt at the company’s shops for
electric train operation. The motor cars, which have a seating
capacity for 60 passengers, are designed to conform as nearly
as possible to standard M.C.B. specifications. The follow-
ing are the dimensions of the cats:

Length over buffers. . I 56 ft. 6in
Length over corner posls .................. 44 fr. Oin.
Length from center to center of trucks. ........ 35 ft. Oin.

Width overall ........ R . 9fL Oin,

Width over side sills. . P 8ft. 21-4in.
Width, inside measurement. 7ft. 11 1-4in.
Height from top of rail to center of drawbar. . 0ft.341-2in.
Height from bottom of sill to top of car....... pee we It Tin
Wheel base: ous:snmaremsisssmarsvsmansmmass g ... 6ft 6in.

The interiors of the cars are finished in solid mahogany
with full-vaulted Empire ceilings. The main compartment
has 15 reversible and four stationary seats of the Hale & Kil-
burn No. 199 type. The smoking compartment has four re-
versible and four stationary seats.

The baggage compartment occuples a space |1 ft. long at
the front end of the car, and has two sliding side doors. This
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compartment is lined on the sides and ends with 2-in. ash
strips. Two folding seats are placed along the side walls.
The vestibules, which are 4 ft. 6 in. long, have end doors for
use during train operation. The front end of the car is set
off as a motorman’s cab. The cars are built for single-end
operation, but are equipped for double-end control. They
are lighted by 16-cp frosted globe incandescent lamps, ar-
ranged as follows: Two lamps in the vestibule; 19 lamps on
the deck rail, and 12 lamps on the ceiling of the main com-
partment; two ceiling lamps in the toilet room and eight deck
and three ceiling lamps in the smoking compartment. Com-
bination arc and incandescent headlichts will be used. The
lamps are grouped in circuits to allow for partial lighting, if
desired.

The cars are equipped with Janney radial M.C.B. couplers
and McConway & Torley draft gear adapted for train
operation in heavy interurban service. Other equipment in-
stalled on these cars includes: Baldwin class 78-30 trucks,
Symington ball-bearing centerplates, Woods roller side bear-
ings, Keystone air sanders, Edwards window fixtures, Cur-
tain Supply Company’s ring curtain fixtures, Duner toilet fix-
tures, Westinghouse AMM brake equipments, General Elec-
tric 205-B motors, General Electric type M automatic con-
trol and Peter Smith hot-water heating system.

&
A 4

NEW OGDEN CANYON LINE

mile street railway line within the city of Ogden,

Utah, and is just completing a scenic suburban ex-

tension up the deep canyon of the Ogden River, 3
miles, to a popular hotel and resort called ‘“The Hermit-
age.”” The road, which is built against the base of the moun-
tainside, has largely been cut out of solid rock. The roadbed
1s just above a tumbling stream, on the opposite side of which
is a highway. An illustration on Plate XVI shows a portion
of the roadbed, the stream and the highway. This view was
taken before the trolley wire had been placed. The cost for
constructing the three miles of roadbed in this canyon was

$85,000.

THE Ogden Rapid Transit Company operates a 12-

0@

EMIGRATION CANYON RAILROAD
5 FREIGHT and passenger road extending from the

southeastern part of Salt Lake City to quarries lo-

cated 14 miles away recently has been equipped for

electrical operation by the Emigration Canyon Rail-
road Company. In the length of this line the road climbs to an
elevation of 7000 ft. in the Wasatch Mountains. This trip
affords many beautiful views of rugged mountain scenery. The
original reason which called for the building of the road was
the transportation of lime and sandstone from quarries in the
mountains to Salt Lake City, where these materials are used
for building purposes. The electrification of this road has
biought about the location of many summer homes along the
canyon and steadily-increasing passenger traffic. Power for the
operation of the line is obtained from the Utah Light & Rail-
way Company as high-tension alternating current and is con-
verted at a sub-station located about the midpoint of the line.
The rolling stock equipment includes two Washington type
motor cars and two 40-ft. 6-in. open trail cars with canopy
tops, manufactured by The J. G. Brill Company. The
closed motor cars are designed for all-the-year service and
have sufficient motor capacity to haul the trail cars for
handling the heavy summer traffic.



ELECTRIC RAILWAYS IN AND ABOUT SPOKANE

STREET AND INTERURBAN RAILWAY
SYSTEM OF THE WASHINGTON WATER
POWER COMPANY

operates 75 per cent of the street railway system in

Spokane, Wash., and also interurban lines extend-

ing southwest to Medical Lake and Cheney. With-
i the City of Spokane the company operates 75 miles of
well-built track, and the interurban lines comprise 29 miles
of track. The principal investment of the company is in
several large water-power developments and a steam relay
station, all of which are connected by a high-tension trans-
mission system with 450 miles of pole line, tying the stations
together and distributing power to many of the important
cities in Eastern Washington and to the mining districts be-

iween Spokane, Wash., and Coeur d’Alene and Wallace,
Idaho.

THE Washington Water Power Company owns and

TRACK CONSTRUCTION
The company’s tracks within the city limits of Spokane
are laid with 7-in. 70-lb. T-rail connected by continuous rail
joints and bonded with American Steel & Wire twin terminal

with asphalt, and trouble has been experienced by the top

-coat of the asphalt being wedged up against the outside of the

rail and above the running surface. In the track lately laid
this troublesome feature has been obviated by a change in the
method of placing the asphalt binder near the rail. Instead
of bringing the binder level across the street and against the
web of the rail, it is sloped down so that it does not come
within more than 3 in. or 4 in. of the rail. The top coat
thus fills the space along the rail from the concrete foundation
to within 1/4 in. of the head of the rail. This top coat is
pliable and so adjusts itself in expansion and contraction
that it does not pile up, as it did when the binder was laid
against the rail web.

The company makes its own trolley ears at its large repair
shops in Spokane. These ears are cast in the brass foundry
and finished on a shaper in the machine shop. Formerly when
finishing one of these ears it was necessary to use three set-
tings of tools and take three cuts to smooth the interior groove
and the outside of the two lips. To effect an economy in this
process an improved tool with a removable center was made,
and with this tool the groove and lips of a trolley ear can be
finished both inside and out on a shaping machine with one
setting. The cutting tool has a V-shaped edge, in the center
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Washington Water Power Company—Floor Plan of New Station Building

bonds. Before installing these bonds the terminals are tinned
and after the bonds have been placed in the rail the terminals
are soldered to the steel, thus protecting them from corrosion.
This method of soldering the bonds after installation was
developed by the company’s engineers.

The interurban lines are built on a private right-of-way and
are modern in every respect. The tracks are laid with 60-lb.
standard section rail and are well ballasted. The roadways
are fenced and shelters are provided at important crossings.
Attractive passenger stations have been built at the towns
served. The overhead construction is standard flexible-sus-
p nsion-supported d.c. single trolley.

It is the practice when building track to keep the cars oper-
ating on the street all the time and give up only one of the
tracks to the construction forces during the time it Is neces-
sary to make the excavation and lay the rails. It is thought
that by this means the continual passage of the cars over the
track tends to set the ties into their foundation more securely
than otherwise, and it is certain, also, that all the settlement
takes place before the pavement is laid.

The track substructure includes a rock-ballast foundation
on the top of which is a floor of concrete brought up above
the rail base. Many of the streets in Spokane are paved

of which a removable piece of tool steel, ground with a round

nose, is set. This removable piece serves to finish the inside

of the ear and it may be lifted out for sharpening.
BUILDINGS

The Washington Water Power Company’s headquarters
are in an especially fine office building owned by the com-
pany. The first floor of this building is used by the light-
ing department for a display room and as a public business
ofice. The upper three floors are occupied entirely by the
company’s engineers and officials.

A terminal passenger station is now being built on Wall
Street in Spokane. This station will be two stories and a
basement in height, 127 ft. long and 27 ft. 2 in. wide.
Along the street side of the station a projecting roof will
form a passenger shelter and protect the loading space be-
tween the track and the building. The interior of the firs
floor of this building will be subdivided into a baggage room
25 ft. by 25 ft., an office 13 ft. 6 in. by 16 ft. 2 in. for the
dispatcher, toilet accommodations, a waiting room 30 ft. x
25 ft., and a general office for the transportation department
50 ft. x 25 ft. in size. In one corner of the baggage room
will be a compartment 10 ft. x 5 ft. for fruit storage. The
structure is being built of brick.
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The interurban station at Cheney, the southern terminus of
one of the interurban lines, is an attractive looking brick build-
ing, rectangular in shape and 26-ft. x 89 ft. in ground dimen-
sions. The building has a wide overhanging roof covered
with tiling. Suitable accommodations are provided for pas-
sengers, freight and baggage. The freight platform 1s 28 ft.
in length.

The Washington Water Power Company has the only
amusement park within the city of Spokane. This resort,
known as Natatorium Park, has attractive natural surround-
ings which have been fully developed. During the present
summer the company has completed an elaborate bathhouse
with a concrete swimming pool 75 ft. x 152 ft. in size and
ranging in depth from 3 ft. to 12 ft. The enclosing building
is 107 ft. x 184 ft. in ground dimensions. A continuous
stream of water is warmed and fed into the bathing pool by
steam ejectors which lift the water from the well. The use
of steam ejectors in this connection is thought to be unique.
Steam for the operation of the ejectors is generated in three

80-hp boilers.
POWER STATIONS

The total generating capacity of the several power plants
feeding the extensive transmission system is 40,500 kw. A
power plant now in course of construction at Little Falls, on
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brick building supported on concrete foundations. Adjacent
to the generator room is a transformer and switching station.
In the transformer and switching station the current from the
generators 1s stepped up to 60,000 volts potential, and fed to
Spokane over either of two transmission lines and to Wallace,
Idaho, on another line which is built in duplicate.

The steam relay station in the City of Spokane is an ex-
ample of the latest type of plant and equipment. It is a
brick structure supported on piling and concrete foundations.
The boiler plant is made up of twelve 514-hp Aultman &
Taylor hand-fired boilers. Steel stacks provided with four
induced-draft fans built by the Buffalo Forge Company
supply draft. Coal is unloaded automatically and trans-
ferred to the firing aisle by a bucket conveyor. The boilers
are equipped with Mason steam pressure regulators and Spen-
cer damper-operating mechanisms.

The main generating units are one 5,000-kw and one
9,000-kw 13,200-volt 60-cycle Curtis turbines. This plant
1s provided wtih a very complete switching gear for handling
the 60,000-volt current delivered to the company’s transmis-
sion system at its central substation in Spokane. The 60,-
000-volt transmission lines extending in three directions from
Spokane center at a transfer substation located just south of
the city. This station is provided with transfer buses and
high-tension switching gear, as well as transformer equipment
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Washington Water Power Company—Elevation of Bathhouse at Natatorium Park

the Spokane River, will have an immediate additional capac-
ity of 20,000 kw developed by four G.E. generators driven
by I. P. Morris central-discharge horizontal turbines. The
oldest water power station of the company is located within
the commercial district of the city of Spokane, in the gorge
of the Spokane River. This plant is now developing 13,000
hp and later, by the development of the total fall of 144 ft.
within a distance of 1200 ft., the total capacity will be in-
creased to 40,000 hp at low water. This plant is equipped
with both a.c. and d.c. machines. The alternating-current
machines operate in parallel with the transmission system and
the direct-current machines feed the local street railway system.

At Post Falls, 24 miles east of Spokane, on the Spokane
River, near its source at the foot of Lake Coeur d’Alene, the
company has a power plant with an equipment of six 2,250-
kw G.E. alternators driven by horizontal waterwheels. The
plant is located at natural falls in the river. Just above the
falls a bear-trap dam with Tainter gates diverts the water into
the power-house canal. There is a head of 57 ft. The
natural storage reservoir of the Post Falls plant is Coeur
d’Alene Lake, which has an area of 45 square miles. Thus
the company 1s not bothered with a shortage of water during
the dry seasons. The power-station structure is a fireproof

to lower the voltage for local distribution. An interesting
feature of the 450-mile 60,000-volt transmission system of
this company is the installation of open-air switches at the
principal junction and branching-off points. These switches,
which are of the horn type, are mounted on the tops of poles
and are operated by long wooden rods which can be manipu-
lated from a platform about 10 ft. below them.

A large central receiving substation is now being built in
the heart of the commercial district of Spokane. This build-
ing 1s to be 200 ft. x 107 ft. in ground dimensions and its
equipment will include 30,000-kw capacity in transformers.
The output of these motor generators will be used to supply the
local railway system and the company’s lighting feeders.

ROLLING STOCK

The shops of the Washington Water Power Company re-
cently have completed a very useful combination wrecker and
line car.  This car has a substantially built box body mounted
on Brill trucks carrying four GE-52 motors. The car
complete weighs 21 tons and is equipped with National Brake
& Electric Company’s air brakes, two arc headlights, an ele-
vating tower with swinging platforms which serves two tracks,
and a reel stand for trolley wire. A swinging bracket and
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chain block are provided at the entrance door of the car so
that heavy supplies or tools can be lifted easily and swung
onto the car floor. The roof of the car is floored over so
that the linemen are free to use the entire space in their work.
Several of the operations of the car and its equipment are con-
trolled by compressed air. At the motorman’s position there
is the usual type of engineer’s valve, also one which admits air
to a large piston for raising and lowering the trolley tower, and
a valve which operates an air brake on the trolley-wire pay-
out wheel. An electric bell circuit is provided with a push
button on top of the tower and a bell within the body of the
car so that the linemen may conveniently signal the motorman.
The telephone equipment 15 a wall set mounted with a hinge
and so weighted that when it is not in use it will be held
against the roof of the car and out of the way. A work
bench, vise and a complement of small tools are carried on the
car.

The rolling stock equipment of the Washington Water
Power Company includes 108 city and interurban passenger,
freight and miscellaneous cars. The passenger equipment
bodies are mounted on a special type of Brill trucks with rein-
forced corners and milled pedestal guides. The trucks under
the interurban cars have a 6-ft. wheel base with inside-hung
motors and brakes. Both city and interurban cars have 34-in.
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age length of 450 ft. The building is 130 ft. wide at the
rear wall. There are 10 storage tracks ranging in length
from 300 ft. to 575 ft. The car house and a portion of the
shops are protected against fire by a dry-pipe automatic sprink-
ler system with 18 main distribution pipes. The sprinkler
heads in the car houses are spaced one for every 8-ft. square
at the ceiling and are located 8 ft. apart along the aisles at
the level of the car transoms. The water supply for this
system ordinarily 1s obtained from the city pipes, but there is
a 50,000-gal. reserve tank mounted on a steel tower 75 ft.
high, located in the car-house yard. This car house has con-
crete walls and timber roof and pit construction.

A new car house is being erected at Cedar Street. This
building 1s 256 ft. long by 225 ft. wide and will have pit
tracks to hold 180 50-ft. cars. The car house tracks are
laid on |2-ft. 6-in. centers and at the connecting ladder the
shortest curves are 45-ft. radius. Four concrete fire walls
divide the building longitudinally. The steel doors over the
track entrances are operated by electric motors.

SHOP PRACTICE

A view of the interior of the machine shop is pre-
sented on Plate XXI. The repair plant has a very complete
equipment of machine and woodworking tools, and in this
plant the company manufactures a considerable portion of its

rolling stock parts and general supplies for the

— track and roadway department.
A type of trolley wheel is manufactured
in the shops with which remarkably good
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Washington Water Power Company—Method of Attaching
Coupler for Train Operation

Midvale steel wheels weighing 790 lb.  Solid gears are used
throughout. The standard city passenger car is a double-
truck equipment with longitudinal seats at either end and cross
seats in the center. The interurban freight cars are operated
i: trains and are mounted on M.C.B. type Brill and Baldwin
trucks and, as in the case of the interurban passenger cars,
have Washburn M.C.B. type couplers.
SHOPS AND CAR HOUSES

The main repair shops and car houses of the Washington

Water Power Company are located in the western part of the
city of Spokane. The group of buildings comprises a shop
“structure 255 ft. square, subdivided into a main repair bay
and car storage with 10 tracks, a paint shop, stock room,
blacksmith shop, machine shop, armature room, foundry and
office.

The central operating headquarters for the city and inter-
urban service are located in the two-story office portion of the
main car house and repair shop building. The receivers’
office on the second floor of this building has been designed
to provide against burglary. The room has brick walls
and a door and front covered with heavy boiler plate.  There
is no view through this side of the room into the general train-
men’s quarters. Cash is received in a swinging metal drawer
arranged similarly to the deposit trap of a receiver’s safe.
The adjoining car house has concrete side walls with an aver-

results have been obtained. This wheel has
the usual shape of web and rim. The hub,
however, is fitted with a scheme for lubricat-
ing which has been developed by the
company’s employées. In the manufacture
of these wheels the hub is first bored somewhat larger than the
diameter of the bearing pin. Both ends of the hole are then
plugged separately, and between the two plugs a layer of felt
5/8-in. thick saturated in oil is placed. When the plugs are
driven in the felt is compressed to a thickness of about 3/64
in. A hole for the axle is then drilled in the ordinary man-
ner. This felt washer retained at the center of the axle con-
tinually wipes it with the lubricating oil, which feeds outward,
thus excluding the dust and affording a longer life to the
bearing than can be had from the rim of the wheel.

In the truck shops a considerable number of welds of im-
portant parts are made with thermit and good results have
been obtained. Controller repairing is not done on the cars,
but when it is necessary to remedy some defect in a controller
it is removed from the car and a new controller put in its place.
In this way a car otherwise in operative condition is not held
in for a minor repair.

In the maintenance work good results are being had from
the use of a babbitt mixture comprising 100 parts of tin, 10
parts of antimony and 10 parts of copper. It is necessary to
pour this mixture quickly and to have the molds hot. There
results from this process a very tough metal which can be
remelted often if not overheated. Special care is taken not
to get any zinc into the babbitt mixture. As a precaution
against this the babbitt is chipped and not melted out of the
brass linings. To provide against overheating the babbitt
mixture a large body of metal is used, heated by a wood fire
which is easily controlled.

All of the wire from burned fields is cleaned and reinsu-
lated with a machine purchased from the American Insulating
Machinery Company. This wire-insulating machine will
handle any size of wire from No. 10 to [/2-in. square, but
is used principally in reinsulating field wire. When a coil
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of field wire is to be reinsulated the field spool is heated until
the insulation is carbonized. Next the wire is fed through a
scraper and then into the winding machine, where it is straight-
ened thoroughly, cleaned and a cotton covering of single,
double or triple braid applied. No. 80 S. I. 18-end cotton
is used. The cost for reinsulating wire with this machine is
stated to be less than 2 cents per pound for labor and material.

The oil house and paint storage rooms for the repair shop
are concrete structures built underground and outside of the
main shop wall. The rooms connect with the shops by con-
crete stairways, the openings to which can be closed by fire
doors. The oil pumps are located below the floor level and the
storage tanks are filled from out of doors.  Oil is drawn from
these tanks by six Bowser measuring oil pumps. The sprink-
ler system is extended into the underground oil house and into
the paint storage room.

&
A\

SPOKANE & INLAND EMPIRE SYSTEM
ONE of the two street railway systems in Spokane is

owned and operated by the Spokane & Inland Em-
pire Railroad Company. The other, as described,
is owned by the Washington Water Power Com-
pany. The principal investment of the Spokane & Inland
Empire Company, however, is its well-built interurban elec-
tric railway system, serving the large cities of eastern Wash-
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Spokane & Inland—Map of Routes

ington and extending into Idaho at two points about 90 miles
apart. From the passenger terminal at Spokane the lines
of this railway radiate in two directions. To the east along
the Spokane River a direct-current operated line serves a
highly developed irrigated valley between Spokane and Coeur
d’Alene, and an extension from Coeur d'Alene reaches Hay-
den Lake, an attractive resort. From Spokane south the
single-phase division is a single-track line to Spring Valley
junction, 40 miles, from which point two branches extend: one



528

directly south to Colfax, 77 miles from Spokane, the other
in a southeasterly direction to Palouse, 76 miles, and to Mos-
cow, Ida., 90.4 miles from Spokane. The territory through
which this southern division passes is a rolling wheat belt and
a fruit and truck-gardening district.

In constructing the roadbed of the entire Spokane & In-
land Empire system actual steam railroad standards have
been so closely followed that no difficulty is experienced nor
are special precautions needed when handling any train that
a competitive steam railroad may handle.

The principal constructional and operating features of the
Inland Empire Railway system have been described in
earlier issues under the following references: STREET
RaiLway JoURNAL for April 27, 1907, page 725, general
description; Feb. 8, 1908, page 207, special train service.
ELEcTRIC RAILWAY JOURNAL for Oct. 10, 1908, page
898, hydro-electric power plant; Oct. 15, 1908, page 1085,
an article on publicity methods by Charles E. Flagg, adver-
tising agent; Feb. 27, 1909, page 364, description of park
and lake resorts. ELECTRIC RaiLway ReviEw, Feb. 20,
1907, page 148, description of terminal station and office
building at Spokane; Sept. 7, 1907, page 279, description
of mail trains; Oct. 19, 1907, page 678, facilities for hand-
ling foreign shipments of grain; Oct. 26, 1907, page 697,
power system, including description of phase-changing and
storage battery plant; Dec. 7, 1907, page 891, repair shop;
Dec. 28, 1907, page 997, an article on the parlor-car service.
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The Spokane terminal of the Inland Empire system is
located in the heart of the city in the block adjoining the new
Federal Building and close to the Spokane River.  The
{reight terminal is about one-half mile distant up the river.
Work is now in progress on the driving of a tunnel which
will permit all the interurban trains to pass under the busi-
ness center of the town, between the end of the right-of-way
at the freight terminal and the passenger terminal without
operating over street tracks, as now is done. The view of the
terminal station and office building presented on Plate XXII
shows a large crowd of people about to take trains on the
Coeur d’Alene division to participate in the drawing for the
Indian reservation lands which were opened during July of
this year.

One of the many resorts on the Inland Empire system is
Liberty Lake, Wash., which, in the past two years has been
promoted by the railway interests. This resort is 17 miles
east of Spokane on the Coeur d’Alene division. Liberty
Lake is a beautiful body of water nestled among the foot-
hills of the Mica Mountains at an elevation of 2,000 ft. The
railway company owns property on the east shore of the lake
and has built an attractive passenger station here with a loop
track for turning its lake service trains. The Liberty Lake

resort has been developed by the construction of dance and
dining pavilions, bathing and boat piers and many smaller
structures, all built according to the Swiss chalet style of
architecture.




THE BRITISH COLUMBIA ELECTRIC RAILWAY

growth in the last 10 years. Vancouver, the largest

city in the Canadian Northwest, is the commercial

center of British Columbia. Since the first train
over the Canadian Pacific Railway arrived in Vancouver
in May, 1887, the population of that city has increased
from 3,000 to 100,000, and its neighbor, New West-
minster, has grown to be a city of 12,000 population.
Vancouver has excellent water, rail and street transporta-
tion facilities. The British Columbia Electric Railway
operates 24 miles of track within the city and has a total of
97 miles of track, centering in Vancouver. At the present
time this road is being largely extended and many substantial
improvements are under way.

The British Columbia Electric Raillway now operates high-
speed interurban lines to New Westminster on the Fraser
River, 12 miles, to Steveston at the mouth of the Fraser
River, about 20 miles, and a connecting service over the
electrified Canadian Pacific Railway tracks between Eburne,
the midpoint on the latter line, and New Westminster. By

BRITISH COLUMBIA has shown a remarkable
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on the remainder of the line. The constructional details of this
long interurban line are presented later.
OPERATION

The operating headquarters of the British Columbia Elec-
tric Railway are in Vancouver. During the year ending June
30, 1909, the lines in Vancouver and its suburbs carried
25,250,000 passengers. This was an increase of 3,160,000
passengers over the number carried the year before, and these
were carried with but a small additional increase of trackage.
The headquarters of the transportation department are in the
group of buildings which includes car houses, central repair
shops and a substation near the commercial center of Van-
couver.

Sixty-two regular city cars, 15 trippers and an observa-
tion car are regularly operated in Vancouver. The local
service in New Westminster includes six regular cars. In
Victoria the company has 40 cars. Six regular freight trains
are operated daily between New Westminster and Vancouver.

The observation car, an illustration of which is presented on
Plate XXIII, is built with cross seats rising in steps from the

front to the rear. This car has a seating ca-

pacity for 50 persons. The heavy under-

frame is mounted on two pairs of Brill trucks,

cach carrying two inside-hung GE-67 mo-

tors. Westinghouse air-brake equipment and

platform control are provided. This car,

which presents an attractive appearance, was

built in the shops of the British Columbia

Electric Railway, and makes two trips a day

throughout the city and suburbs, visiting the

bathing beaches, the ocean shore and Stanley
Park.

On its city lines in Vancouver the com-
pany collects three classes of fares other than
the straight 5-cent fares. Commutation
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British Columbia Electric Railway—Map of District Served

-means of these lines it is possible to give direct service from
Vancouver to Steveston and New Westminster and from New
Westminster to Eburne, Steveston and Vancouver. The
British Columbia Electric Railway has the railway, light
and power franchises in all of these and other suburban cities.
It is also giving similar service in North Vancouver, a city of
3,000 population, and owns and operates the 20-mile street
and suburban system in the city of Victoria with 20,000
population on Vancouver Island. The company has under
way a number of extensive projects which will include
the construction of 12 miles of suburban trolley and the in-
stallation of lighting and power service wires through the
district, which will be reached by the new lines. The old
nterurban line between Vancouver and New Westminster has
been reconstructed within the past year and double tracking
for half of its length completed. The proposed plans for ex-
pansion include the construction of an interurban line on
Vancouver Island, leading out of the city of Victoria,
but the most important project now in hand is the construction
of a 63-mile line up the Fraser River valley. It is anticipated
that the first 20 miles of this line will be in full operation
before the close of the present year and work well in hand

tickets, good at any time, are sold six for
25 cents; workmen's tickets, good between
the hours of 6 and 9 a. m. and 5 and 7
p m., and are sold eight for 25 cents; children’s school
tickets are sold eight for 20 cents. Transfers given on
any line are acceptable on any other line. Formerly a
separate transfer was printed for each line, but a new transfer
has been put into use, which covers all of the lines and thus a
considerable saving in cost of printing is made by the use
of the universal transfer. A sample transfer is reproduced
on page 530. The original size of these transfers is 4 1-4 in. x
2 1-2 in. Fares and transfers are collected on the cars with
Coleman portable fare boxes similar to those used in Montreal.

In training new men the course of instruction includes
service on the cars with five different instructors, one of whom
i1s an air-brake expert. After these five men have certified
to the ability of a student he serves two weeks in the car
house to familiarize himself with the details of the equipment
and then i1s examined by the superintendent of transportation.
The student is not required to write his answers, but dictates
them to a stenographer in the presence of the superintendent.
When the notes are transcribed one copy is retained by the
superintendent and the other is sent to the general manager.
The company maintains a course of lectures delivered daily
by electricians and traffic experts. The men are invited to at-
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tend these lectures and to broaden and refresh their knowledge
on operating .and maintenance subjects.

Trained ambulance corps fully equipped for the handling
of emergency cases until the hospital surgeon arrives with
more complete equipment, are maintained at the traffic head-
quarters and at one of the substations. The equipment for
these ambulance corps includes two hand ambulances with
very complete “‘first aid” outfits.

The shop forces of the British Columbia Electric Railway
are divided into maintenance and car construction organiza-
tions. The maintenance shops are in Vancouver, while the
construction shops are located on a large property just north
of New Westminster. These shops have in hand the con-
struction of 26 city passenger cars, built with platforms on
which the pay-as-you-enter method of fare collection may be
used if desired, work locomotives and two portable substations
for the new Fraser valley interurban extension.

Seventy men are regularly employed in the car construc-
tion shops, which are fully equipped for building car bodies
and trucks. Views of the interior of the shops and of a
passenger car and freight locomotive built here are presented

on Plate XXIII.
POWER GENERATION

Power for the operation of the cars and for feeding the
lighting and commercial circuits is generated in a large hy-
draulic station owned and operated by the company and

located at tidewater on
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2,200-volt generator and one pair of 5,000-hp Pelton wheels
driving a GE 5,000-kw 2,200-volt generator. Construc-
tion work is well advanced on an extension of the plant, which
will permit the installation of a 5,000-kw Dick-Kerr genera-
tor to be driven by a 10,000-hp Doble waterwheel.

The water supply for operating this plant with its present
capacity of 22,000 hydraulic horse-power now developed and
50,000 hp total capacity, is taken from Coquitlam Lake,
a body of water about 6 miles long, located 3 miles over a
mountain ridge from the power house. The original outlet of
this lake led to the Fraser River, about 18 miles south of the
south end of the lake. Flowage through this outlet was
stopped by the construction of a 12-ft. dam, and thus the
lake made into a large reservoir. From this lake a tunnel
12,774 ft. long was driven under a mountain nearly a mile
high, and a new outlet for the waters of Coquitlam Lake was
thus made. The tunnel discharges into Trout Lake, a body
of water about 3 miles long, the north end of which is
about 1.5 miles from the power house. From Trout Lake
the waters are led through flumes and steel pipes to the power
house located at the foot of a steep mountainside at sea
level. The hydraulic head on the waterwheels is 400 ft.,
and water is fed to the Pelton wheels through riveted steel
pipes varying from 54 in. to 60 in. in diameter. The
10,000-hp Doble wheels will be fed by similar pipes varying
from 7 ft. to 6 ft. in diameter.

Provision for the large increase in the generating capacity of
this plant is being made, not only by the extension of the power
station building, in which work 7,000 cu. yd. of rock were
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blasted out of the side of the mountain and a very complete
reinforced concrete wharf built on which to unload new ma-
chinery, but also by the enlargement of the tunnel between
the two lakes and the construction of a new diversion dam
at the foot of Coquitlam Lake. The original tunnel, 2.5
miles long, between Trout and Coquitlam lakes, was 8 1-2 ft.
square in section. Its size is being enlarged to 13 1-2 ft.
square, which will more than double the capacity. The di-
version dam 1s being raised in height from 12 ft. to 60 ft.,
thus greatly increasing the storage capacity.

The output of the generators of this plant at 2,200 volts
is controlled by a new switchboard with Westinghouse instru-
ments and 1s conducted to a large reinforced concrete trans-
former house located on the mountainside, just above the
power plant. In this transformer house is an equipment of air-
blast step-up transformers with Sturtevant blast fans belted
to Westinghouse induction motors. Here the pressure is
stepped up to 40,000 volts and the current fed 18 miles
by a transmission line to a receiving substation in the center
of the city of Vancouver. A branch line feeds two sub-
stations, one located in New Westminster and one about 3
miles west of New Westminster on the interurban line to
Vancouver. A new substation has been built on the Van-
couver-Steveston line, and plans have been made for the
construction of several stations on the Fraser River valley
line to Chilliwack.

FRASER VALLEY BRANCH

An interesting description of the Fraser valley interurban
extension now under construction, was read by Robert Howes,
electrical engineer, before the last annual meeting of the Ca-
nadian Street Railway Association, and acknowledgment is
made for the following information regarding the most inter-
esting features of this line.

Immediately to the east and south of Vancouver and be-
tween the Fraser River and the international boundary line
lies a strip of land measuring practically 60 miles in length
and averaging 10 miles in width, through which the British
Columbia Electric Railway Company is now building a mod-
ern interurban electric railway. This line, when completed,
will be 63 miles long and will serve the territory referred to
between the city of New Westminster and the town of Chilli-
wack. The line will pass lengthwise near the center of this
tract of land and will serve the towns of Cloverdale, Abbots-
ford and Huntington. The road has been designed for high-
speed operation, and the franchises secured by the company
provide for the carrying of passengers, express, baggage and
freight. The overhead trolley system with a line pressure
of 600 volts d. c., will be used. At New Westminster the
line will connect with the existing line, also owned by the
company, between New Westminster and Vancouver.

PORTABLE SUBSTATIONS

The power used by this company for the operation of cars
on all of its lines is obtained from a hydro-electric plant
located on the north arm of Burrard Inlet, as earlier described.
Along the new line substations will be located at New West-
minster and Chilliwack and at four other intermediate points.
The substations will be an average distance of 12 miles apart.
They will be equipped with motor generators and air-blast
transformers, which have a factory insulation test guarantee
of 88,000 volts from primary to secondary and to the core.
The incoming high-tension current will be controlled by
45,000-volt hand-operated oil switches. The motor genera-
tors will receive current at 2,300 volts. Two portable sub-
stations are now being built for use in case of emergency.
These portable substations will be equipped with apparatus



Plate XVII

Utah Light & Railway—Welding Track Joints by Thermit Process

Utah Light & Railway—Main Street, Salt Lake City, with and without Center Poles



Plate XVIII

Utah Light & Railway—General View at Front of New Car House, Showing Heating Plant and Elevated Water Tank
for Supplying Sprinkler System

Utah Light & Railway—Interior of New Car House in Salt Lake City, Showing Skylight Arrangement and Lines of Aisle
Sprinklers



Flate XIX

Washington Water Power Company—Dam and Tainterg Washington Water Power Company—Interior of Post
Gates at Post Falls Falls Power Station

¥

Washington Water Power Company—Old Water Power Washington Water Power Company—Boiler House of
Plant in Spokane Steam Relay Station



Plate XX

Washington Water Power Company—Main Repair Shop and Car House



Plate XXI

Washington Water Power Company—Line Car Washington Water Power Company—Car House

Washington Water Power Company—Standard Double- Washington Water Power Company—View of Machine
Truck Car Used in Spokane Shop Looking Toward Repair Bay



Plate XXII

Spokane & Inland Empire—Terminal Station and Loading Tracks at Spokane

Spokane & Inland Empire—Beach at Liberty Lake Spokane & Inland Empire—Liberty Lake Station

Spokane & Inland Empire—Heavy Freight Train on Single-Phase Division



Plate XXIII

Vancouver, B. C.—Interior of Erection Shop Vancouver, B. C.—Interior of Mill at Car Shops



Plate XXIV

Seattle Electric Company—One Corner of Instruction Seattle Electric Company—Division Headquarters, North
Room Seattle



OCTOBER 2, 1909.] ELECTRIC RAILWAY JOURNAL. 531

j—

S EEEREE
J 1] [ | ]

>Removable Panel i Removable Panel

31600 V1

o &
E 2
g L 2
z e e
% 5| Sl S| B swieoma
@ Zy S § Stastd e,
g‘: i E: = 3& Synchroscope

= \7 ¥
\:3 ' ?
i
-3
g"
8 ] /
%! 28 ’
st 8 o
34
&
. a0’
=U
Substation Car
e Clothes
] Cupboard
g =
E 3
%
>
2 Concealed
S Sliding Door
R e e e LT e e ol B e o T T | TR
= ., — = ]
51 )
Siding DooE st _ _
= T T [~
[T~ Cetlingz of
Galv.Iron
Clothes Cuphoard
o
5
2 o
2 =
é &
Fuel Box , (5]
R ’ o
tined inside cAY 8 66 >
with
Y Foldlng Bod Stove
Galv.lron EiCe
Box Ottoman
867 MV
! ! ' [ E"
+ T S
\ ; » Wator Tank II ! H s
O 427z 17 210 U8 Gals. S B -l__. — & “—**’“—'8/0”_—‘1
|
i | : 8
L 18 to Cluter of Coupllug,
2 T (C..RStandard)

Lightning Arrester and Living Car

British Columbia Electric Railway—Plans and Sections of Two-Car Portable Substation



532

similar to that installed in the stationary substations, with the
exception of one three-phase transformer instead of three
single-phase transformers will be used to save space and
weight.

The Brtish Columbia Electric Railway and its subsidiary
corporations operate in conjunction with their electric railway
properties an electric light and power business. As there is a
possibility of securing a great deal of power business through
the territory served by this new railway, and to minimize the
chances of a shutdown, the company is building duplicate pole
lines, on each of which there will be strung wires for a three-
phase transmission line. The poles are set on each side of
the roadbed and are spaced 100 ft. apart. They will be
used to support the span wires for the trolley-wire suspension.

The poles used in the construction of the pole lines are
60 ft. in length and have minimum 16-in. butts and 10-in tops.
The cross-arms used on these poles are 8 ft. x 4 in. x 4 1-2
m. and are bolted to the pole by 1-4-in. x 4-in. lag screws.
The arms are sway-braced by 1-4-in. x | 1-4-in. x 3-ft.
iron braces. To allow for future extensions three cross-arms
for the transmission lines are provided on each pole. These
are spaced 5 fi. apart. As the poles are exceptionally heavy
and the transmission wires are light, it was decided to string
the three-phase lines one above another and only on the track
side of the poles. This arrangement precludes the use of
cquilateral triangular spacing of wires, but permits a wide
spacing of the transmission wires on the short cross-arms. The
arrangement also provides for the future possibility of run-
ning two sets of three-phase wires with short cross-arms on
one set of poles. By this arrangement, an illustration of
which is presented, either of the circuits can be repaired with-
out shutting off the current from the other one. An easy
means 1s provided also for making taps for branch lines. No.
0 stranded aluminum cables are to be used as transmission
wires. These will be supported on triple-petticoat porcelain
insulators tested to withstand 100,000 volts.

When necessary, current for light and power will be
supplied from the railway transmission line, although in nor-
mal operation one of the three-phase lines will be used ex-
clusively for railroad purposes and the other for light and
power purposes. One of the objects of building duplicate
tranmission lines was to have available at all times a supply
of current which would enable the operators to keep the rail-
way running in emergencies.

The track is being built with long-radius curves and a
maximum of 2.7 per cent grades, which, when completed,
will allow the operation of passenger trains at high speeds
and the hauling of freight trains of large tonnage. The terri-
tory served by this line has not yet been fully developed, so
it is not anticipated that the passenger traffic for the next few
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years will be exceedingly heavy, but it is expected that the
freight traffic in lumber and farm products will tax the capacity
of the line. About 20 miles of this new railway will be
completed and ready for operation in December of the present
year, and it is anticipated that construction work on the bal-
ance of the line will be well under way by jan. 1, 1910.
Already it has been announced by the officers of the com-
pany that if traffic warrants the arrangement, three-car trains
will be operated over the first division of the line on a two-
hour schedule. By this arrangement it is thought that ample
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British Columbia Electric Railway—Standard Arrangement
of Poles

provision can be made for handling the freight, which is
awaiting the completion of the first division of the line.

Included in the rolling stock equipment ordered for this
branch are three 50-ton electric locomotives, each of which
will be equipped with four 160-hp 600-volt motors. These
locomotives are to be provided with two trolley poles, which
were thought necessary to give ample contact surface for gath-
ering the requisite amount of current to supply the motor
equipments when operating under load. The locomotives are
to be built by Dick, Kerr & Company, Ltd., of England, and
are to be of sufficient tractive power to haul freight trains made
up of standard M. C. B. freight cars.
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RAILWAYS OF THE PUGET SOUND DISTRICT

RAILWAY SYSTEM OF THE SEATTLE
ELECTRIC COMPANY

EATTLE, the metropolis of the State of Washington, 1s
S built on several long ridges which rise sharply to an ele-
vation of from 250 ft. to 350 fi. above the water
level of Puget Sound, which forms the western boun-
dary of the city. Between these ridges are two lakes, the
shores of which are occupied by fully developed residence
properties. The uneven topography of the city brings about an
unusual amount of riding and calls for especially careful opera-
tion. Because of the natural features of the city’s location and
of the marvelous increase in population served, the railway
system of the Seattle Electric Company presents an interesting
subject for study.
TRACK AND ROADWAY

The Seattle Electric Company has 191 miles of track in the
city and its nearby suburbs. It is interesting to note that on
account of the topography, 70 miles of this track originally
were built on trestles. These trestles were necessary to ad-
just the grades and in some instances were required for tracks
which serve a tide-flat area of about 5 square miles. Other
lines are built along the water front, and in many instances,
are located outside of the shore line at high tide.

The latest type of track construction installed by the Seat-
tle Electric Company was illustrated in the ELECTRIC RAIL-
WAY JoURNAL for Apnl 3, 1909, page 590. The sub-
structure supporting the rails comprises two stringers of con-
crete 16 in. x 10 in. in horizontal and vertical dimensions, tied
together with a 6-in. floor of concrete. A mixture of 1:4:7
of cement, sand and broken stone is used. Rail chairs similar
to those used in Philadelphia, spaced on 5-ft. centers and
entirely buried in this concrete foundation, support the T-ralils,
which are tied with rods spaced on 5-ft. centers. The rails
are fastened to the cast-iron chairs with lugs held on by bolts
on either side of the foot of each rail. In placing brick or
granite pavement a 3:] mixture of sand and cement is used
as a cushion for the paving blocks, which are grouted with a
1:1 mixture.

A large amount of track reconstruction has been made nec-
essary in Seattle by the regrading work which the city has
carried on in the business district during the past year. There
are four regraded districts in which the original surface of the
ground beneath thickly settled residence and business proper-
ty has been lowered in some instances 105 ft. The larger
part of the earth was removed by sluicing with water pumped
from Puget Sound. Large nozzles served to turn the force of
this water againsl the face of the hills. As the dirt was
broken away it mixed with the water and was carried through
sluices either to depressions to be filled in between hills or to
the tide flats south of the commercial center which are being
filled in and will form valuable railroad terminal properties.

The expense of this work to the railway company can be
realized when it is stated that the company must stand the cost,
not only for lowering its tracks and diverting its traffic (ex-
cept on cable lines where the tracks were cribbed and the
schedules maintained), but in some instances for removing a
prism of earth 18 ft. wide and 105 fi. deep.

This regrading work now under way or completed was
subdivided into three districts: Jackson Street regrade, 2500
ft. long, had a maximum cut of 95 fi., and the dirt was

sluiced down the hill to make new land on the tude flats;
Pine Street regrade was 3000 ft. long, and had an average
fill of 20 ft.; Denny Hill regrade included 5000 ft. of track,
which had to be lowered a maximum of 105 ft. Dirt from
this regrade project was sluiced into Puget Sound. During
the regrade work continuous service was maintained on the
cable lines by supporting the track yokes on cribbing. The
Madison Strect cable line was operated on cribbing 30 ft.
high at some points. As the work progressed the track was
lowered or raised on cribbing at night.

The main business streets of Seattle paralleling the water
front formerly had grades as high as 30 per cent, but these
have been cut down to a maximum of 12 per cent. The re-
graded districts included several car-house sites, where it has
been necessary to build new structures and place them on
‘concrete posts, awaiting the completion of the filling-in work.
At the location of the company’s car house, office buildings
and freight terminal, near the center of the commercial dis-
trict, the grade was changed so that the sidewalks are now
at the height of the tops of the car-house doors.

The great increase in the value of the car-house property
brought about by the regrade work made it advantageous for
the company to sell this car house and office property, and
plans have been completed for a new modern office building
to be located not far from the old site. The new building
will be wholly occupied by the Seattle Electric Company, and
its allied interests controlled by Stone & Webster, of Boston.
It will be seven stories high, located on the corner of
Olive Street and Seventh Avenue, and will be fireproof, hav-
ing two floors below ground and dimensions of 60 ft. x 120 ft,
A new freight house also will be built close by this building,
with ground dimensions of 120 ft. x 240 ft. This structure
will serve as a freight collection or distribution center for the
extensive city package freight service carried on by the Seattle
Electric Company.

TRANSPORTATION FEATURES

The Seattle Electric property is operated with four trans-
portation divisions having headquarters at the more important
car houses. The company has four car barns for electric
cars, one for the electric and cable cars and two for cable
cars only. Four hundred and twenty-five scheduled cars are
now operated, 55 of which are cable cars. A year ago 318
cars were sufficient for handling the trafic. This in-
crease of more than 100 regular cars has bcen brought
about partly by the Alaska-Yukon-Pacific exposition, and
more largely by the phenomenal growth of the city.

The shopping and office district of Scattle is about five
blocks wide and a mile long, the main thoroughfares of which
run parallel to Puget Sound. This district is shut in on its
eastern side by a hill, also parallel with the Sound. The
company has trunk lines on the four principal business streets
through this district, and has three cable cross-town lines,
which climb the steep hill separating the business district from
the principal residence portion of the city in the rear. On
account of these topozraphical conditions the traffic on the
street car lines within the business district is especially heavy.
Headways of 27 and 30 seconds are necessary on the more
important lines.

The cross-town cable lines, which serve to carry the people
up the steep grades to transfer points with electric lines, also
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serving a residence district, are known as the Yesler Way,
James Street and Madison Street lines. On the Madison
Street cable line there is a headway of 65 seconds and grades
up to 15 per cent are negotiated. This line is about 2.25
miles long and 32 cars are operated. The cars are 29 ft.
long, seat 44 passengers and are equipped with slipper track
brakes. On an average heavy day these cars handle 28,000
passengers. The cables used in this service cost about $8,000
and last, ordinarily, about six months. During the rush hours
the regular conductor on these cable cars is assisted by a “hill
conductor,”” who rides with the car and helps to collect fares
until the top of the hill leading out of the business district is
reached. The hill conductor uses a portable register and the
regular conductor the permanently installed car register.

The Seattle Electric Company operates a sight-seeing car,
which makes two 26-mile trips daily. The features of most
interest to visitors, which are reached by the sight-seeing trips,
are: Leshi, Madrona and Madison Parks, attractive resorts
originally promoted by the company. These parks are all
located on the shores of Lake Washington and afford scenes
of much natural beauty. The sight-seeing trip also takes the
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He is assisted in the latter duty by the division station masters.

Whenever the traffic charts show that a schedule needs
readjustment the schedule clerks make up the first draft of a
new schedule and the assistant superintendent then confers
with the line inspectors or “traffic aides,” as they are called
in Seattle, regarding changing the number of cars. It is a
part of the work of the traffic aides to observe closely how well
the existing schedules are handling the loads, and to report
frequently to the office with any suggestions that may assist in
the improvement of the service. Whenever a new schedule is
put into effect, the assistant superintendent gets frequent re-
ports from the aides as to how the new schedule is handling
the loads.

Three classes of schedules are now used by the Seattle
Electric Company: Saturday, Sunday and week-day. One
of these schedules, showing the use of rubber stamps for indi-
cating the relief of crews, is reproduced. With the rubber
stamp indicating the time of relief or the time of taking a run,
and the number of the crew interested, there is little oppor-
tunity for a misunderstanding. Two forms of stamps are
used. The stamp indicating the relief time for a crew is
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Seattle Electric Company—Typical Sunday Run Schedule

visitor to Woodland Park, Queen Anne Hill observatory, Ft.
Lawton, Ravenna Park, with its big trees, several amusement
parks and to the Alaska-Yukon-Pacific exposition grounds.

SCHEDULES

The transportation department of the Seattle Electric
Company includes a traffic subdivision in charge of the assistant
superintendent. This division studies traffic conditions and
adjusts the schedules on all lines to suit the traffic, thereby
reducing the car mileage to the lowest consistent figure.
The basis for this schedule-making work is a chart on which
the number of passengers carried on the regular cars and trip-
pers each hour is shown by separate curves. On each chart
a line is drawn to indicate the seating capacity of the cars,
and thus there is available a graphical record indicating at
what time during the day the loads were above or below the
seating capacity, at what time the cars passed the reporting
points and the headway.

These charts are supplemented by a system of reports from
the traffic aides stationed at the more important traffic centers.
If any curve shows an overcrowded or an unfilled condition
of the cars, the assistant superintendent notes the fact and
sends the chart to the schedule clerk, who superintends the
formulating of the operating schedules. The schedule clerk
has two assistants, and he not only carries on the work of
making up the schedules, but also makes up the working lists.

circular in shape, and that indicating to a crew that 1t is time
to take a run from some other crew, is square. Black ink is
used with the round stamp and red ink with the square stamp.
Thus there is a prominent distinction between the two. The
schedule sheets are posted in glass in frames mounted along
the walls of the trainmen’s quarters.

A training school for platform men is maintained at the
general headquarters of the company. On account of the
rapid increase in the number of cars used by the Seattle Elec-
tric Company, its school of instruction has been rather busy
during the past year. During the month of May, 1909, 300
men took the course in this school. The apparatus of the
school consists of three skeleton cars complete in every detail
with working apparatus. Student classes are taken over
the various routes in the city in a school car and given an op-
portunity for practice work and observation under the eye of
instructors. The company furnishes the transportation em-
ployees with commodious quarters in each of the division car
houses, supplies reading material and encourages club activi-
ties.

ROLLING STOCK

The rolling stock equipment of the Seattle Electric Com-
pany includes the 100 combination open and closed side-en-
trance cars, which were described in the ELECTRIC RAILWAY
JouRNAL for April 10, 1909, page 693, and a complement
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of special cars for handling sight-seeing trafic and special
parties. Some of the new cars received during the present
year are operated as trailers in connection with the other new
cars used as motors. The company has received 130 cars of
its standard stype from the St. Louis Car Company during
the year 1909. These cars are equipped with Standard mo-
tor trucks, GE-80 motors and K 28-] control. Thirty of
them have Standard steel wheels, and all have Tomlinson
couplers and National air-brakes. Thz trailer service is
found to be very satisfactory, but is adapted only for lines
with moderate grades.

FREIGHT HANDLING

The Seattle Electric Company has industrial connections
with many plants located about the city, and acts as local
distributor for the freight brought into Seattle by the Puget
Sound Electric Railway from its interurban districts and from
Tacoma and Renton. The street railway company also
makes local deliveries for steam roads and boats operated on
Puget Sound and on’Lake Washington. The principal freight
station of the company is located close to the general office
building in the heart of the city. Other stations are located
at Ballard and at Massachusetts Avenue. The Ballard sta-
tion will be shared jointly by the Seattle Electric Company
and the Seattle-Everett Interurban Railway, which is now
completing a line north from Seattle along the Sound to Ever-
ett. This station is near the docks of the Chicago, Milwaukee
& Puget Sound Railway, on which docks the Seattle Electric
Company has tracks so that it can receive and deliver lumber,
wood and heavy materials. 'The Massachusetts Avenue sta-
tion is located in the steam railroad terminal district and is
used jointly with the Puget Sound Electric Railway.

The freight traffic in Seattle includes the collection of lum-
ber, shingles and wood from the mills and their delivery to
steam railways. About 50 carloads of this freight are
handled daily, for which a switching charge of $5 per car is
received. The company has 19 freight motor cars and 44
miscellaneous freight cars. Part of the motor cars are
equipped with four 50-hp motors and those of later design
have four 75-hp motors with multiple-unit control. The work
of the freight department is under two heads: a freisht agent
who reports to the auditor and who handles rates, bills, solici-
tation work, etc., and a ‘‘freight inspector,”” who reports to
the trainmaster and is in charge of all freight-car movements.

SHOPS

All important car maintenance and construction work is
carried on in a very complete group of concrete shop build-
ings, which was built for the Seattle Electric Company in
1907 by the Stone & Webster Engineering Corporation.
Constructional details of these buildings were presented in the
ELEcTRIC RAILWAY REVIEW for June 22, 1907, page
806. The shops are located at Georgetown, just outside of
the Seattle city limits, and on a large property which is occu-
pied partly by the Georgetown turbo-generating relay station
of the company. The repair shop buildings, all of which are
of solid concrete, include a machine shop, erection shop, paint
shop, blacksmith shop and a combination store house, office
and car house. Views of some of these structures showing
their substantial appearance are presented. In addition to
the group of concrete buildings there is a special track-work
shop building of mill construction. With the exception of
the store house, which has two stories, all of the buildings are
one story high. All have concrete roofs with ribbed glass
skylights.

The erection shop, 98 ft. x 180 ft., has four tracks lead-
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ing from the transfer table and a complete equipment of wood-
working tools. A mezzanine floor over a portion of the
machine tool floor is used for wood storage. The paint shop,
100 ft. x 192 ft., which is across the transfer table from the
erection shop, has 10 tracks. The building is subdivided
across one end, forming a room in which the paint and var-
nish supplies are kept. Adjustable scaffolds are provided be-
tween the pairs of tracks in the paint shop and the floors are
sloped to provide rapid drainage of wash water.

The machine shop is 160 ft. x 180 ft. in floor dimen-
sions, and one corner of this building is set off as an armature
room, 80 ft. x 64 ft. Seven tracks lead from the transfer
table into the machine shop, one of which passes on through
the building and into the blacksmith shop, 80 ft. x 32 ft.,
located at the rear. As cars are received in the machine shop
from the transfer table, the bodies are lifted clear of the
trucks by screw hoists, so that if desirable the separate parts
of the car may be moved to the different shops. Within the
machine shop, which has a complement of modern tools, is
located the office for the shop foreman, a tool room under
lock and key and a drafting-room for the machine shop
draftsman.

The armature shop does all the winding for the lighting and
power department as well as for the railway department of
the Seattle Electric Company. This shop is provided with I-
beam hoist tracks extending over the larger tools. The heavy
parts are lifted by a Sprague electric hoist supported from this
cverhead track which extends outside of the building and
above the siding close to the door, so that the electric hoist
may be used in unloading supplies from freight cars. The
equipment of the armature shop includes a home-made com-
mutator grooving machine, a home-made pinion puller and an
armature oven, which has been built of sheet steel and asbestos.
This oven is large enough so that a man can walk inside. It
is heated by steam in winter and electricity in summer.

In winding railway motor field coils it is the practice to
use Deltabeston wire and apply an insulation mixture of black
Stirling insulating varnish and powdered mica. The coils
are then baked for about 18 hours at 170 deg. F. The out-
side of the coil is protected from abrasion by asbestos tape and
the completed coil is dipped in Mica Insulator Company’s
paint. The results from this winding practice are said to have
been very satisfactory.

It is necessary to do a comparatively large amount of
foundry and blacksmith work in these shops on account of the
long distance from the more important sources of supply for
such material. For this reason the blacksmith shop has a
rather complete equipment of tools for car repair work and
special track-work construction. The air-supply plant for the
shops is located in a room in one corner of the blacksmith
shop. This includes two Chicago Pneumatic Tool Company
motor-driven compressors and a National Brake & Electric
Company three-cylinder 225-ft. compressor direct-driven by a
40-hp Westinghouse induction motor. Qil-burning furnaces
are used for melting babbitt.

The special track-work shop is a three-story frame building
with no side walls for the first floor. This type of construc-
tion affords a large open space protected from rain in which
long rails can be turned. The second floor of the shop is
reserved for laying out curves and intersections. The third
floor 1s a loft for the storage of templets. The templets which
are used are built up of two flat wrought-iron pipes bent side-
wise to the desired curves and bolted together by cross pieces,
thus affording a rigid templet, which may be handled rather
roughly without damage. The company builds its own hard-
center special work as well as lighter special track work. All
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machine and assembly work is done at these shops. Man-
ganese steel centers are inserted in cast-iron frog blocks and
held in place by bolts and babbitt. The special work yard
is served by a large gin-pole crane and under the track shop
building are a heavy bulldozer and portable forges.

The car house, office and store house sections of the shop
group form a single structure 432 ft. long and 100 ft. wide,
divided in the center by a concrete partition. The store-
house section, 320 fi. x 50 ft., has two floors. The second
floor is used for storing original packages and surplus stock.
The estimated load capacity for this floor is 250 Ib. per
square foot. A switch track connecting with the Northern
Pacific Railway facilitates the unloading of supplies directly
at the door of the store house. Then they are trucked over
scales onto an elevator, which carries them to the second floor.
The car-house portion is 240 ft. x 50 ft. in ground dimen-
sions and has four storage tracks. One end of the building
is provided with open pits for inspection, another section with
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concrete beam supporied in the center, each half spanning six
tracks. The halves of the beam in turn are supported by the
ends of the concrete cantilevers resting on columns 16 ft. back
of the face line of the building. This construction feature
provided car clearance so that the building could be set com-
paratively close to the street. The designs of the reinforced
concrete columns, roof slabs, girders and the cantilevers which
support the front of the building are presented on page 539.

POWER GENERATION AND DISTRIBUTION

The chief source of power for the Seattle Electric Com-
pany is the Electron plant of the Puget Sound Power Com-
pany, the stock of which is controlled by the Seattle Electric
Company. The Puget Sound Electric Railway and the Ta-
coma city lines also are supplied from this plant. The power
is transmitted 45 miles to Seattle at 60,000 volts. During
the maximum load period the Electron plant supplies power
to Seattle at the rate of about 12,000 kw, for distribution
and use by the Seattle Electric
Company. In addition to the

power received over the trans-

mission line from the Electron

plant, power also is received at
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Seattle Electric Company—Plan of Shops

a plank floor and another with a concrete floor for car wash-
ing. Just through the wall from the car house is a part of
the building used as the division headquarters. This section
has a width of 50 ft. and an average length of 75 ft. Itis
fitted with tables, benches, lockers and toilet facilities. Rooms
are provided for the storage of stationery and an office also is
set off for the starter.

CONCRETE CAR-HOUSE CONSTRUCTION

The North Seattle car house is typical of the reinforced
concrete structures which the Seattle Electric Company is
erecting at its several division headquarters. A floor plan of
this car house was presented in the ELECTRIC RAILWAY
JournNaL for Oct. 31, 1908, page 1275. The building is
190 ft. 2 in. wide by 191 ft. 8 in. long, and is supported on
a series of concrete piers 20 ft. high. The elevated position
of the floor was made necessary because of the proposed re-
grade at this location. The building encloses 12 tracks built
with open pits. This inspection and storage trackage is sub-
divided into two bays by a longitudinal wall of reinforced
concrete. Along one side of the car storage portion is a very
complete suite of offices and rooms for trainmen. The car
house has a capacity for 60 cars and storage tracks are laid
within the yard for 140 cars.

The front of this car house is made up of a continuous

Post Street in Seattle and in Georgetown, a suburb of Seattle.
The respective amounts of power supplied from these various
sources are indicated by the daily load diagram on page 539,
which also shows the proportionate amounts of railway, light-
ing and power load.

Power brought into the city over the high-tension trans-
mission lines is received at the Massachusetts Avenue sub-
station. Here it is transformed by 6000-kw capacity of trans-
formers into 13,200-volt 3-phase current for railway motor-
generators and by 4000 kw of transformer capacity into
2300-volt 2-phase current for lighting and power use. The
13,200-volt distribution to the company’s seven substations
is made on bare wire lines carried throughout the city on
the tops of the lighting distribution poles. A map on page
534 shows the location of the trolley wires and feeders, the
locations of the substations and the Post Street and George-
town generating stations. The transmission circuits and their
switching arrangements and types of converting units also are
shown by an engraving on page 538.

The following table presents the types and capacities of
units in the several substations now operated:

MASSACHUSETTS AVENUE SUBSTATION

Two 2000-kw G.E. step-down 1ransformers, 50,000 volts to 2200 volis for
tie-line system, local lighting and 1wo-phase power.
Three 2000-kw G.L. siep-down 1ransformers 50,000 volts 10 13,800 volis

for le-line system.
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JAMES STREET SUBSTATION

Three 500-kw and one 1000-kw G.E. synchronous motor-generator sets,
13,200 volts three-phase to 600 volts d.c.

Four 1000-kw G.E. transformers Scott connected in two banks, 13,200
volts three-phase to 2200 volts two-phase, used for local a.c. lighting and
transmission to Post Street over 2200-volt tie-line. - -

Three 150-kw 600-volt Edison bipolar generators used
James Street cable. .

FREMONT SUBSTATION

as motors to drive
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Two 500-kw G.E. transformers 13,200 volts three-phase to 2200 vo
two-phase for lighting and two-phase power.

One 30-kw G.E. 6.6-amp tub transformers for street lighting.

Two 100-kw G.E. transformers 13,200 volts three-phase, 2200 volts two-

phase; used for station lighting and power.
The large power station at Georgetown is housed in a
concrete structure which, together with the installation, was

oaTe Wed, June 80,1905
THE SEATTLE ELECTRIC CO. Fair

One 1000-kw and one 500-kw G.E. synchronous motor- 21000 ; :
generator set, 13,200 volts three-phase to 600 volts d.c. Max.|Rpadip |
One 300-kw G.E. synchronous motor-generator set, 2300 pp001 1 [TPta1]Ipat] 20200 K. |
volts two-phase to 600 volts d.c. © . 550|Vo.| | 18240 K
One 300-kw G.E. induction motor-generator set, 2200 20|V 0. 2603 Kw. N
volts two-phase to 600 volts d.c. g ACTT | [3P28 Kw. INY
Two 1000-kw G.E. transformers Scott connected, 13,800 ALQH T, | (1536 Ky
volts three-phase to 2200 volts two-phase; for railway motor- 18000 AL B0 K N %
generator sets, two-phase power and a.c. lighting. : - N / \
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WEST SEATTLE SUBSTATION s //I/\f~ SN AL b
Two 300-kw G.E. induction motor-generator sets, 2200 ZJ/ 550] Vio /] —1
volts two-phase to 600 volts d.c. \ [y Ry, L] 5
Two 500-kw G.E. transformers Scott connected, 13,800 % \ /
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6000
ALASKA-YUKON-PACIFIC SUBSTATION \ / [/
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Two 1000-kw G.E. synchronous motor-generator sets,
13,200 volts three-phase to 600 volts d.c.
Three 1000-kw G.E. transformers, 13,200 volts to 2200 volts.
Below is listed the power apparatus in each of the steam
power generating stations:

NEW POST STREET GENERATING STATION

Two 1600-kw Westinghouse 2200-volt two-phase engine-driven alternators

Five 500-kw Westinghouse 500-volt—2200-volt rotary converters for rail-
way service.

l'!ive 500-kw Westinghouse 250-volt three-wire 2200-volt two-phase rotary
converters for Edison Lighting service.
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Seattle Electric Company—Dimensions of Reinforced

Concrete Substation Structure

One 1360-kw 250-volt storage battery on Edison lighting service.
One 35-kw battery booster.

GEORGETOWN GENERATING STATION
One 8000-kw and one 3000-kw 13,800-volt three-phase Curtis vertical

steam turbo-generators.
Two 500-kw G.E. synchronous motor-generator sets 13,300 volts, three-
phase to 600 volts d.c.

" Seattle Electric Company—Daily Load Diagr';ni‘,v Showing Relative

Amount of Power from Each Plant

designed and erected by the Stone & Webster Engineering
Corporation. The structure rests on a concrete monolith sup-
ported on piles set on 24-in. centers under the engine room and
in rows of six under the boiler-house walls. The general di-
mentions of the building are: Engine room, 64 ft. 3 in. x
79 ft.; boiler house, 73 ft. x 151 ft. A floor plan of this
station showing the arrangement of the turbine room and the
boiler house with the firing aisle at right angles to the divid-
ing wall was presented in the ELECTRIC RAILWAY JOURNAL
for March 27, 1909, page 538. The areas per kilowatt of
station capacity are, 0.43 sq. ft. for the engine room and
1.01 sq. ft. for the boiler room.

NORTH SEATTLE SUBSTATION

The North Seattle substation, a brief description of which
was presented in the ELECTRIC RAILWAY JOURNAL for
Oct. 31, 1908, represents the latest type of the Seattle Elec-
tric Company’s installations. The main parts of the equip-
ment of this station have been given in a precedirg table.
The building is a reinforced concrete structure, 61 ft. 2 in.
x 72 ft. 1 1-2 in. in over-all dimensions, with a machinery
room 32 ft. wide by 70 ft. long and 18 ft. 9 in. high to the
lower side of the concrete roof beams. Crane girders are
placed 17 ft. above the machinery room floor.

The machinery room floor, which is made up .of 12-in. re-
inforced concrete floor slabs, was designed for 800-lb. live
load plus 50,000 Ib. concentrated load on the main 18-in. x
36-in. girders, which are spaced 14 ft. 1 1-2 in. between
centers. The roof slab is 5 in. thick and is supported by con-
crete girders with 32-ft. span. The side walls are 6 in. thick.

As the construction of the Seattle-Everctt Interurban line
progresses the new substation at Ballard will be completed
and another station will be built at Everett in which a 400-kw
railway unit will be installed. These stations at Ballard and
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Everett will supply the ends of the interurban line and a
motor-generator substation at Hall’s Lake, about halfway be-
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Seattle Electric Company—Wiring Diagram of North
Seattle Substation

tween the two cities, will feed the middle section of the caten-
ary supported trolley now being erected.

o+ CHe0.
©

TRAFFIC AND TRANSPORTATION FEA-
TURES OF THE PUGET SOUND
ELECTRIC RAILWAY

THE Puget Sound Electnc Railway connects Ta-

coma and Seattle, the two largest and most im-
portant cities of the fast-growing and attractive
Puget Sound district.  Both termini are seaports
which are favored with exceptional harbor facilities. The
route of the interurban line between Tacoma and Seattle fol-
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574 ft. or more, so that fast running time can be made. The
track is of standard construction, with 70-lb. running rails
and a 100-1b. third-rail. The road was frst opened for
service on Oct. 5, 1902,

The Puget Sound Electric Railway controls the Tacoma
Railway & Power Company, and both properties are man-
aged by one organization, which is a part of the Stone &
Webster Management Association. W. S. Dimmock, man-
ager of the Tacoma Railway & Power Company and the
Puget Sound Electric Railway, has had charge of the
operation of these properties since the interurban line was
built, and under his guidance the amount of traffic handled
has shown a great increase. During the summer season this
year the passenger traffic of the Puget Sound Electric Rail-
way has been considerably augmented by tourists visiting the
Alaska-Yukon-Pacific Exposition at Seattle. On account
of the excellent transportation facilities between Seattle and
Tacoma, Tacoma has shared largely in entertaining Seattle’s
visitors.

SERVICE

The operation of the passenger and freight trains is con-
ducted with about the same methods as those used by single-
track steam railways. The standard code of rules of the
American Railway Association is used and is followed very
closely. The passenger service over the main line between
Secattle and Tacoma includes a three-car train each way
every hour from 6 a. m. till 11 p. m. The running time of
these trains is 1 hour and 30 minutes, which includes the
time required to traverse 1.64 miles of slow-speed track in
Seattle and 2.36 miles of track in Tacoma. Two limiteds
are operated each way each day, one in the morning and one
at night. The running time of the limiteds is | hour and 15
minutes. Between Seattle and Renton two-car trains are
run hourly in each direction. These trains operate for 11.5

miles south of Seattle over the

: main line and for 2.2 miles over

AT the Renton branch. On account
of the heavy traffic between Seat-

tle and Tacoma during the morn-
ing and at night it is necessary to
dispatch extra passenger trains
until the service is equivalent to
three-car trains running on 20-
minute headway for two hours in
the morning and three hours in
the evening.
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The rolling stock equipment
used in this service is luxurious
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Typical Footing

lows a very productive river valley, except near the Tacoma

end, where distance is saved by cutting through a range of

hills. The length of the line from terminal to terminal is

36.5 miles and measured as single track, the total length is

52 miles.

The equipment of this road, which is operated by third
rail, is of the heavy interurban type for passenger service
with M.C.B. standard steam cars for freight service, the
freight trains being handled by electric locomotives. Eighty-
four per cent of the track between Tacoma and Seattle is
tangent, and 75 per cent of the curvature has a radius of

Seattle Electric Company—Concrete Cantilever Design for
Car House Front

AU and was designed especially for

train operation. An illustration
on Plate XXX shows the hand-
some appearance of a three-car
train standing at the Tacoma sta-
tion. These trains are made up
of a combination baggage and
smoker motor car, a passenger motor car and a parlor obser-
vation car on which an extra fare of 25 cents per passenger
is charged. The observation end of this car in summer is
guarded by an ornamental brass grille, which is replaced in
winter by a curved glass end. Thus the observation end
space may be fully occupied during both seasons. Ohmer
fare registers are used on all passenger cars.

Electric Ry. Journal,

POWER SUPPLY

Power for the operation of the interurban lines and the
city lines in Tacoma is obtained over a transmission system
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from Electron, Wash., where it is hydraulically generated
in the water-power plant of the Puget Sound Power Com-
pany, also controlled by Stone & Webster. From the power
house two parallel transmission lines extend for a distance of
22 miles to Bluffs, a station on the interurban line 9 miles
from Tacoma and 25 miles from Seattle, where the transmis-
sion lines divide and follow the interurban right-of-way to
the terminal cities. A duplicate transmission line parallels
the railway throughout its length. Current at 60,000 volts
is transformed and converted for railway use in three substa-
tions, located respectively at Milton, Kent and Georgetown.
An additional substation is now nearly completed at Puyal-
lup on the Orting suburban line, which extends southeast
from Tacoma for a distance of about 20 miles. Motor-gener-

Puget Sound Electric Railway—Map of Lines

ator sets are used in the substations for converting current,
and at each substation a storage battery of 288 type-G
chloride accumulator cells has been installed.

SELECTION OF TRAINMEN

It i1s not the general practice to use street railway train-
men in the service of the Puget Sound Electric Railway,
either from this company’s ot other city lines. An ample
number of applicants to fill all vacancies is available, so that
a high-grade personnel is maintained, notwithstanding the
rigid requirement that applicants for interurban train service
must have had previous experience on either steam or elec-
tric roads operating under the standard code of rules of the
American Railway Association.

After a new man has been examined by the superin-
tcndent as lo his references, antecedents, previous service,
etc., he is put into the railway company’s shops for five days

ELECTRIC RAILWAY JOURNAL.
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if he has not had previous experience in operating an electric
car. In the shops he becomes generally familiar with the
important parts of a car and its equipment. When this pre-
liminary schooling in the shops is finished the new man rides
for 100 hours’ time on the platform with an instructing
motorman, and then returns to the shop, where the master
mechanic examines him on the principal features of oper-
ation and emergency work. During the course of his pre-
liminary instruction the new trainman must pass a physical
cxamination at the hands of the company’s surgeons, and
his watch also must pass inspection. The examination pe-
riod concludes with an oral examination by the superintendent
on train operation, train rules and the duties of employees.
Separate examinations are given for motormen, conductors
and flagmen.

The photographic system of identification was instituted
by the operating department about two years ago, and it is
said that no friction occurred at the time because portraits
were not requested from the men then in service. When an
applicant is being investigated the company requires that he
furnish six portraits 2 1/2 in. by 1 5/8 in. in size, which
are made by the company photographer at a charge of 25
cents. One of these portraits is attached to the application
and filed with the psrmanent records of the office. Other
portraits are sent out attached to the reference blanks.
During two years’ use of photographs for identification not
less than 50 men have been detected using assumed names
who would have been undesirable employees. A copy of
the reference blank used in investigating the past history of
applicants for employment is reproduced on page 542.

DISPATCHING

For train movements not provided by time-table, train or-
ders are issued by the authority and over the signature of the
superintendent. Train orders are written on the standard
No. 19 and No. 31X forms and are transmitted by telegraph
from the office of the chief dispatcher in the terminal station
at Tacoma. All freight trains are run as extras. Passing
sidings have been put in at an average distance apart of 1 1/2
miles, and telegraph operators are on duty at eight stations,
which are also passing points between Seattle and Tacoma.
In regular operation on a normal day the dispatcher’s office
issues about 100 train orders besides keeping the regular
train sheet which exhibits the time progress of each train,
regular and extra, the train number, motor and other car
numbers and the names of the crew. The number of pas-
sengers carried and the causes of all delays longer than five
minutes are reported by the conductors and are recorded by
the dispatcher under the head of *"remarks” below the record
of running time on the train sheet.

Formerly the dispatcher’s train record was kept on a
single sheet, which covered the entire record for the day.
On account of the large number of trains operated (122
regularly scheduled and many extras) these sheets were
about 9 ft. long, and therefore were inconvenient to handle
on the dispatcher’s desk. To serve their purpose with less
inconvenience to the dispatcher and with greater rehiability a
scheme has been adopted for using a single progress card for
cach train. One of these cards is reproduced on page 543,
and an engraving on [Plate XX XI shows the method of
mounting the cards on the dispatcher’s desk. With this ar-
rangement the general scheme of cntering the records of the
trains as they are reported along the route is identical with that
ordinarily followed by steam roads, but there is the additional
featurc that as soon as a train has completed its run the section
of the train sheet for that train may be removed from its pocket
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on the dispatcher’s desk and a new card inserted for the next
train leaving. The dispatcher has before him the time-
progress record of only those trains which are operating, and
therefore he is neither confused nor, as formerly, hindered

OFFICE OF
PUGET SOUND ELECTRIC RAILWAY
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course, is in complete charge of the operation of all trains.

The station agents who report to the traffic agent are,
with a few exceptions, telegraph operators who handle the
train orders for the transportation department. As these op-
erators have been recruited largely from steam railroad serv-:
ice they are well trained in handling the very complete steam
railroad system of freight accounting forms used.

The local agent at Tacoma is also joint agent for the
Tacoma Railway & Power Company. He has an office
assistant and four warehouse men. The agent at Seattle has
two clerks and four warehouse men. At other stations the
agents have no assistants. The Seattle and Tacoma ticket
offices, both located in the business districts of their respec-
tive cities, are open from 6 a. m. to | a. m., and the ticket
selling is in charge of two agents at each station.

The accompanying table shows the large amount of equip-
ment required for handling the extensive freight traffic over
the interurban and the Tacoma city and suburban lines.

Freight equipment of Puget Sound Electric Railway:

2 express motor cars with four GE-66 motors.
3 open-cab motor cars with four GE-66 motors.
35 M.C.B. 50-000-Ib. capacity 34-ft. box cars.
25 80.000-1b. capacity hopper cars.
14 60,000-1b. capacity gondola cars.
100 50,000-Ib. capacity 36-ft. and 41-ft. flat cars.
Freight equipment of Tacoma Railway & Power Com-
pany:
2 express motors each with four GE-67 motors.
1 express motor wilh four GE-90 motors.
2 open-cab motors equipped with GE-67 and GE-57 motors.
2 open-cab molors equipped with four GE-90 motors.
5 box cars.

100 flat cars.

It is customary to operate freight equipment in trains, and
therefore all cars and locomotives are built to M. C. B. speci-
fications and equipped with M. C. B. type couplers.

The remarkable growth of the freight business on the
Puget Sound Electric Railway and the Tacoma Railway &
Power Company’s lines is shown by a comparison of the
total gross earnings from freight traffic, which increased

from about $8,000 per month in 1904 to $18,000 per

in his work by being obliged to enter

FREIGHT EXPENSE BILL

PRO. NO.

train time reports at various scattered
points on a large record sheet.
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One feature of train operation which
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Puget Sound Electric Railway is train
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protection and flagging. When the
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leading train is delayed a fusee 1is

dropped to protect against a following
train. These fusees burn red for five
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minutes and green for five minutes, thus

Received Paymen

19 Total

giving a five-minute stop signal followed

by a caution signal of the same length. e

Advancea

. Total to Collect i

Frequent use of torpedoes is made in
the operation of heavy freight trains,
which are sometimes difficult to handle over heavy grades,
especially if these trains are made up of many cars of logs.

The trafic department of the Puget Sound Electric Rail-
way is headed by a general traffic agent. The station agents
report to the trafic department insofar as the handling of
traffic is concerned. The traffic department is responsible for
the handling of all passenger and freight traffic and claims.
It has charge of advertising and compiles all freight and
passenger tariffs for both the Puget Sound Electric Railway
and the Tacoma Railway & Power Company. The gen-
eral superintendent of the interurban and the city system, of

Puget Sound Electric Railway—Form of Freight Expense Bill

month in 1908. These figures do not include any revenue
for handling company construction or maintenance mate-
rials. The careful handling of freight is evidenced by the
amount of freight claims paid, which do not average more
than 0.25 per cent of the freight earnings.

The freight accounting methods used closely resemble
those of steam roads, except that on the Tacoma city and
suburban lines there are no agents, and the billing is done by
conductors. The accompanying statement showing the cost
of freight operations for the first four months of the year
1909 was made with a view to ascertaining whether or not
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the freight traffic was profitable as compared with the pas- ness and trade which
senger business. This statement is for the Puget Sound are serving to build
Electric Railway only, and it is said that the operating costs up the Puget Sound
on the Tacoma Railway & Power Company lines are even district so rapidly, it Puget Sound Electric Railway—

less for freight, because the latter company has fewer agents may be of interest to ‘Train Card
and does not maintain extensive terminal facilities. summarize the char- (Original 1 3/4 in. x 17 in.)
EUKRACTER OF TEAREIC zctcr of the frelght..the amounts hgndled. and the rates paid
: etween each of the important shipping points on the line.
Inasmuch as the freight traffic of the Puget Sound Elec- At Renton, the terminus of a 2-mile branch which leaves

tric Railway is very closely indicative of the lines of busi- the main line 11.5 miles south of Seattle, the company owns
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and operates a coal mine having an output of from 400 to
500 tons per day. A large glass bottle factory and a brick-
making plant with a capacity of 600 tons of pressed vitrified
brick and tile per day are also located in Renton. In addi-
tion to its weli-filled two-car passenger trains operating hourly
in and out of Renton the company handles part of the prod-
ucts of the coal mine and the manufacturing plants located
there. An average of about 400 tons of coal is distributed
each day to various stations on the line. The rate on coal
for the 28-mile haul between Renton and Tacoma is 55
cents per long ton, in addition to which a local switching
charge of 30 to 50 cents per ton is made in Tacoma. The
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company. The bodies of these cars are large enough to
hang the beef in halves instead of In quarters, as is usually
done. Meat is loaded and unloaded from the warehouses
directly into the cars by means of overhead trolley systems,
which are extended into the car body.

The interurban line operates a milk train, which leaves
Tacoma at 5 a. m., and, after stopping at country loading
platforms, takes an average of about 4000 gal. of milk into
Seattle each morning. A charge averaging about 1 1/2
cents per gallon is made for delivering the milk and return-
ing the cans. In the fall of the year the interurban line
handles from three to five cars of market garden stuff each

STATISTICS OF FREIGHT TRAFFIC, 1909

January February |  March April 4 Months -
o088 CRTAIIEE, 5505 56 x5 s v 3 5§ 5 9000 8 5 506 £ 5360 K § 5 i £5 5989 £ 6 350 6 65 $10,627.03 $10,613.55 | $12,355.35 $12,092.85 $45,688.78
Operating expenses:
Maintenance of Cars.........vuoeeeneiee i, 426.68 770.73 428.35 772.74 2,458.50
Maintenance electric equipment of cars........................ 38.32 30.77 17.65 39.79 126.53
Hired power.......oovoniei 1,175.74 1,052.87 1,034.10 1,172.75 4.435.46
Wages of conductors. ... i 369.68 319.07 349.24 328.87 1,366.85
Wages of motormen ........ooooviiiiiii i 414.04 353.74 386.84 363.92 1,518.54
Wages of other car service employees 1,471.70 1,154.60 1,484.91 1,490.42 5.601.63
Miscellaneous car service expenses. .................. 56.16 2595 17.50 13.60 113.21
Salaries of general officers...............co i 65.00 65.00 65.00 65.00 260.00
Salaries i0f Clerks e v oo o tiene o om ote oiegare s s o e o e w el 115.00 115.00 115.00 115.00 460.00
Printing and stationery...........co.oiviiiiiiiiii i 50.00 50.00 50.00 50.00 200.00
DDaAMAES. o\ vttt e 15.00 15.00 15.00 15.00 60.00
Rent of tracks and terminals...... ... ... ... ... oo 390.80 269.45 269.45 259.85 1,189.75
TISUYATICE, « 5 s s 5 s 55t 50 S5 3 = 30 8 R 32 0801 25 5 000 ¥ 25 (33 % 5 40.00 40.00 40.00 40.00 160.00
T Lioaos o astmnms oo 000 0 0o 867 25660665 KA BHE Gas AN S0 18 $4,628.12 $4,262.38 $4,333.04 | $4,726.94 $17,950.43
Net €arnings. « oo vuun ettt e e $5,998.01 $6,351.17 $8,022.31 ‘ $7,365.91 $27,738.30
Per cent expenses 10 €arnIngs.........ouititiienint i 43.5 40.1 35.1 | 39.1 | 39.03
B g s« s 455 5 & i ¢ 8 5 £ 5 B 5 5913 5 3 64 16,573 15614 | 18817 | 17,412 68.416
Gross earnings per ton, cents 64.12 67.97 | 65.66 69.45 66.78
Expense per ton, cents. .......oooouiiiiii ... 27.93 27.30 23.03 27.15 26.24
Net earnings per ton, Cents........c.uvuniiiiineinaueauneenan.ns 36.19 40.67 4263 | 42.30 40.54
IVILCRGE. .o 35 o 5595 0 0 500 85 555 8 5555 B 85 518 o o Bios 8 o o i 5 - BBt 3 5 555 4 2.5 700 35,396 33,927 40,281 | 39,183 148,787
Gross earnings per mile; Centsussesms s s mwos amm sz smas s vwm o s mmgaas s 30.02 31.28 30.67 | 3086 | 30.71
Expense per mile; Centss sowmmimssenwsssimes s ossmisssimsiseamasss 13.08 12.56 10.76 12.06 12.07
Net earnings per miles centscoee: sz s <o e 2051 556 1 e 02 s ainas s 16.94 18.72 19.91 18.80 18.64
coal is weighed on the scales at the mine before shipment. night. Because the interurban line has direct competition

The rate on coal from Renton to Seattle, 13.5 miles, is 30
cents per ton of 2000 lb., and a local switching charge is
made by the Seattle Electric Company for delivery over its
tracks.

The traffic in brick from January 1 to July 15, 1909,
amounted to 3,000,000 brick, having an average weight of
7 lb. each, carried from Renton to Tacoma. The regular
rate on brick for this distance is 50 cents per ton over the
interurban line, in addition to which the Tacoma Railway &
Power Company makes a switching charge of from 20 cents
to 25 cents per ton for delivery on its tracks in Tacoma.
The rate on brick from Renion to Seattle is 30 cents per
ton, and deliveries are made by the Seattle Electric Com-
pany over its city lines at regular switching charges. The
minimum carload weight of 20 tons is charged for in brick
hauled over the interurban and the Tacoma city lines. The
average carload weight, however, i1s about 56,000 Ib.

The through freight business between Tacoma and Seattle
includes three cars of merchandise and two cars of fresh meat
daily from Seattle to Tacoma and three carloads of manu-
factured products and three carloads of fresh meat daily
from Tacoma to Seattle. About four cars of local merchan-
dise are delivered daily from Seattle to way stations and
about two cars from Tacoma. The meat traffic is handled
in specially built refrigerator cars owned by the packing

with several boats operating between Tacoma and Seattle
a large commodity tariff is published and the traffic depart-
ment maintains an aggressive campaign for new business.
Lumber and timber handling is an important part of the
freight traffic. Sawmills are located along the line at Mil-
ton, Valley City and Ardena. There are two mills at Mil-
ton, one of which is owned by the electric railway interests.
In Tacoma, which is famous for its lumber trade, the railway
company has track connections with all of the important
mills. The Tacoma Railway & Power Company handles
logs, piling and poles from points on its suburban lines to
the sawmills and shingle mills in South Tacoma. This local
traffic includes about six cars of logs, which are brought into
Tacoma each night. A large part of the lumber-mill traffic
along the interurban lines is made up of building lumber and
s]abs, of which from 5 to 10 cars are transferred each night.
There are 19 spurs into wood, coal and industrial plants on
the Tacoma Railway & Power Company lines and 23 on
the Puget Sound Electric Railway. The rate on logs for
a 10-mile haul is $1 per 1000 ft. b.m. with a minimum of
5000 ft. per car. The rates on lumber, lath, posts, piling
and poles range from 2 cents per 100 lb. for 10 miles and
under to 3 1/2 cents per 100 Ib. for 40 miles and under, with
a minimum carload weight of 40,000 Ib. The rate on
wood and slabs, with a minimum carload of 12 cords, varies
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from 60 cents per cord for 10 miles and under to 80 cents switching charges are made for terminal delivery in Tacoma:

per cord for 35 miles and under. Lumber, 50 to 75 cents per 1000 ft. b.m.; minimum, 12,000 ft.

The Tacoma Railway & Power Company operates ex- Gravel, 40 to 50 cents per yd.; minimum of 20 yd. capacity of car.
press and freight cars over its 85 miles of city and suburban Brick, 30 to 35 cents per ton; minimum, 20 tons.

K dch ¢ 1 handice freicht 10 Furniture ,and household gqus. $7 per car.
tracks, and ¢ ?rges c.)r-genera merchan lse. l.'Elg t ) cents Merchandise and commodities, 50 to 60 cents per ton; minimum of
per 100 Ib. with a minimum of 15 cents within the city and 24,000 Ib.
25 cents outside of the city. A freight house 30 ft. wide No freight collections or deliveries are made and the

by 300 ft. long accommodates the freight of both city and charges here given include only transportation over the com-
interurban lines in the city of Tacoma. The following panies’ lines.




THE ELECTRIC RAILWAYS OF OREGON

OPERATING FEATURES OF THE PORT-
LAND RAILWAY, LIGHT & POWER
COMPANY

HE Portland Railway, Light & Power Company
I controls and operates the properties of the Port-
land Railways Company, Oregon Water Power
& Railway Company, Portland General Electric
Company and the Vancouver (Ore.) Light & Power Com-
pany. A map is presented showing the general location of
the district which the interurban lines operated by this company
serve. 1he total mileage of the railway system, which is
made up of city and interurban tracks of 3-ft. 6-in. gage and
standard gage, i1s 226 miles. The rolling stock equipment
includes 497 passenger cars and 160 freight cars. Fares are
collected on some lines according to the pay-as-you-enter plan.
SHOP RECORDS AND METHODS
The rolling stock equipment is maintained in three shops—
one shop with standard gage tracks for freight equipment,
one for passenger equipment and one narrow-gage shop also
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Poruand Railway System--Map of Portland Interurban
Lines

for passenger equipment. A peculiar organization of the shop
forces of this company is brought about by reason of the two
gages of track and the consolidation with the parent company
of several properties, each with its own shops. Besides the
three shops there are five car houses with day and night forces,
all under the jurisdiction of a superintendent of equipment.
Reporting to him are a shop superintendent and a car-house
superintendent. The car houses are located at an average
distance of about 3 miles apart and two of the shops are
located 1.5 and 6 miles distant, respectively, from the third.
The foundry is located about 10 blocks distant from the
largest shop, which is at Twenty-third Street.

A uniform system of shop and maintenance reports is fol-
lowed at all car houses and shops. This systematic scheme
for obtaining permanent records of the work done is of interest
and will be described as used in the Twenty-third Street shop.

The first information in this system of records is presented on
a large blackboard mounted on one wall of the repair shop.
All men engaged in maintenance work make a record under
the proper heading on this board of what they do and these
records are transferred by an office clerk to a daily shop report
blank 25 in. x 18 in. in size, with headings as reproduced in
Fig. 1, page 547. This blank has exactly the same arrange-
ment of rulings and headings as painted on the blackboard.

When an armature or field is taken out of a motor a tag is
attached, as illustrated in Figs. 2 and 3. These tags show
the armature or field number, its location in the motor and the
name of the man who takes it out or puts it in. One tag is
securely attached to the armature or field and remains with
the part during its course through the shop until it is returned
to a motor. The use of these tags assists the electrical repair
man in learning what repairs, other than those found by easy
inspection, are necessary.

Referring again to Fig. 1: After the information contained
on the blackboard has been copied on this blank by the shop
foreman or his assistant, it is sent to the office of the superin-
tendent of shops and the blank so filled out forms the shop
foreman’s report of what his force has done during the day.

A card index for each armature and field is kept in the
office. The headings presented on one side of an armature
card are shown in Fig. 4. One of these cards, 8 in. x 5 in.
in size and ruled on both sides, exhibits the complete record of
one armature or field from the time it was first put in service.
A similar record for smaller parts of the equipment, such as
pinions, gears, etc., is kept in a book with pages ruled similarly
to the armature and field record card.

A car record card of heavy manila paper, 8 1-2 in. x 11
in. in size and ruled on both sides, is kept for each car. This
card i1s shown in Fig. 5. The data showing the repairs or
changes made on the car are taken off from the daily shop
report each day. One of these car record cards lasts about 12
months and affords a very useful means for the head of the
shop to locate weaknesses in any part of the car equipment.
After all the data exhibited on the daily shop report have
been transferred to the car record card the clerk in charge of
the records then fills out a truck record, Fig. 6. This record
blank, 8 1-2 in. x 11 in. in size, is printed on yellow paper.
The reverse of the blank form presents truck data and also
statistics regarding controllers, car wiring, brakeshoes and
trolley. The truck records, when filled out, are sent to the
general office, where their details are entered on a permanent
record kept by the statistical section of the auditing depart-
ment. These statistics present the record of each part of the
equipment under its individual number. The statistical de-
partment makes a monthly report to the president showing -
the performance of the equipment according to mileage. Such
reports are of considerable value for comparative purposes,
and it is stated that the slight additional expense necessary for
obtaining the data is warranted, because when purchases are
made the records show actual results and the personal element
is entirely eliminated from the decision. The statistical work
1¢ carried on by one clerk.

Only light repairs and replacements are made at the car
houses, and so the daily car house report is not so complete as
the daily shop report, although it presents the same general
features of maintenance work. The daily car house reports



Plate XXV

Seattle Electric Company—Denny Hill in 1906, Before
Commencing Regrade

Seattle Electric Company—Difficult Operation of Cable
During the Regrade Work

Seattle Electric Company—Cutting Away Denny Hill
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Rebuilt, 1908
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Seattle Electric Company—Machine Shop Seattle Electric Company—Paint Shop

Seattle Electric Company—Interior of Machine Tool Section of Georgetown Shops

Seattle Electric Company—Erection Shop Seattle Electric Company—Storehouse and Offices



Plate XXVII

Seattle Electric Company—North Seattle Car House, with Wide Entrances and End Wall Supported by Concrete-Steel
Cantilevers Carried on Columns Set Back of Building Line
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Seattle Electric Company—Interior of Fremont Car House, Showing Type of Structure, with Brick Side Walls, Frame
Roof Supports, Plank Floor and Open Pits



Plate XXVIII

Seattle Electric Company—View of Electrical Galleries in Georgetown Steam Relay Station



Plate XXIX

Seattle Electric Company—Track Pit Construction in Seattle Electric Company—Oil Burners at Georgetown
North Seattle Car House Power Station

Seattle Electric Company—Interior of Carpenter Shop at Seattle Electric Company—Falsework Used in Erecting
Georgetown Concrete Substaticn

Seattle Electric Company—Exterior of Georgetown Power Seattle Electric Company—Interior of North Seattle
Station Substation



Plate XXX
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Puget Sound Electric Railway—Interior of Parlor Puget Sound Electric Railway—Interior of Standard
Observation Car Passenger Car

Puget Sound Electric Railway—View Along the Interurban Line Near Tacoma



Plate XXXI

Puget Sound Electric Railway—Dispatcher’s Desk and Oregon Electric Railway—Standard Passenger and Express
Train Cards Train

Puget Sound Electric Railway—Combination Baggage and Smoker Motor Car



Plate XXXII

Portland Railway System—South Portland Substation Portland Railway System—Cazadero Power Station

Portland Railway System—New Freight Station and Office for Oregon Water Power Division
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are printed on two tints of paper to distinguish between re-
ports made by day and night men, and are 13 in. x 11 in. in
size. The information exhibited on the daily car house re-
port is handled in the office of the superintendent of shops
along with that shown on the daily shop report.

The records kept for the foundry include a continuous
inventory of the stock on hand and a record of the castings
made. These reports are summarized at the end of each
month to show the amount of material used and the castings de-
livered. This foundry pours each month an average of about
35 tons of cast iron used in special work, brakeshoes, etc.,
and about four tons of brass used in car fittings, journals, trol-
ley wheels, etc. A continuous record is kept at the shop in the
form of a card index covering the supplies most frequently
used and thus any shortage of material to work with is
avoided. There are 108 men employed in the Twenty-third
Street shop and 10 men in the foundry.

SHOP KINKS

The company manufactures a large part of its own special
track work and is prepared to do this work in a thorough
manner. | he standard crossings made are built up with man-
ganese steel centers purchased from Edgar Allen & Com-
pany and from local dealers. The rail shop casts compro-
mise joints with about 3 ft. of each weight of rail. These
are kept in stock for quick use in connecting old and new track.

In the electrical shop an improvement has been made which
has largely prevented the necessity for frequent rewinding of
fields. The method of winding now followed is to use
Deltabeston wire and paint the layers of the field coils with
a thick mixture of Ajax varnish and whiting. In winding
the field coil a terminal plate with a rigid terminal stud and
two check nuts to hold the connection, is built into the coil.
By the use of this stud and the check nuts the connection can
be broken easily, even though it is badly burned, and thus the
work of drilling out the connection stud, as when a screw-
set terminal is used, is saved. The foreman of the armature
room is made responsible for the repair work on cut-outs, con-
trollers and electrical winding, and thus no friction can arise
on account of lax work in one part of the electrical depart-
ment being charged against another part.

FREIGHT SERVICE

The Oregon water power division of the Portland Rail-
way, Light & Power Company is made up of 85 miles of
interurban line extending south to Oregon City and Canemah
cn the Willamette River, east to Troutdale on the Colum-
bia River, and southeast to Cazadero on the Clackamas River.
This division handles a heavy freight and passenger traffic.
The freight equipment includes 185 flat, box and coal cars
and seven electric locomotives, one of which was described
in the ELECTRIC RAILWAY REVIEW, Dec. 21, 1907, page
959. These seven locomotives include two of all-steel con-
struction, two with steel underframes and sloping type cabs,
and three heavy express motor cars. Two double-truck ca-
booses are used with long freight trains. The freight service
is handled according to steam railroad practice, and in the ac-
counting work and the filing of tariffs all the requirements of
the Interstate Commerce Commission are followed.

The headquarters of the Oregon water power division are
located in a large new freight house, which is situated on the
Columbia River. The freight house loading tracks have a
capacity for 20 cars. A large number of yard tracks nearby
provide for the economical storage of cars and for the switch-
ing of trains.

The freight house is 50 ft. x 200 ft. in size, with an
office extension 50 ft. x 48 ft. in size. It is built of heavy
timbers covered with corrugated iron. On each side of the
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entire length of the freight house is a row of Wilson rolling
steel doors which afford an entrance opposite any car that
may be standing on the track. A socket for portable exten-
sion lamps which can be used in any car is provided at each
door post. The floor of the freight house is made up of 2
in. x 5 in. planks set on edge so that the heaviest loads do
not cause sagging. The interior is illuminated with Nernst
lamps. Along the river front, at the end of the freight house,
the railway company owns a dock 1,000 ft. long, where lum-
ber and other heavy materials can be loaded directly for river
or ocean shipment. River boats which carry building stone,
paving blocks and other heavy materials are unloaded at this
dock and the freight transferred directly to cars for delivery
on the interurban divisions.

Practically all of the Portland freight business is handled
through this freight house, an illustration of which is pre-
sented on Plate XXXII. The daily merchandise traffic from
this point includes about eight cars of local merchandise des-
tined for peints along the Cregon’ water power division, two
cars of inbound local merchandise, and from 25 to 30 tons of
express. he total tonnage in an average month through the
Portland freight house in less than carload lots amounts to
3,000,000 Ib. On account of the care taken in the de-
sign of the loading platforms and the door arrangements of
the freight house, freight can be handled from trucks on one
side into cars on the other side, or vice versa, at an average
cost of 20 cents per ton. The drop-truck system of freight
handling, in which the merchandise is not lowered to the floor
of the house but is stored temporarily on trucks until the out-
going cars are ready for loading, is used to bring about this
low cost for freight handling through the terminal station.

In addition to the merchandise and express freight handled
daily, a local freight train is operated daily except Sunday.
This train is loaded at night at Portland and deliveries are
made at the farthest point, 36 miles away, about 11 o’clock
in the morning. The package freight, milk express and mis-
cellaneous traffic is handled by two trains each way daily,
and this traffic brings a higher return than that carried on the
local freight train. The rates for package freight are the
same as those charged by competitive express companies. The
milk business amounts to 15,000 gal. per day, for which a
charge of from 10 to 15 cents a can is made according to
the distance hauled.

The yearly business in and out of Portland which passes
through the Portland freight house amounts to 18,000 car-
loads, and even this large amount does not include 1. ¢c. 1., or
so-called express freight. The local and through freight
trains, which are hauled by locomotives, seldom make up
with less than 25 cars. The locomotives handling such
trains each weigh 40 tons, and are of the slanting cab type
with steel bodies. They are equipped with four GE-55
motors and type M control. At one point on the line there
is a summit with a 2 per cent grade on either side. An extra
locomotive is kept at this point without a crew, so that when
a train approaches the heavy grade the extra locomotive may
be coupled to the train locomotive and the heavy load drawn
over the summit with the two locomotives operating through
the medium of the multiple-unit control.

On one division, 26 miles long, there are 31 sidings averag-
ing from 400 ft. to 1400 ft. in length, and as there is so
much switching to be done five men are required for a freight-
train crew. This crew is made up of a motorman, a trolley-
man, a conductor and two flagmen. The trains are operated
under the standard code of rules of the American Railway
Association, and to conform strictly to these rules the two
flagmen are required for protection during the switching.
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The Oregon Water Power line interchanges freight with
the Southern Pacific at East Portland and with the Oregon
Railroad & Navigation Company at Fairview. This inter-
change is required by the State and Interstate Commerce com-
missions, and the electric lines get a local rate on all through
business.

INTERURBAN PASSENGER SERVICE

The passenger service on the Oregon Water Power line
includes a train every hour to Gresham, located about mid-
way between Portland and the terminus at Cazadero. Every
other one of these trains operates through io Cazadero so
that there is an hourly service on the more heavily traveled
portion of the line, and a train every two hours on the ex-
treme end. As regularly made up these trains comprise a
motor car and a trailer car. Frequently trains of four cars
are operated on the regular schedule. On Sundays an hously
service is given to Cazadero because of the special travel to
the resorts on the Clackamas River.

The Oregon City division of the Oregon Water Power
lines operates for 4 miles over the same tracks as the Spring-
water-Cazadero division. This line is 15 miles long, and a
half-hourly service with motor cars and single trailers is
given between Oregon City and Portland. On one division
between East Portland and Lents Junction, which traverses
a thickly populated suburban territory, a 10-minute service is
given with two-car multiple-unit trains. These cars are
equipped with four GE-81 motors and type M control, and
the operation of trains is protected with United States auto-
matic block signals.

CAZADERO POWER STATION

The rapid growth of passenger and freight traffic on the
city and interurban lines of the Portland Railway, Light &
Power Company has necessitated an increase in the com-
pany’s power supply. The principal generating station of
this company, located at Cazadero on the Clackamas River,
37 miles from Portland, was described in the STREET RAIL-
WAY JoURNAL for May 18, 1907, page 868. This plant
is equipped with three 42-in. Victor turbine wheels of the
Francis type, direct-connected to three 2500-kw, 11,000-
volt, Allis-Chalmers water-wheel type generators. The ul-
timate capacity of the plant is 25,000 hp. About a mile
above the power plant is a dam across the Clackamas River,
130 ft. wide at the base, which diverts a portion of the
water into a flume 2622 ft. long leading to a reservoir on
the hillside above the plant. This reservoir covers 50 acres
when filled to an average depth of 20 ft., and has a storage
capacity of 326,480,000 gal., affording a sufficient supply
of water to run the wheels of the power plant for six hours
after the gates at the dam have been closed.

POWER IMPROVEMENTS

In addition to this plant the company’s operating engineers,
and Sellers & Rippey, of Philadelphia, consulting engineers,
are making investigations and planning the construction of a
25,000 kw or 30,000 kw capacity water-power develop-
ment to be built 3 miles above the present Cazadero dam.
The interurban line will be extended to facilitate the handling
of materials at the new water-power development. It is
planned to dam the Clackamas River to a height of 135 ft.,
which will fill the gorge for a distance of 6 miles. The dam
will have a crest 650 ft. long. At the present time test drills
are at work to determine the geological formation below the
bottom of the gorge, and it is thought that work on the bed
of the dam can be started in the fall of 1910. Power from
this development will be delivered to Portland over high-ten-
sion transmission lines.
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The water-power plant at Oregon City is now equipped
with a 450-kw, 33-cycle, 10,000-volt generator, direct-con-
nected to a 42-in. Victor vertical turbine, and there is an ad-
ditional 60-in. Victor wheel which may be belted to this
generating set. It is planned to install an additional 500-kw
railway generator to be driven direct by the 60-in. wheel so
that the two machines can be operated independently by
the wheels or can be coupled together and disconnected from
the wheels for operation as a motor-generator set.

The transmission lines, of which there are three between
Cazadero and Portland, are operated at 30,000 volts poten-
tial. Between Portland and Oregon City there are also three
lines operating at 10,000 volts, two of which are on the west
side of the Willamette River, and the third on the east side
parallel with the railway. From Oregon City current is
transmitted at 33,000 volts to feed the substations of the
Oregon Electric Railway which operates high-speed inter-
urban lines extending 50 miles south and 22 miles west from
Portland. These transmission systems are interconnected
through transformers and are fed by steam power plants at
Portland and the water-power plants mentioned.

SOUTH PORTLAND SUBSTATION

A large fireproof substation has just been completed at
the intersection of First and Jefferson streets in the business
district of Portland. The structure has a reinforced concrete
frame designed and built according to the Kahn system. The
concrete is filled in with brick panels enclosing the large win-
dow frames. The roof is supported by concrete trusses of 50-
ft. span, and concrete girders carry a 20-ton capacity single-
motor Niles-Bement-Pond crane serving the entire machinery
and transformer floor. At one corner of the machine floor
there is an opening 13 ft. x |2 ft. in size, through to the
street level so that the crane can be used to unload machinery
from wagons.

The South Portland substation serves as a distributing center
for both railway and lighting current. Its main equipment
comprises two 1000-kw, 33-cycle, 60-cycle frequency-chang-
ing sets, each made up of one 10,000-volt, 33-cycle motor and
one 2300-volt, 60-cycle generator, and two 1000-kw General
Electric rotary converters. The lighting equipment includes
10 tub transformers which furnish constant current for cir-
cuits of 4-amp magnetite arc lamps operating through a large
installation of mercury arc rectifiers.  All high and low-ten-
sion lines in and out of the building are carried in under-
ground conduit. There are duplicate 10,000-volt buses for
the incoming feeding current, and duplicate 2300-volt buses
for lighting distribution.

NEW OFFICE BUILDING AND SUBSTATION

A new substation and office building for the accommodation
of the operating organization of the Portland Railway, Light
& Power Company is now nearing completion.  This building
is located at the corner of Seventh and Alder streets, and is
mine stories high with a basement. The overall dimensions
of the building are 100 ft. x 100 ft. A portion of the
basement and first floor, 60 ft. x 100 ft. in size, is used
as a railway and lighting substation. The load of the seven
stories and the roof above the substation operating room is
carried on steel trusses 11 ft. deep with a 60-ft. span. A
part of the basement will be used as a storage battery room.
That portion of the street floor not occupied by the substation
will be subdivided into a general office for the lighting de-
partment, and the various other floors will be subdivided ac-
cording to the needs of the executive and operating depart-
ments.
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TRANSPORTATION FEATURES OF THE
OREGON ELECTRIC RAILWAY

Railway was opened for traffic between Portland

and Salem, Ore., 50 miles. Since that time an

additional branch from Portland, 22 miles west
to Forest Grove, has been put into service.  This new
72-mile d. c. railway has a substantially built roadbed
and a catenary-supported trolley. Multiple-unit trains are
operated on frequent headway at high speeds, and the first
year of operation has been remarkably successful, not only
from a traffic standpoint but because of the clear record of
the transportation department. Since the first public train
was run in February, 1908, until August of the present year
not a single passenger had been injured.

Strict adherence to the standard code of rules of the
American Railway Association is the reason given for this
clear record. Special care also is taken in the selection of
men, and for these reasons it may be of interest to review some
of the features of the transportation department of this road.

The operating organization of the Oregon Electric Rail-
way is headed by Guy W. Talbot, general manager, to whom
report George F. Nevins, the traffic manager and auditor, and
C. A. Coolidge, superintendent. The master mechanic, road
master and electrical engineer report to the superintendent, with
the exception that the electrical engineer reports to the gen-
eral manager on questions of policy. It will be noted that
this organization scheme closely approximates that used by
sleam railways.

SELECTION OF TRAINMEN

In selecting conductors and motormen for either passenger
or freight service the strict rule is followed that all acceptable
applicants must have had previous experience with a steam
railway operated under the American Railway Association
tules, and also must show that their record in this service was
satisfactory. In the electric railway organization a freight
Erakeman is next in line for promotion to a position as pas-
senger car conductor. At the present time all of the motor-
men are experienced steam railroad locomotive engineers.
Portland is an important steam railroad center and there is no
scarcity of good men who are willing to leave the steam rail-
road service for work on the electric trains at the same or
even less wages than they formerly received. The Oregon
Electric Railway Company i1s a member of the American
Railway Association.

When a man applies for employment in any part of the
train, station, yard, signal or crossing service, he is given
a thorough test of sight and hearing. Applicants for engi-
neer or train and switching service are also given physical
examinations by the chief surgeon of the company. The gen-
eral questions on the application blank filled out by each ap-
plicant are similar to those used in good steam railroad prac-
tice. A schedule of the very thorough physical examination
record made by the medical examiners is reproduced.

The rule book of the company includes all the-American
Railway Association rules for train operation that apply to
electric railway service, and the rule numbers as used in the
steam railroad standard rule book are retained in- the rule
book of the Cregon Electric Railway so that there may be
no confusion, and so that the experienced steam railroad train-
men employed will be familiar with the location of each rule
by number. Before accepting a conductor or a motorman
he must satisfactorily pass an examination on rules, which
includes 173 questions printed on a blank and arranged with

! LITTLE more than a year ago the Oregon Electric
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spaces for written answers. These questions refer to train
signals, classificaion and movement of trains, movement of
trains by train orders, and require the interpretation of vari-
ous sample train orders.

After having passed the physical tests and the examina-
tions on rules, the new motorman is put on a train with an
instructor, who teaches him the important features regarding
the operation of the electrical equipment and the control sys-
tem, and gives him an opportunity to familiarize himself with
the roadway. New conductors also are put on with old men
and serve as assistants while learning the road, the tariffs and
the methods of handling tickets and making the reports re-
quired by the auditing department.

New motormen are required to work a few days in the re-
pair shop, and particularly to study the multiple-unit control
system. After their knowledge of this part of the equip-
ment meets with the approval of the master mechanic, and
after the instructing meciorman certifies to their ability to
operate a train, the new men are given runs, but are kept
under close observation a sufficient length of time to make
the officials sure that each knows his duties.

TRAIN OPERATION

The telegraph system is used exclusively for transmitting
train orders, unless this service is interrupted by some accident,
when telephones placed in shelter sheds at the sidings may be
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Oregon Electric Railway—Advertisement Showing Possible
Excursion Trips

used. Each freight caboose is equipped with a telephone
set and a hook pole so that the dispatcher may be called
quickly if the train becomes stalled between stations. Opera-
tors are on duty at 10 telegraph stations on the Salem divi-
sion and at four stations on the Forest Grove division. A
number of these telegraph stations are at power substations.
Operators for power substation service are recruited from the
steam railroad telegraph service, and their duties on the
Oregon Electric Railway lines include the operation of both
the substation and the handling of train orders. The Postal
Telegraph Company uses the railway company’s telegraph
line, but by agreement the dispatcher always has first right
to the wire.

The movement of trains past stations where operators are
on duty is controlled by two semaphore blades—one for each
direction—which are mounted on a high post in front of the
telegraph offices. The semaphore blades are always set in
the stop position except when right to proceed is called for by
an approaching train. In approaching a station the motor-
man sounds four blasts of his whistle, and if there are no
orders for his train the agent pulls the proper semaphore blade
down to the ‘‘proceed’’ position. The motorman acknowl-
edges this movement of the blade by two blasts of his whistle.
Should a train come within sight of a station and find the
semaphore blade in the proceed position, the motorman must
stop and get clearance from the dispatcher, provided that the
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incident takes place while an operator is, or should be, on duty
at that station. This rule, therefore, makes it necessary for
the station agent to lower the semaphore blade only after a
motorman has called for a proceed signal. The finding of
a station semaphore in the proceed position (unless the motor-
man has seen it lowered) is considered an improper signal.
This method of blocking trains at each station where there
is an operator on duty is thought to be as complete a manual
block system as could be devised. If the operator does not
handle his semaphore properly he is disciplined; for the first
offence he is admonished, and for the second he is given
demerits, according to the judgment of the superintendent. If
a motorman runs his train by one of these station semaphores
placed in the stop position or by an improperly displayed sig-
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nal, the train crew is discharged. Thus the object of requir-
ing the motorman to acknowledge the dropping of a station
semaphore by two whistles serves the double purpose of ad-
vising the station agent that the signal is seen, and also noti-
fies the conductor that the train has obtained the right to
enter the next block. Rules 221 and 221-A regarding this
method of blocking trains, as used by the Oregon Electric
Railway, follow:

221. A fixed signal musl be used at each train order office, which shall
indicate “'stop” when there is an operator on duty, except when changed to
“procecd” to allow a train to pass for which there are no orders. A Irain must
not pass the signal while ““stop” is indicated. The signal must be returned to
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“stop” as soon as a train has passed. It nust be fastened at ““proceed” only
when no operator is on duty.

Operators must have the proper appliances for hand signaling ready for
immediate use if the fixed signal should fail to work properly. 1f a signal is
not displayed at a night office, trains which have not been notified must stop and
ascertain the cause, and report the facts to the superintendent from the next
open telegraph ofhce.

Where the semaphore is used, the arm indicates *‘stop”” when horizontal and
"‘proceed” when in an inclined position.

221 (A). Clearanze card (Form 0.1) will be issued to all trains stopped by
train‘order signal, and will show numbers of orders, if any, for that train.

Enginemen in approaching a telegraph station, after whistling for station, if
signal can be seen, will sound four short blasts of the whistle for “"proceed’
signal, and will acknowledge receipt of same by two short blasts of the whistle,
and proceed, unless required to stop for other purposes. If "“proceed” is not
received, train must come to a stop and not proceed without a clearance card.
If signal isat “proceed” when engineman comes in sight of it, he will not whistle
for “proceed” but must stop and get a clearance.

Operators in changing position of the train order signal from “stop™ to “'pro-
cecd,” should do so only when the movement can be seen by the engineman.
If engineman fails to see the movement of arm or light, he must stop and not
proceed until aftcr receiving a clearance card. He must always instantly
acknowledge the change in signal to “*proceed” by two short blasts of the whistle.

Unless some form of block signals is used operators must space trains 10
minutes apart, using the train order signal for that purpose. They must show
on clearance card time train will be allowed to depart.

Conductors and enginemen must respect time marked in clearance and follow
preceding train as per rule 91.

DEMERIT SYSTEM

The discipline methods of the transportation department of
the Oregon Electric Railway are based on an adaptation of
the Brown demerit system with dischargeable offences, one of
which is ““violation of any rule that might cause accident,
such as leaving a switch open or an operator overlooking an
order.” The bulletin regarding the conduct of this disci-
pline system as distributed at the time of its introduction fol-
lows in part:

TO ALL EMPLOYES

1. On April 1, 1908, the system of “'Discipline by Record” for permanent
employes will be put in effect, and upon that date all employes will be con-
sidered as starting in with a clear record. As occasion demands an individual
account will be opened with each employee, in a book kept especially for that
purpose in the superintendent’s office.

2. The objects to be attained under this system are

(a) To avoid loss of wages by person employed;
(b) To stimulate and encourage employees in the faithful and intelligent
discharge of their duties.

3. Under this system a certain number of marks will be entered against the
record of each employee for violation of the rules, etc., instead of suspension.

4. Each employee will be notified in writing of any favorable or unfavorable
entry against his record; the reason therefor, and the number of marks given.

5. Whenever demerit marks are given a notice will be posted stating how
many marks have been given and on what charge, but omitting name, date,
train, or location.

6. When an employee’s demernit marks have reached the number of 75, he
ghall be called in by the superintendent, duly cautioned, and advised that when
his demerits amount to 100 he will be subject to dismissal from the service.

7. Such acts as disloyalty, dishonesty, desertion, intemperance, insubor-
dination, willful neglect, gross carelessness, immorality, violation of thc rules
whereby the company’s porperty is endangered or destroyed, making false
reports or statements, or concealing facts concerning matters under investi-
tion, etc., will subject the offender to summary dismissal.

8. Creditswill be given on the record. and may also be bulletined, for notably
excellent conduct, deeds of heroism and loyalty, good judgment in emergencies,
etc.; these special credits will be given full consideration in connection with any
charge entered.

9. Employees will be allowed to examine their record at any time upon
application.

10. The company reserves the right to discharge any employee under this
system.

Merit and demerit marks are given according to the fol-
lowing schedule:

DEMERITS
Incompetent or unsatisfactory service.................. ......... 10-100
Disobedience of rules governing railroad crossings................ 10-100
Failure to report accidents........ ..o, 10-100
Smoking on duty (passenger crews)..............oiiiiiiiiaa.n. 10
Incomplete and poor accident reports...................cooiu.s 1- 20
Inattention to passengers.............o.viitiiiii i 1- 10
Failure to show up or report for duty........................... 10-100
Untidy conditionof dress......................o i 5
Frequenting sal00Ds osu; v « & - wome v s woinia s s eige o mims s e s e e 10- 50
Accidents when avoidable.................... ... 10-100
Ungentlemanly conduct..............oooeiiiii i 5-100
Disobedience of orders,............coovviiiiiiiiiiii i 10-100

Gambling............ R 1 B B SRR ¢ AR R 0 S 8 s A RS 50

ELECTRIC RAILWAY JOURNAL.

[VorL. XXXIV. No. 14.

Criticism of management of road..............c.cooovieiiin.., 50
Talking about accidents to others than proper officers of road...... 20
Failure to report negligence or delay...........ccoouiviviene.... 2- 10
Failure to protect trains. .........c.viiiiiiiiiirniieinneinns 10- 50
Failure to transfer orders.....................ooo i, 10- 50
Signals improperly displayed or failure to notice and answer signals 2— 50
Running ahead of schedule................................... 10-100
Careless or indifferent operation of trains........................ 5- 25
Backing train without proper signals and protection............... 10- 25
Injury to equipment caused by improper handling................ 10- 50

Failure to report trouble or any defects with car, roadway or overhead  5- 50
Acts detrimental to good service............oiiiiiiiiiniin..... 3-20

MOTORMEN'S SPECIAL DEMERITS

Running over circuit breakers with currenton.................... - 5

Allowing unauthorized persons to ride in cab... 25
Headlight not burning according to rules ......... 1-10
Failing to whistle or ring gong at proper places................... 10
Starting train without proper signals, except to avoid collision...... 10- 25
Exceeding speed limit within yard or city limits.................. 5- 25
Flattening wheels except to avoid collision or accident............. 5- 20
Reversing car except to avoid accident.................ocoe... 725
Failure to observe slow, stop, or caution signs.................... 5- 50
Improper use of air. ... ..ovuviireiin i 5- 10
Splitting switch s ;a0 : s s e 505058 ma s e e 5B 555w b 5-100
Using current with brakes set....................oiiiiiaian 5- 25
Running too close to wagons............c..ooiiiiiiiiiiiiiinaan. 5- 25
Leaving car without taking controller handle, throwing breaker and

cutting out control.......ovviit it e - 25
Not obeying conductor’s signals...............cooiviieiia.. 25
Running ahead of time..............cooiiiiiiiiiiiii 10-100

CONDUCTORS' SPECIAL DEMERITS
Repeated mistakes in reports to auditor. .............cooviin... 5- 25
Inattention to PasSENgers........uuvunennieneiniineeaeeaennennns 1- 10
Bad judgment and carelessness in regulating heat or ventilators.... I~ 10
Carelessness in using hat checks............... ...l 5~ 25
Failure: to cancel tickets: . : wems s s mp o oo s wmm o o s 5 s 2o featals 1- 10
Failure to make daily reports to auditor......................... 1- 10
Failure to make daily remittance to bank.................... ... 1- 10
Failure to hold trolley when necessary...............coovvuvinn.. 5- 25
Failure to be supplied with tickets, reports and other necessary supplies 5- 25
Failure to give proper signals..............cocoviiiiiiiiian... 5- 25
Failure to call stations or announce train stops at terminals........ 5- 25
. MERITS

Warning persons in act of jumping from moving trains; thus prevent-

TG ACCTACTIES .. oo v o i s e 55855 5 e o 2 st e s i o 6 anile 0 e S1e ol 1- 25
Assistance rendered in case of accident such as to bring commendation

from. PASSENETS s s s 5o s § 4 me £ s 58 £ 5 B3 e 4565 o & 5 R E § R 1- 25
Securing names and addresses of witnesses to accidents other than

those 0N TEPOTt. ...« oeuniti ettt it 5- 25
Politeness and attention to passengers..................coveueen. - 5
Reporting defects in equipment, track or overhead....... . 1- 5
Complete and perfect acaident reports........ooovvvveieiien.n. 5- 10
Good judgment and work in case of wrecks, washouts, etc......... 5- 25
Neatness 1n personal appearance...........c.ovvvuiiiiniininnn. 1- 10
Onc month without demerits................oooiiiiiat. B 5
For any meritorious act which in the opinion of the superintendent

deserves 1ecoOgnition. ... .ououinint ittt 1-100

MOTORMEN'S SPECIAL MERITS
Careful handling of car during previous month................... 5-25
Good stop to avoid accident,......ccoovveinnii il 5- 25
For bringing in defective car without delay to other trains......... 5- 25
Good judgment in using sander.................ooiiiiiil 1- 25
CONDUCTORS' SPECIAL MERITS

Handling boisterous, unreasonable or drunken passengers with tact

and judgment..........ooiiiiiiiii 1- 25
Special attention to aged and infirm persons or children........... 1- 25
Perfect reports to auditor for one month......................... 5~ 25

SERVICE

Thirty-eight trains a day are operated in and out of
Portland, including one limited train, which makes the run be- -
tween Portland and Salem, 50 miles, in 1 hour and 30
minutes, or at an average schedule speed of about 33 miles
an hour. The local trains make an average schedule speed
of 25 miles an hour.

The maximum rate of fare charged for passage between
Portland and Salem, and between Forest Grove and Gaden
Home and intermediate points, is 3 cents per mile. How-
ever, a reduction of 5 per cent from this rate is allowed on
daily return tickets which, in the form issued, permit the
tickets to be used for two fares going in one direction. The
company also sells 60-ride commutation books at 1 1/2 cents

per mile. These books are valid for a period of six months
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after date of issue, and may be used by any member of a
family between points located within a radius of 16 miles
from Portland. This latter plan has induced many families
to build homes in the suburbs of Portland, and in several of
the small settlements along this electric line. A rate of 1
cent per mile is made to school children. This transporta-
tion is issued in books of 46 rides, which must be used up
in one month from date of issue. Mileage books good for
1000 miles are sold for $25. These books are valid only
for the passage of their original purchasers. Week-end re-
turn-trip tickets good going on Saturday and Sunday and
returning up to Monday night are sold at a rate of 2 cents
per mile. When a fare is paid on the car an excess charge
of 10 cents is made. A receipt for this excess charge is
redeemable on demand at any of the company’s offices.

In connection with the promotion of business for the Oregon
Electric Railway, the traffic department has issued cards 3
in. x5 1-2 in. in size, calling attention to the fast round-trip
time that can be made between Portland and each of the more
important towns on the two divisions. The reverse of one
of these cards, which presents a number of possible trips and
the time required to make them, and other information, is
reproduced on page 551.

W

UNITED RAILWAYS OF PORTLAND
THE United Railways Company of Portland, Ore., is

completing an interurban road 27.5 miles long, from

Portland to Forest Grove. This line, of which 17

miles are in operation, traverses suburban territory
of Portland along the bluffs on the west banks of the Will-
amette and Columbia Rivers for 14 miles, serving the towns
of Whitwood Court, Linnion, Harborton, Miller’s Sta-
tion and Burlington. At Burlington the line turns west
and passes through Helvetia, Glencoe and Centerville
to Forest Grove, in Washington County. The territory
tributary to this line is either timber land or is under
a high state of cultivation for market gardening and
farming. Freight terminals have been purchased in the
steam railroad terminal district, at the north end of
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Portland, and plans are being made to handle heavy freight.

In building the roadbed the rugged nature of the country
necessitated a comparatively large amount of excavation and
filling. Along the river bluffs there are cuts from 50 ft. to 60
ft. deep and trestles from 90 ft. to 100 ft. high. The track
is laid with 60-lb. rails and has maximum grades of 1 1/2
per cent and maximum curves of 4 deg. The rails are bonded
with Ohio Brass Company’s soldered bonds, which were put
on with special care and mechanically tested after installa-
Lion.

In addition to its interurban line the company has 10 miles
of standard-gage track within the city of Portland. This
track is laid with 114-lb. girder rails in streets paved with
Belgian blocks and serves as a city entrance for the interurban
line and also as a track connection for the steam and electric
freight lines. At the present time the company is handling
between 10 and 40 cars of freight each night. A new line,
about 3 miles long, is being built to the suburb of Riverdale,
south of the city.

The overhead construction of the new road includes No.
0000 grooved trolley, with side suspension, and Ohio Brass
Company’s overhead fittings carried on 40-ft. poles. The
trolley is supplemented with a 800,000-circ. mil aluminum
feeder cable. The 10,000-volt three-phase high-tension
current is transmitted by No. 0 aluminum strand cables
mounted on the tops of the trolley poles and carried on Locke
porcelain insulators tested to 14,000 volts. This line feeds
a substation 8 miles from Portland with one 250-kw motor-
generator set of Westinghouse manufacture.

The rolling stock equipment for the operation of that
portion of the line now completed includes four 60-ft. inter-
urban coaches, built by the American Car Company, at St.
Louis, two open trailers and one Westinghouse-Baldwin elec-
tric locomotive. The interurban coaches have four Westing-
house 75-hp motors carried on Baldwin trucks and Westing-
house electro-pneumatic control. The locomotives have motors
rated at a total of 440 hp. Another Westinghouse-Baldwin

freight locomotive of 600-hp motor capacity is now under con-
struction and soon will be added to the rolling stock equipment
of this road.




ELECTRIC RAILWAYS OF SAN FRANCISCO
AND ITS ENVIRONS

OPERATING FEATURES OF THE UNITED
RAILROADS OF SAN FRANCISCO

: 5 O much has been written of the severe trials through

which San Francisco and its electric railway system

have passed during the last three years that the his-

tory of the rapid reconstruction following the earth-
quake and fire and the quick resumption of normal service
following the strike of 1907 need not here be repeated.
The present article will treat of extensive power-plant im-
provements now under way, the most recent and interesting
features in track construction and the methods used in the
employment of platform men.

POWER SUPPLY

At the present time the company is operating two gen-
erating stations and purchases power from power supply
companies with transmission systems fed from water-
power and gas-engine driven generators. The railway
steam plants are known as the North Beach and the Bryant
Street stations. During the past summer the United Rail-
roads of San Francisco purchased control of the water-power
property of the Stanislaus Electric Power Company, and a
contract between that company and the United Railroads
has been made whereby the Stanislaus Company will soon
furnish all the power required for the operation of the rail-
way systems in San Francisco.

The present plant of the Stanislaus Company includes four
6700-kw generators, driven by Pelton wheels operating un-
der a 1500-ft. head. The output of this station, which 1s
located in the Sierra Mountains, 140 miles east of San
Francisco, is to be carried at 110,000 volts over a steel tower
transmission line extending to the city limits of San Fran-
cisco, where the voltage will be stepped down to 11,000
volts, - three-phase, 60 cycles, for distribution to the substa-
tions of the United Railroads and to other users. The ulti-
mate capacity that can be developed by the Stanislaus prop-
erty is 60,000 hp. The operating contract between the
railroad and the power company provides for a purchase rate
of about $30 per hp-year, and the railroad company ex-
pects to use an average of 20,000 hp. Sanderson & Porter,
New York, are the consulting engineers for this extensive
hydraulic development. In the operating contract between
the two companies it is provided that the power company
shall operate the steam stations now owned by the railway
company. T hese stations are to be used for relay and emer-
gency service.

The new power supply, with its 60-cycle current, will
make advisable changes in the substation equipment
heretofore operated by the railway company. The four sub-
stations, known as Turk and Fillmore, Bryant Street, Geneva
Avenue and Millbrae, are now equipped with 25-cycle rotary
converters. Motor-generator sets will be substituted for these
units. The motor end of the new sets will operate on !1,-
000-volt, 60-cycle current without the use of substation
transformers. Most of these motors will be of the synchro-
nous type, although a few of the units will be driven by in-
duction motors to provide against hunting. The generating

ends of the motor-generator sets will each have a capacity of

1500 kw.
NORTH BEACH POWER STATION

The North Beach power station was completed during
the summer of 1903, and carried the entire alternating-cur-
rent load generated by the railway company until the time
of the earthquake in 1906, when service was interrupted.
Directly after the earthquake, which severely damaged
the building and stack, but not the boilers or generating ma-
chinery, emergency repairs were made so that power could
be obtained quickly. Since that time the permanent recon-
struction has proceeded until now the station is in better con-
dition than ever before. The reconstruction work included
the addition of a 6-ft. top on the original side walls and the
erection of a new roof. The height of the building was in-
creased to permit the installation of a 50-ton Morgan crane,
which now serves the entire engine-room floor. Originally the
boiler-house stack, which was built of brick, was 150 ft.
high. This stack is 10 ft. in diameter. The top half of the
stack fell at the time of the earthquake and a new cap has
been put on at a height of 78 ft. It is said that the short
stack is of ample height to afford good draft for the boiler
plant now that oil is burned for fuel.

The equipment of the boiler plant includes 14 B. & W.
boilers, the waste gases from which are passed through Green
fuel economizers into a single large concrete breeching.
There are eight 500-hp boilers with 4-in. tubes, 21 wide
and 12 high, and six 600-hp boilers with 4-in. tubes, 21
wide and 14 high. California crude petroleum is used as
fuel. This is held in a 30,000-bbl. storage tank and two
20,000-gal. auxiliary tanks, which are fed from either of
two oil supply companies’ underground piping systems.

The engine-room equipment includes two three-cylinder
Union Iron Works marine type engines, each driving two
General Electric 1200-kw, 13,200-volt, three-phase alter-
nators at 136 r.p.m. and a five-stage Curtis turbine of 5,000-
Lkw capacity, which operates at 750 r.p.m., generating 13,-
200-volt, 25-cycle current.

Vacuum for the turbine is maintained by a Wheeler con-
denser with motor-driven, wet-vacuum pumps and circulat-
ing pumps handling sea water. The motor which drives the
circulating pump is a three-phase General Electric induction
unit of 200-hp capacity. The condensers for the recipro-
cating units are supplied with circulating water by engine-
driven pumps, which are piped, however, so that they can
be used as auxiliaries for the turbine equipment. The sup-
ply of circulating water is drawn from San Francisco Bay
through two large cast-iron suction lines. An emergency sup-
ply tank provides sufficient water to prime these pipes three
times in case the vacuum is lost, and a small air pump also
serves to pick up the water if needed. Make-up water for
the boilers is drawn from the city system, and the exhaust
from the turbine condenser is passed through a Warren-Web-
ster heater for boiler feeding. The boiler feed pumps are
located in the basement and include three steam-driven and
two motor-driven units. The fire-pump supply lines are fed
with salt water.

An interesting part of the electrical equipment of this plant
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is a 4000-kw phase-changing machine, which handles cur-
rent from a long-distance transmission system operated at 60
cycles and delivers it to the railway company's substation
transmission system. This phase-changing unit also operates
in parallel with the 5000-kw Curtis turbine generator. The
unit, which was built by the General Electric Company, is a
four-bearing machine receiving 11,000-volt, 60-cycle cur-
rent and delivering 13,200-volt, 25-cycle current to the rail-
way company’s a.c. substation feeders.

A daily load chart is presented showing the normal load
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curve and the sources of the proportionate amounts of power
which go to make up the total curve.

Views are presented on Plate XXXIV, showing the inter-
esting method of handling the heavy machinery recently in-
stalled in this plant. Use was made of a steam railroad
wrecking crane for handling a heavy armature, and the heavy
parts of the largs Curtis turbine were dclivered on a lighter
at the beach directly in front of the plant and moved into the
building on rollers.

The United Railroads of San Francisco now operate about
270 miles of standard-gage track, including 14.7 miles of
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cable track. An interesting part of the track reconstruction
work in San Francisco, which has been steadily progressing
since the spring of 1906, was the relaying of the double-
track line on Market Street, the main business artery of the
city which leads from the ferries through the retail district.
A description of a portion of this work was published in the
ELECTRIC RAILWAY JOURNAL for Jan. 18, 1908, page
68. The article described the general methods of track
construction in San Francisco following the earthquake, and
illustrated, among other things, some of the features of the
reconstruction and track elevation work at the lower end of
Market Street, near the ferry.

In March and April of this year the track in that part
of Market Street which carries the heaviest trafic was en-
tirely rebuilt for a single-track distance of 9420 ft. with 141-
Ib. rails in the short period of six weeks. This work was
done by contract at a cost of $6 per running foot, exclusive
of the asphalt paving. On account of the heavy traffic the
asphalt surface which was put in by the city was laid 2 in.
thick on 1 in. of binder. The accompanying views, taken
during the process of this track construction, presented on
Plate XXXIII, illustrate the several stages of this work. One
view shows an electric crane raising the old cable yokes im-
bedded in the concrete of the existing track. When these
yokes had been pulled out the concrete was broken with
hammers or put through a crusher. Then it was replaced
and releveled to form a foundation bed 2 ft. deep. The
wooden ties were ballasted with 8 in. or 9 in. of broken
stone covered with a 1:3:6 mixture of concrete to support
the gage blocks and asphalt surface.

A unique piece of track work is presented in one of the
lustrations on Plate XXXIII, showing a cable track with its
built-up yokes and deep foundation of concrete being moved
to a new location in the same street and having its elevation
raised about 3 ft. without disturbing or interrupting the op-
eration of the cars. This work was made necessary on ac-
count of a change in the street grade extending for about
four blocks along Clay Street. In carrying out the work,
which was done with company forces, the cable track and
its massive concrete foundation, tied together with structural
ion conduit yokes, was lifted in lengths sufficient to give the
3.ft. rise in about 100 ft. of length and temporarily sup-
ported on blocking. Short screw jacks were used for lifting,
and as soon as the body of concrete and steel had been
Llocked to its final surface the space beneath was refilled,
thoroughly tamped and flushed. This work was complzted
more than a year ago, and there has been no perceptible set-
tlement.

EMPLOYMENT METHODS

Immediately after the strike of 1907 it was necessary to
hire as many as 100 new men each day, including Sunday,
but as soon as the schedules had all been filled the require-
ments for admission to service were raised and the regulations
for hiring, training and disciplining employees were placed on
a high basis. A bureau has been established for obtaining
and keeping complete employees’ records for the use of the
transportation department. A part of the work of this bureau
is the investigation of all local references given by new men.
The bureau is under the direct charge of the superintendent of
employment who has sufficient clerical assistance to carry on
the work of investigating the characteristics of applicants and
keeping up the photographic and record files of all men in the
service. .

Avpplicants for work are received by the superintendent of
employment only on Tuesday of each week. The superinten-
dent talks with each man and takes the refcrences offered by
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the most acceptable looking candidates. New men must be
between 5 ft. 6 in. and 6 ft. 2 in. tall and be more that 21
and less than 40 years of age.

As the men stand in line awaiting their turn to meet the
superintendent of employment each one is asked to fill out a
skeleton reference card, which is handed to the superintendent
as the man is admitted to the office. These cards are printed
on heavy manila paper cut 7 in. long by 4 in. wide and
punched at one end for insertion in a loose-leaf binder. The
following information 1s required to make the card complete:

Name.. . ..... Former employer........
Address........ Former rate of pay..
Position wanted . ........ Why did you leave. .

Past occupation ......... Age .. .

If the superintendent should employ a man with whose
qualifications he is acquainted and thus forego the customary

P
United Railroads of San francusco

Rule Book No.. - —

Sigasiure of Applicant . .
Sn»ennundcnl will ulcnu v"uy Ihll uannmr-
before placiog applicant on

- o seresmsss S0

= O, 7.

Place bearer_ Badge

whose signature is above on your lines to
tearn the duties of Motorman.

- "Generat Superiatendent.
Instructed by
GAYS 1Motormen dovtructing students will sign below | )
Badge S
Badge. . .
.-Badge .
R Badge
Badge .

This is to certify that I have wcewvd'
the necessary instructions from the abdve
named employees and thoroughly under-
stand the duties of the position of
Motorman as required by the rules of'!
the Company.

Name, e e
Date, ‘

Ib«.lteue ‘the above named a appluuut
to be competent to perform the duties of
Motorman, have examined and found
Ium/‘amtlmr with instructions and book
of rules.

Division Superintandent.
Date,

To be retamed 1o office of Gananar Sunlmn-nulﬂ 1o envelope.
wilb order for Buttons.

United Railroads of San Francisco—Instruction Record
Card (Original 3 3/4 in. x 8 3/4 in.)

mnspection of references, he advises the chief clerk of the em-
ployment bureau of his action by sending him a small an-
nouncement slip, 3 in. x 4 in. in size, bearing the date, name
of the new man, time appointed, car house to which he should
be assigned, by whom recommended and any pertinent re-
marks necessary. This information is followed by the signa-
ture of the superintendent of employment before filing.

REFERENCES

After an applicant has been approved by the superintendent
he is handed a four-page application blank which must be filled
out in ink in his own handwriting in the presence of the clerk
of the employment bureau. The completeness of this blank is
an index of the thoroughness of the methods used in examin-
ing new employees. The general wording of the blank is
1eproduced in the opposite column.
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After the application blank is filled the applicant is
given an order requiring him to present himself at the hospital
department for physical examination by the company’s sur-

APPLICATION FOR EMPLOYMENT

To be answered in appiicant’s own handwriting

Use Ink
1, Applicant’s name in full (no initials) ..... W ¢ 5 g ¢ 6§ prineleletels .
2. For what position.............. eietate s eterEis @ 5 BTG & s WIRETE 5 aieta oo
3. Where born, City (0r Town) oOf....viierernnrnnnnennnnenans 6600
State (or hmgdom) of z.:oenmass SiEiE & & b WisEe ¥ 5 S o ats
4. Date of Birth...........Month. .......Day eie s vivieiarn aol X CAR
5. Trade or occupatlon .......... Sleisietslelots
6. Married, Single or widower........ L
T NO. A0 FAMIIY. o eciole sioinzs o eioiaioioie s skorurlslsiemsisse s wisteiel eheieiatotalele e et
8. General APDEATAlCEe.c.oeeesaceesraciosassscsascanasnssssses G50
9, Color Of eVeS:.:.usmuussmmmassesssssnss o s e 8 @Ee 8 E i 5 o e Solaie
10. Color of hair.......
11. Weight .seeieeana.
12. Height ..iise0e.0s
135 COMDIEXTON 1o oieie s o wiottoio o wrsiere ole siste s s erasase s 5 5 o
14. Specilal Remarks:
15. Present address, NO.......c.ooeviinnns
16. Are }im"y persons depending on you for support?
TWHIOIZ  «luioreielo = sussie. sjoisiasr: o sgasns) s o ehelopere\ol=lerete

17. With whom are vou living?
18. How long have you resided at your

18. VVhere did you move from to that place........ .....
v o s s cCILY OF | oo

20. How 1ong d1d you reside there?....
21. How long have you resided in San Franelsco" ......
22. By whom were you iast employed?......c.ccei vuivnnnns
23. Employer’'s address, No. Clty Of i ss wisnelatsias e
24. Employer's business .....ceecevuvenn. ol enstelelal
25. How long in their employ" FrOM e nn v (G650 6000050000

At ‘what ‘'WagesS? .. : uwws s smums s o aime s 4

26. By whom were you prev!ou%ly employed?........

27. Emplcyer’s address, NO..v.cvveveeses....City of...
28. Employer’'s business ..e..eceseses S5 5 6 s aYRISIE § SRR 515 nsiena B Lok
29. How long in thelr empioy, From.............to Srneere oy

AL WHAE WABEST .. e eviesis s s ofs orarers s ajotaiaie s
30. How long have you been out of employment.

ceae

31. Whli\erre does your parent or nearest relative now reside"
ATXIE] . oorore s oletorale) o olorersl ol oletese s oaoxois o otarere oo atblom

No ...Street or Avenue Clty of.

22. How is this person rejated to you?.........

33. To what extent do you use llquors (either wmes. splrits “or
malt) aS 8 DeVerage? ....cceiceececcesccssecsascoscccsnnnns

34. Were you ever injured? If so state. When. where and nature
OF INJULY'T .. iicicio o emioinis o siwior s s wrorers s « wispoe oo wxaiaios siazereials

35. ITave you ever been employed on any steam railroad or any
electrie, cabie or horse railroad in any capacity? If so,
state where, on what roads and in swhat position, iength
of service, and cause of leaving service, in each case......

The persons whose names and addresses are given below are
offered as references as to character, etc.,, by the applicant. Ap-
plicants will please bear in mind that the willing endorsements
of persons well known in the community are the best possibie
references, but the endorsement of persons acquainted with appii-
cant are more valuable in this connection than the unwilling
endorsement of some one more prominent, who is acquainted
with him.

(The original blank contains space for four references with
lines for the Name, Business, Street No., City and State of each.)

N. B.—The applicant is cautioned that inasmuch as the ref-
erences on this paper will be called upon for such detailed (writ-
ten) information as to ability, industry, character, habits, etc.,
as they can give, he should be careful to secure those who know
him well, especially in his occupation, and who will be willing to
furnish such information in greater detail when asked. A failure
to so furnish it promptiy will be deemed a refusai, and will be
necessarily a disadvantage to the applicant, and no statement in
lieu of it will be accepted under any circumstances.

In consideration of my receiving employment from the United
Railroads of San Francisco, I hereby agree that I will faithfully
perform all of the duties and fully compily with all of the Rules
and Regulations now existing, or which may hereafter from time
to time be prescribed by the United Railroads of San Francisco
for the government of its employees.

I further agree that my employment with the said Company
may be terminated by it on any day or at any hour, by either
written or verbai notice from the Company, its General Manager,
General Superintendent, or other officer of said Company under
whom I may be working.

I deciine to accept the benefit of the provisions of the Act
of February 27, 1833, California Statutes, of 1893, page 54,
providing for a day of rest from labor, and I request permis-
sion to work my full time each month; being satisfied with
such relief from work as said Company may allow. And
expressly understand and agree that the amount paid me for
each month’s or week's service shali be in full for all my serv-
ices during such month or week, as the case may be,

IMPORTANT—I hereby guarantee the truth of the above
answers made by me to the foregoing questions, which consti-
tute the basis of my employment. And it is expressly under-
stood that the United Ralilroads of San Francisco may sum-
mariiy dismiss me from its service if at any time it be ascer-
tained that I have concealed the truth or made false statements
in any of the above answers.

I hereby declare that I have carefuliy read all of the fore-
going application.

Witness my hand this.............. day Of .....isen el 90

Signature of Applicant.......c.ovviiireieriiinieeencennns
Letters of recommendation must be handed in with thls
application, to remain on file with the Company. Appiicants

with such recommendation are given preference.

geon. If his physical condition is satisfactory the applicant is
sent to the company’s photographer with a blank requesting
that four photographs be taken and sent to the employment de-
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partment. A note at the bottom of the order for photographs
says: “This company is in no wise to be responsible for or
charged with the cost of the above-mentioned photographs.”
The applicant pays the photographer 50 cents for this work
and he pays the doctor $1 for the physical examination. The
photographs include two copies each of full face and profile
portraits of the head.

If the burean of employment finds that the references of
the applicant are satisfactory and if the man is approved by
the surgeon, he is next given an instruction record card and
sent to the general superintendent’s office for approval and
assignment to instruction service on a particular division.
These instruction cards are 3 3-4 in.x 8 3-4 in. in size,
printed on heavy manila stock and bearing the information as
reproduced herewith. When the new man is assigned to a
division for instructions, if a motorman he deposits $2.50 for
a badge and buttons and if a conductor $5 for his badge,
buttons and punch.

INSTRUCTION SERVICE

When a conductor has successfully proceeded thus far he is
taken in hand by an instructor who delivers to him a course of
lectures and oversees his breaking-in service of seven days on
the car platform. Next the student is carefully examined by
an inspector or the car dispatcher as to his ability and knowl-
edge, not only of operating his car, but of making out reports,
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to the extra list. Particular care is taken to keep the extra
list within such limits that all men get on a car once each day.
The rate of pay for new men is 25 cents an hour, increasing
by one cent a year to 33 cents per hour.

Several of the blank forms used by the employment bureau
are of interest on account of their completeness. One of these
blanks, an identification card, is the brief statement of the
employee’s distinguishing characteristics. On each of these
cards a photograph is pasted and before a new man is ap-
proved for work each division superintendent must have noted
on the card whether or not he recognizes the portrait of the
new man. After this card has been filled out it is filed with
the discipline record.

.

REFERENCE BLANKS

The reference blank sent out to previous employers is an
imitation typewritten letter asking for the usual information.
A more extensive reference blank is sent to those given as char-
acter references. This blank contains a list of 16 questions re-
garding the applicant’s characteristics.

The discipline records of all employees are kept in a card
index at the office of the general superintendent. These record
cards are 9 in. x 6 in. in size and ruled on white cardboard
as shown. Each new employee is required to sign a copy of
the following agreement:

THIS AGREEMNET. WITNESSETH;:

UHEERE  500n0000nen00000000 005 00cnOnD o , barty

Form W 491 = %001 1708

of the first part, has made application to the
UNITED RAILROADS OF SAN FRAN-

CISCQ, party of the second part, to be em-

PIOYVEAT A8 (o ofs s sconoin o Shesers olo snsiessle cheresese ..upon its
cars, and in consideration of his employment

agrees, as follows:

1. To honestly and faithfully perform the

NAME : OCCUPATION : DIVISION .
BADCE No. Date of Binth: Place of Bith:
o o 75
APPLICATION No. Matried, Widower, Single : Previous Occupstions
DATE ENTERING SERVICE : Weight: Height: 3 .
= LEAVING s Complexion: Hair: Eyes

duties of said position so long as he shall be
continued in that employment, and to obey

DATE REEMPLOYED: DATE LEAVING SERVICE :

and fully comply with all the rules and regu-

lations now existing, as well as those which

OATE DISCIPLINE RECORD

ACTION TaREN

may from time to time be prescribed by the
company for said position on its cars.

2. If for any reason he shali be suspended

from the employment of said company, he
shall not be entitled to any compensation

during such suspension.

3. When his employment with said com-
pany ceases, he will at once return to said

company any badge, buttons or other prop-

United Railroads of San Francisco—Service Record Card

(Original g in. x 6 in.)

punching transfers and other necessary duties. Then he is
questioned by the superintendent and after approval he is in-
structed to report to the car dispatcher for work.

When a motorman receives his assignment for preliminary
instruction he is given a card filled out by the instructor of
motormen, authorizing him to report at a certain car house for
preliminary instruction and to return later for a final examina-
tion. The preliminary instruction period covers seven days in
a school equipped for training men in the handling of their
cars and in emergency work. The schoolroom equipment in-
cludes a skeleton car with complete running gear so that the
wheels may be operated and the brakes used. After instruc-
tion in this school the student motorman must pass a written
examination before he is assigned to an instructing motorman
with whom he gets his first experience on the road. When he
has successfully passed his written examination the student is
assigned to a car house and there the division superintendent
puts him on a car to break in with an experienced motorman
for seven days. As soon as the motorman declares the stu-
dent to be competent he returns to the school instructor for hi3
final examination, which includes the answering of 82 questions
on car operation. If this examination is satisfactory and if
he can also satisfy the division superintendent who questions
him that he is competent to operate his car, he is then assigned

erly of said company, in his possession; and
that any wages due him from said company,
when his employment under this agreement
shall terminate, shall be retained by said
company until all of said property is returned
by him to said company.

4. That the term of his employment shall the
pleasure of the company and no longer.

As a part of the consideration of this agreement, it is further
agreed that the party of the first part is not now a member of
any division of the Amalgamated Association of Street and Elec-
tric Railway Employees of America, or any other similar organiza-
tion, society or association, and will not during his empioyment
with said company join any of said divisions, or any other similar
organization, society or assoclation, wthout first notifying said
company of his intention so to do.

First party further declines to accept the benefits of the pro-
visions of the ACT of 1893 of the Legislature of the Stale of Cali-
fornia providing for a day of rest from labor, and requests per-
mission to work his fuli time each month, being satisfied with
such reiief from work as the company may allow.

This agreement is freely and voluntarily entered into by first
party, and he is not acting under coercion or compulsion of said
company, or any of its agents, officers or other persons on behaif
of said company

IN WITNESS WHEREOF, first party has hereunto subscribed
his name and the said UNITED RAILROADS OF SAN FRAN-
CISCO have caused these presents to be subscribed by their
General Manager this............... ..day of % 3 § SIIRE 56 I S § SRR S
One Thousand, Nine Hundred and ...

be during

UNITED RAILROADS OF SAN’ FRANCISCO,
By CHAS. N. BLACK,
General Manager.

Employment of men for car service, according to the
methods here outlined, has materially assisted in improving
the electric railway service in San Francisco. The thorough
training given the new men serves greatly to lessen the proba-
bility of accidents. Also, discipline is maintained much more
satisfactorily with the assistance of a complete set of records
which shows all the essential information required in selecting
men, together with their records while in service.



HE Oakland Traction Company and the San Fran-
fast interurban and frequent ferry service leading to San
San Francisco, Oakland & San Jose, commonly known as the
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OPERATING AND CAR-BUILDING METH-
cisco, Oakland & San Jose Consolidated Railway
are two entirely independent organizations, but the
Francisco. and the other with local and suburban street rail-
way service. While these two properties are separately
“Key Route,”” has 32 miles of track extending from a pier
1 o1 11 Pole Centers

ODS AT OAKLAND, CAL.
two railways serve the same population—one with a
owned, their railways are operated by the one staff. The
ﬂ

”
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the San Francisco ferries. The tracks of the Oakland Trac-

tion Company have lately been reconstructed from narrow-
gage to standard gage, so that the roadbed throughout is in
excellent condition. Power for the operation of the Oakland
Traction Company’s cars is purchased from the Pacific Gas
& Electric Company, which took over the old power plants of
the traction company and supplies current through substations
fed by a high-tension transmission system.

The pier terminal of the ““Key Route,” 3 miles from shore,
includes a four-track passenger station, terminals for two ferry
boats and a four-track storage and switching yard, all sup-
ported on piling. An interlocking tower near the end of the
pier controls the switches for the terminal yards. The com-
pany owns five large ferry steamers which
run on 20-minute headway between the Key
Route ferry terminal and the Market Street
terminal in San Francisco. These steamers

5
\Jp Trolley Wire 575 Volt D.C. Circuit

Track Return ]

__Car 'vVn cht 80000

were built in Oakland. As the boats arrve
at the ferry terminal each is met by four trains
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= 41§
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v

of from four to eight cars. The passengers

step from the ferryboat directly into the train
shed and quickly load into their respective
trains, which pull out one after the other and

. at Cente’

2 ot Min,

7

__TopofGmard
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traverse the 3-mile pier to shore, where their

routes divide, one each going to Berkeley,

g3/ Truck Centers [

Claremont, Piedmont and Broadway. The

55750 Length Over P 1:Lt‘§u[ms

Oakland Electric Railways—Type of Car Used and Dimen-

sions of Pier Structure

terminus 3 miles from shore in San Francisco Bay to five pop-
ulation centers in Qakland and Berkeley. The important
parts of the road are double tracked and laid with 70-1b. rails
on a private right-of-way. The Oakland Traction Company
has 199.49 miles of track and also serves the cities of Qak-
land, Berkeley and Alameda, all of which are located on the
east shore of San Francisco Bay. The total population served
by the two roads is about 350,000. An extension of the

CAR EQUIPMENT

CarNo. 334 Type Motors (L7 P0=A-4 | Troney * &
Motor Truck N, CB-20 || No. $ < Size 6"
Builder O..Z—.1 Co. Control j(‘ 6

Wheet Base 6~ O Cir. Bresker N LT 5

Wheels 3G M 10 77822 »C I CHB.Fuse

=i 23 3]:71

service to the boats is operated in the same
manner, and every 20 minutes a train from
each of the four main divisions passes onto
_ the pier and out to the terminal to meet a
~ ferryboat leaving for San Francisco. The
pier terminal is 2.7 miles from San Francisco
and the fare between any station on the
“Key Route” and San Francisco is 10
cents. The fare between stations on any branch of the
“Key Route” is 5 cents. The company has a number of at-
tractive terminals and way stations where tickets are sold.
Ohmer fare' registers are used in the collection of all fares.
ROLLING STOCK
The present standard type of motor car operated in the
“Key Route” train service has either two or four motors. The
{our-motor cars weigh 80,200 Ib. and the two-motor cars

CAR BODY RECORD

Car No. 334 wt.CarBody 22560 Wedth over Steps 9~ 0"
Originat No. i " wihTrucks 2 2440 “ poot 90"
Tyoe CLOSED - 8 SEC. || * Complete Eqd, 50,000 " " peck S-/0"
Cass L/ Length Body FF° 6 “ sesh Rt 970"
Buider O. 77 Co. " Open Sec. " at Shis a8’ /0"

S.B Brake Cyl. a8”

Brake Shoes S}

Ades 5 Tx PO Resistance C. G Year Buit /909 “  puattorms S 2" Number Steps __ / i
Trail Truck - Main Switch  *7 How A 3 4 over Couplers A& 2" [ Lenotn * 2 g ” |
Builder - 8rakes ALFT » HAND WHEEL ate Height of Body 9@ Brake NAZTONAL AIR & HANZ|
Wheel Base Compressor NVATZONAL ~. A4 RabUHE ' Roof from Rail /2" Couplings

Wheels - Governor »: ZYFE NV Date “. Flgor " " Fenders SZTANZALL]

Axles - Engineer's Valve n  SLITE

Drawing No. “ZP22 " Coupter from RaNZ PS5

D i Truck Centers

HeadugMMOSHET AXC
Sugne S ZANDALZD

G522

Ref. Drawings No. Air Signa, ( \

Whistle \‘ !j |5

In Sevics  “F-F-09.

s 22
Whee'Ease{ \ 28’

Trotey *6

Oakland Electric Railways—Blank Presenting Record of
Car Equipment

“Key Route’ to comprise about 4 miles of track in the fast
developing suburban territory north of Berkeley, is now under
way.

The Oakland Traction Company operates 230 cars in its
street railway service and the *Key Route” has 62 large in-
terurban-type cars and is now constructing 16 70-ft. coaches
for operation in connection with its train service to and from

L

Oakland Electric Railways—Blank Presenting Record of
Car Body Details

weigh 72,000 lb. Both car bodies are the same and seat 68
passengers. The motors are GE-66, with type M control,
and trains are so made up of motor cars and trailers that
there is a capacity of at least one motor per car. The four-car
trains operate at speeds up to 35 m.p.h.

The motor equipment used in this service has had a clear
record for five years. It is stated that although all of the “‘Key
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Route” motor cars are equipped with GE-66 motors, neither
a field nor an armature has burned out since operation started.
Some of the brushes have been in service for more than two
years. 1he commutators of these motors are slotted and the
type of brush used is a high-grade quality manufactured either
by the Speer Carbon Company or the General Electric Com-
pany.

Current for the operation of trains is collected from an
overhead wire by means of the Brown pantograph roller trol-

Vo CD HSwrnd—yo
OAKLAND TRACTION CONSOLIDATED.

EMPLOYEE'S ACCIDENT REPORT.
This Repors cveet b Bl eot bs /ed ow the day of the accident and coat immadiately % lClll- Depanaent, Geasral Offias |

REPORT OF ACCIDENT.

“Time of Accklent: Month. Day- Year at M
What Dx
{State whethar Track, Lioe, Power-Hoase, CanHouse or Shops.)
Localion
Party Injued: Name =
Residence. . Occupation

What was the accident or otcurrence, and the cause of it P

Having answered the foregoing questions’ correctly. give a statenent of the whole matler in the following space, with any
oller informstion which may seem to be valuable:

e o T e s e s TR e s T e e ———
P e D st IO e G R,

Stite Names of Witnesses and Residences:

RESITOE i crsmstores s it

Neme. Residen .
Name. - Redidence.

¢ Name Residence
Name. e Residen

Superintendent, or Foserman in charge sign here =
g Nameesom

Date

De not cat or paste these blankz. Write on this side only.

Oakland Electric Railways—Form of Accident Report Used
with Wrecking Car

ley. The roller for this trolley, which is held against the wire
by a spring-actuated pantograph, is a brass cylinder 5 in. in
outside diameter and 1-8 in. thick. The pantograph has a
vertical movement suitable to accommodate the rise and fall
of the trolley wire between the limits of 14 ft. and 22 ft.
above the rails. This type of trolley requires little attention,
and the brass cylinders show an average life of about nine
months on cars making 250 miles a day.

POWER STATION

The power station which furnishes current for the operation
of all of the *“Key Route” trains is located close to the right-
of-way near the shore of San Francisco Bay. This station
lately has been enlarged. It is an attractive brick structure,
and its interior presents a unique arrangement in that there is no
dividing wall between the boiler and the engine room. The
generators are all General Electric d.c. railway-type machines
direct driven by Corliss engines. These units include one 850-
kw generator and Pennsylvania Iron Works engine; one 600-
kw generator and St. Louis Corliss engine, and two 1600-kw
generators with Hamilton Corliss engines. The battery of
Babcock & Wilcox boilers which furnishes steam for the en-
gines is fired with fuel oil drawn from either of two 35,000-
gal. steel tanks located in the power station yard. An import-
ant part of the power station equipment is a 1500-amp hour
Electric Storage Battery Company's chloride accumulator,
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which serves a very useful purpose in furnishing “‘peak’ cur-
1ent when several long trains are operating close together on
their way to the ferry terminal.

A system of identification colors for all pipe lines in the
power station, shops, steamers and plants of the ‘““Key Route™
and Oakland Traction Company is consistently followed out,
and when familiar with this scheme it is easily possible to tell
the part of the piping system to which any section of pipe 1s
connected by means of its identifying color. The accompany-
ing table shows the colors for piping and pipe fitting used
for the various pipe-line services.

CAR-BUILDING AND REPAIR SHOPS

All of the car-building and repair work for both the Oak-
land Traction Company and the “Key Route’ is done at the
Emeryville shops of the Oakland Traction Company. These
shops are located on the main line of the “Key Route,” close
to one of the principal city lines of the Oakland Traction
Company. The shop buildings are constructed of structural
steel frames covered with corrugated iron. The group of
buildings includes a machine shop, carpenter shop, erecting
shop, foundry, blacksmith shop, storehouse, paint shop, and
car house. Cars may be handled in and out of the buildings
either on a transfer table or by switch tracks.

In connection with the extensive foundry work necessary in

PIPE LINE IDENTIFICATION COLORS

Colors of
Colors Bands, Coup-
Pire LiNEs of lings, Flanges,
Pipe Valves or
Fittings
Steam, 100 lb, and over. White,
Steam. 100 th. and less. Rlack.
Steam. atmosphere for’ Aurora red.
Exhanst to condensers,. Buff.
F.xbaust to atmospher Aurora red.
WEGUNE R 00 0.0 00000500 0 2 u ue,
Drips and drains, ateam line ... .. s ale | White.
Drips and drains, air pipes and tanks........ Bl e e Light blue.
Blow-off from I\e'nere hoilers, ete...oovvue.. Black......... Orange,
Overflows from hemer, holwell, etCocui s ssmaas Black:.. 0. Aurora red.
Drains from erank pits.. ..o i iiiie e Black......... Black,
House and roof drains.......ooooviiinenn.. Black... . .: .05 Black.
Water, Cold, city supply or other ekternal
O 900 0 0o s BB S 0L 6 603 veeeee.s Dark green.....{Dark green,
Well; cisternmor tank. se o omss s smes s Light green. .. .|Light green.
Hydranlic supply under pressure for
lifts, ete ... e Light green. ...|Yellow.
Discharge from lifts. ete.:.om: s ames Light green. ...|Aurora red.
Cooling to engine bearings and jackets, nght green . .. .{Light green,
DEIOKINT . oo o eieie o s oinie oo onsioie 60 o green.....|Dark green.
Lavatorics, hasin, sinks, ete.......... Aqht green. ...|Aurora red.
Five lines and tanks,........ 5000 aoh Vermiliou...... Vermilion.
Salt supply and intake,. T L Slate.
Salt NiScharge .z e o o o e o o 5w o Slates caw v s 6w Aurora red.
‘Water, Hot, from hot wells, heaters to pumps,
eCONOMIZEra, €10 .. ovvuisverenanen Orange: s s ow s White.
Returns from bearings and jackets.... Orange........ Black
From condenser to air pump..... ve...|Ovange........ Orange.
At pump Lo hiotwell, ; :coe s s svew o s s s o Orange i s . we s Aurora red,
Hot to lavatories, hasina. ete........ Orange........ Light green.
Cylinder oil to high pressure evlinder.......... Aurora red.. ... [Aurora red.
Cylinder oi) to low pressure eylinder. . ... «.... Aurora red.....[Aurora red,
Cylinder oil to anxitiary pressure cylinder.. .. .. Aurnm red.....]Aurora red.
Eugine oil to hearings.....ooivvviiievessa. . Aurora red... . .|Aurora red.
Enungine oil from bearings......... P vv...|/Aurora red.. ...|Black,
Fuel oil.... it Dark brown,...|Dark brown.
Air, Compressed for tools, ete.. .oovvveneennn. Light blue. ... :{Light blue,
T OW: PrERSINIL . o et o v wmeres o o oiwisi o o o eeveoodDark blue......jDark blue.
Ventilator, fresh eold................... Azure blue.....|Azure blue.
Ventilator: vitiated o sooee s s s s o oo o s sh 2 Azure blue.. .. .|Black,
[T vevererseeseseo.. Light brown,,, |Black,
GRAGI NG s o5 5.5 & 5 6050 05 8 a5 § i veesseeees Light brown,,. .|Light brown
TEleotivve OCES%: wose 158 526 4 3 btess § 55 102 5 5 & 00 & 5 BA0W Light vellow.. .[Vermilion.
R S ) A B et G s L G B o 6 B o Light brown,,. .|Vermilion,

Nore.—Stencil an arrow on pipe at suitable places showing direction o
flow in the pipe. Arrow to be black or white.

making all car parts, a Schwartz 60-in. melting furnace re-
cently has been installed in the iron foundry. This furnace is
charged by means of a special carriage designed and built in
the company’s shops. The carrage is supported on two pairs
of wheels, so that it may be moved along a track extending
from the pig-iron storage space outside of the foundry to the
mouth of the furnace within the building. The charging car
is built of structural steel and has a charging hopper which or-
dinarily rests in a horizontal position while being loaded, or
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while transporting the charge of iron. When the car is placed  cars operated in the company’s train service and have bodies
in front of the furnace the charging hopper is dumped by of similar design to those of steam railroad coaches, with the
power through the medium of a 12-in. air cylinder. The use exception of the vestibuled platforms, which are 6 ft. 8 3-4 in.
of this car saves a considerable amount of labor in charging long and subdivided by a stanchion. The new cars complete
the furnace. weigh 60,000 Ib. each, and have a seating capacity for 88

CAR CONSTRUCTION passengers. ©he cars, including all castings and trucks, were

All of the regular car equipments of the Oakland Traction designed and built in the Oakland shops. Each car body is
Company and the “Key Route” are designed and built in the mounted on two M. C. B. type trucks with 36-in. 912-lb.
company’s shops. During the past year these ~ i |
shops have constructed 20 34-ft. 6-in. closed- /:‘*;_‘ ]
body city passenger cars for the Oakland [
Traction Company, and 16 96-ft. 3 1-2-in.
steam-coach type trailers for the %Key
Route.”

Each of the 20 Oakland street cars built
during the past year is 48 ft. 2 in. long with
5-ft. 7-in. platforms. The body is 9 ft. 8 in. high, {2 Midvale rolled-steel wheels. It is stated that a saving in
ft. high from the rail to trolley board and 9 ft. wide. weight of 536 Ib. per car is made by the use of this wheel over
A view of one of these cars on the shop transfer table the weight for steel-tired wheels with cast-iron centers used on
1s presented in Plate XXXVII. These cars are mounied some of the other equipments.
on M. C. B. type trucks built in the company’s shops. This As the new cars are to be operated in trains of four or more
truck carries two GE-70 A-4 motors on 5-in. axles with 34- uniis, they are provided with end doors and Gould standard
in. wheels. The seating arrangement of the cars includes a steam railroad spring buffer platforms and couplers. The
smoking section 11 ft. 3 1-16 in. long with longitudinal seats coupler anchorage is carried back to the end body sill and
and a general section 22 ft. 5 9-16 in. long with 18 Hale & there riveted to the two 7-in. I-beams which form the center sills.
Kilburn seats. The main stresses in the underframe of the A view on Plate XXXV shows the interior of the erect-
car are carried by steel sections, and the platforms are sup- ing shop during the construction of these cars. The bodies of
ported by structural steel knees ticd to the ends of the steel the cars are 8 ft. 9 1-2 in. wide. and are subdivided into 10
side sills, which are supported by truss rods. The extreme window panels with fixed double sash. On account of the
plaform overhang trom bumper to truck center is 13 ft. 1 1-4  short run in this service it is not necessary to build the side
framing consiruction so that the windows will
raise, and this practice is desirable, not only
on account of economy in construction, but
- > g Rivets io @ apyremrews also on account of the narrow clearance in
'iii[:m_‘ mﬂgvﬁ s 1O Rivts 2 some of the city streets. The interiors of the
P B T o Tt | M|, car bodies have green tinted ceilings and are
' ‘ finished in natural mahogany. Deck sash also
are fixed, and each car is fitted with four 10-

Vestibote ¥looriag ! in. Globe ventilators to remove the vitiated air
£ [ Cova bieee 1T ' i from the upper portion of the car. The air-
brake equipment on all “Key Route” cars is
the Westinghouse standard railway passenger
type, with a line of piping and hose for whistle
signals.

The long platforms have no side doors, and
e —] to provide against accidents gates are hung
D.S. G305F. over the steps on each side. These gates are

made up of heavy mesh in channel-iron frames
| and are supported on roller trolley carriers so
: that at stations the trainmen may slide them
| back along the sides of the cars. The in-
; teriors of the cars are illuminated by four in-
i candescent arc lamps, operated fwo in series,
} and the platforms are illuminated by a group
!
1
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of six incandescent lamps in series, two placed
B in the hood and two under the stanchions just
l above the steps. A 350,000-circ. mil power
cable is carried throughout the length of each
car and provided with couplers.
in. and the distance between truck centers is 22 ft. The de- The wrecking equipment of the **Key Route” and QOakland
tail features of this type of car and its equipment are presented Traction lines includes a 40-ton capacity of self-propelling
by accompanying reproductions from car equipment record steam wrecking crane weighing 140,000 Ib., manufactured by
cards, which are types of similar records kept for all cars the Bay City Industrial Works, and a wrecking tool car with
owned by the company. a 30-ft. body 8 ft. wide mounted on a floor structure 46 ft.
The 69-ft. 3 1-2-in. trail cars for the ““Key Route’ service, long. The electrical equipment of the tool car includes two
of which an order of 16 is just being completed in the shops, GE-66 motors with multiple-unit control.
follow in general design the former type of trail and motor The emergency equipment of the tool car is very extensive,

|
|
|
[
|
|
|
|
|
I
|
[

|
i

|
| |
| |
r )
| i
| |
| i
I
y

_______________ ed

End Elevation
Oakland Electric Railways—Details of Motor Car Draft Rigging
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and was listed in the ELECTRIC RAILWAY REVIEW for June
29, 1907, page 866. In general this equipment includes rope
and tackle, lashings, steel hoisting cables, slings, blocks, chains,
chain fittings, jacks, replacers, carpenters’ tools, track tools
and supplies, machinists’ tools, overhead tools and supplies,
miscellaneous roadway and car appliances, parts and supplies
and first-air emergency packages, medicines and surgical sup-
plies. An extra truck with an adjustable bolster is carried on
the extension of the car platform and skids are provided so
that this truck can quickly be lowered to the track. The two
trucks on which this car is carried are of the M. C. B. type
with steel-tired wheels. One motor is mounted on each truck
and a pair of connecting rods distributes the torque to all four
wheels of the truck. The car wheels are counterbalanced with
approximately 65 lb. of lead placed between retaining plates
riveted together between the spokes opposite the crank pins.

The steam wrecking crane and the electrically operated
wrecking tool car are kept at the Emeryville shops in such a
condition that they are always ready for service. The shop
foreman has charge of the service performed by this equip-
ment, and after the use of the equipment enters the details of
the accident in a log book kept in the small office in the wreck-
ing tool car. He also turns in a complete accident report. A
steam locomotive used in freight switching is always available
at night in the shop yards for hauling the srecking equipment
to the scene of a wreck, and thus this entire equipment can be
used, even though the trolley may be down.

S

THE 1200-VOLT INTERURBAN DIVISION
OF THE CENTRAL CALIFORNIA TRAC-
TION COMPANY

tion Company is unique in that it was the first road

in this country to be operated with 1200-volt d. c.

motors and generators. Current at this high voltage is
generated in substations with induction motor-generator sets
and is distributed to the cars by an under-running protected
third-rail. The 1200-volt equipment was first operated in
June, 1908, and has shown remarkably good results since
that time.

In March, 1906, the Central California Traction Com-
pany began operation with a 10-mile city line in Stockton,
Cal. The present interurban line between Stockton and Lodi,
15.4 miles, was built by the company and put into service in
September, 1907.  Between the limits of these two cities
the track is practically level and is laid on a private
right-of-way 100 ft. wide. There are few curves and only
one bridge. The road traverses a level valley noted for
its highly productive farms. The route passes through orch-
ards and vineyards for its entire length. All of the neigh-
boring country is under intensive cultivation and is irrigated
with water supplied either from windmills, gasoline engines
or electrically driven pumping plants. Stockton, the southern
terminus, has a population of 25,000 and Lodi has a popu-
lation of 2500. The company is now building some track
in Sacramento, 50 miles north of Stockton, and the interurban
line will be extended from Lodi to Sacramento during the
coming year.

The present interurban division from Stockton to Lodi
has a substantially built track, laid with 75-1b. rails, tie-
plated, and bonded with the Ohio Brass Company No.
0000 soldered bonds. Native redwood ties, ballasted with
gravel, are used. All passing sidings are stub-end and are
so laid that southbound trains always head in. The turnouts

T HE interurban division of the Central California Trac-
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are located on the side of the track opposite the third-rail,
thus avoiding unnecessary breaks in the continuity of the
rail and third-rail jumper complications. A line of square
redwood poles, 26 ft. high, carries a pair of No. 10 copper
telephone wires, connected with instruments mounted in
booths, at each siding.
THIRD-RAIL CONSTRUCTION

The third-rail construction, which is illustrated on Plate
XXXIX, is of special interest on account of the high voltage
carried. The conductor rail is the standard 40-lb. section of
crdinary track rail steel, held in an inverted position by semi-
porcelain insulating blocks clamped to the tops of the malleable
iron brackets with steel T-bolts. Ties 10 ft. long are spaced
12 ft. apart to carry these brackets. The third-rail joints are
made with ordinary four-bolt fishplates and are bonded with
Ohio Brass Company No. 0000 ribbon bonds soldered to
the base of the inverted rail. The conductor rail is enclosed
in a cover made of two pieces of 2-in. x 4-in. and one piece
of 1-in. x 6-in. redwood, milled to fit the web and base of

the rail. This protecting guard completely covers the top
of the rail between the porcelain insulating blocks at the
RO S—
g

Insulator Block —

i Top of Running Rail - -
"“ Malleable Iron
| ; Braecket
e
; -
1 / a
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Central California Traction Company—Third Rail Support
and Protection

brackets. A chart is presented showing the voltage drop
along the 1200-volt third-rail and the 1200-volt trolley in
Lodi.

The continuity of the third-rail is broken at highway
crossings and the electrical circuit made complete with
400,000-circ. mil rubber and lead-covered copper cable jump-
ers laid in 3-in. fiber conduit and anchored in concrete at the
terminals.

The cost of the third-rail per mile of single track, com-
plete and including cables, is given as follows:

Malerial (tolal), including brackels, bonds and cables de-

FIVETED i s oo o506 5 6 05 605 80 0 0 0500 5 5 555 6 o0t 60505 6wy § B S $2,748.70
Labor—

EoreCtION  5o6v 55 s ovs s 68 5 55 540 8 615 5 5 09§ 1 ¥ 968 6855 5§ 2 6B 8 240.00

Bonding: cosmsim s wemsme oms s ms 5a 80w s 5 50 555 R SH 1 24.00

Cable crossings. ......oovvninimnimiiiaiiiiiieienn. 92.60 .

Wooden covering.......ouvneieenunnennannneennnenns 181.00

Shop work on rail ends, etc.......... ... ... .. .. 12.40

Tl AL TEE IS, + 2 v e s e oo e m oo $3.298.70
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OVERHEAD TROLLEY

Within the city of Stockton and for a short distance in
Lodi, where the track runs in city streets, 600-volt current
is conveyed to the cars through a catenary-supported No.
000 grooved trolley. Views showing the general character-
istics of this overhead work are presented on Plate XI. The
messenger cable is 3/8-in. galvanized steel-supported in 120-
ft. spans, either by angle-iron brackets or cross suspensions of
5/16-in. stranded cable. On straight track five trolley hang-
ers are used in each span.

POWER SUPPLY

Power is purchased from the transmission system of the
American River Electric Company, which operates a water-
power plant at Placerville, about 80 miles from Stockton,
and transmits current at 44,000 volts. This company also
has a steam relay station located on the river front in Stock-
ton. The equipment of this station includes three oil-burning
B. & W. boilers, one 1500-kw 2200-volt Curtis turbine
generator, one 600-volt 400-kw motor-generator set, and
one 1200-volt 500-kw motor-generator set. Switching and
transforming apparatus also is provided so that the turbo-
generator may be operated in parallel with the water-power

N 2.9 Ay
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completion of the extension from Lodi to Sacramento, feeds
9 miles in one direction and 4 miles in the other. The
substation equipment is housed in two galvanized iron build-
ings, one containing the 2200-volt-1200-volt induction-mo-
tor-generator set with its switching apparatus, and the other
enclosing three 275-kw water-cooled, oil-insulated General
Electric transformers, which step down the current from the
transmission pressure of 44,000 volts to 2200 volts for use
by the induction motor. The switching equipment of this
station is characteristic of many California plants.

An illustration on Plate XXXVIII shows the horn type
air-break line switch mounted on poles in the open air. This
switch serves to disconnect the entire substation equipment from
the high-tension transmission system. In series with the open-
air switch is a Kelman oil switch connected on the high-
tension side of the transformer. The machine switches are
the ordinary three-pole single-throw oil-break type used
in connection with a compensator for starting the 500-kw
three-phase induction motor, which drives the 1200-volt Gen-
eral Electric interpole generator. The output of the gener-
ator is fed to the third-rail through a line switch, a choke
coil comprising 10 turns of iron rod wound around a wooden

core and an I. T. E. circuit-breaker. It is
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Central California Traction Company—Chart Showing Line Drop'in 1200~
Volt Third-Rail and Trolley Between Stockton and Lodi

plant and assist it in handling the load on the 44,000-volt
transmission system.

In connection with the entire electrical equipment of this
road it should be remembered that all the generating ma-
chinery and motors are satisfactorily operated with 1200
volts across the commutator and not with two 600-volt ma-
chines connected in series. The 1200-volt generator in the
power house is an interpole machine driven by a 2200-volt
induction motor. It is so arranged that it can be operated
with half excitation to deliver 600 volts to the local railway
or at full excitation to feed the interurban line over an inde-
pendent feeder, which is regularly used as a part of the
local 600-volt trolley network. The 600-volt motor-gen-
erator set is used to supply current to the local street cars of
the company.

SUBSTATION EQUIPMENT

The entire third-rail section ordinarily is fed with 1200-
volt current from one motor-generator substation, located
11.5 miles north of Stockton. This station, pending the

have the same equipment as the passenger cars
with the addition of automatic air-brake equip-
ment. The cars were built by the American
Car Company. The passenger cars seat 56, are double-
ended and weigh 38.56 tons without load. The mo-
ior equipment consists of four General Electric No. 205,
1200-volt, 75-hp interpole motors with type M con-
trol. Westinghouse schedule S M E air-brakes are used
on the passenger equipments. The car bodies are mounted
on the American Car Company’s M. C. B. type truck.
The gear ratio for passenger-car motors is 23 to 51
and for express motors 16 to 58. The efficiency
curves of these motors are shown in an accompanying en-
graving.

On account of the very high voltage at which these
cars are operated all of the wiring has been laid out and
installed with particular care. The auxiliary apparatus is
supported from an angle-iron subframe mnsulated from the
main car frame and all the cables and wires are carried
in loricated conduit. This plan of subframe support has
two advantages—it does away with the cutting and weaken-
ing of the car under-frame and it makes thorough insulation
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easily possible. The general arrangement of the third-rail
current collecting shoe and its support is shown in the ac-
accompanying engraving. Steel shoes are used and those put
on the cars when operation was begun are still in service.
The shoes are supported and insulated by wooden beams, car-
ried on the truck equalizer bars. Current is carried from
the shoe through a nearby fuse box to the car circuits.
The fuse box, which is made of horn fiber, contains a ribbon
fuse and is fitted with blow-out coils to extinguish any arcs.

1200-vOLT MOTORS

The motors operate with 1200 volts across each commuta-
tor while the car is running on the 1200-volt third-rail sec-
tion. In Stockton, where the motors are fed with only 600-
volt current, they operate at half speed, or a maximum of
22 m.p.h. A dynamotor supplies 600-volt current for the
operation of the control system while the car is running
on the 1200-volt section. The dynamotor is a small motor
with an armature having two commutators and two sets of
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Curves for 1200-Volt Passenger and Express Car Motors

colls wound on the core. The coils which are connected
to the 600-volt commutator are placed in the bottom of the
slots, and those connected to the 1200-volt commutator are
wound on top of them. The rated capacity of the dyna-
motor is 10 kw. It is hung from the subframe under the
car body and is said to operate satisfactorily and to re-
quire very little attention. The electrical control equipment
includes an electrically operated transfer switch to connect
the power-supply cable with either the trolley base or third-
rail shoe. Two contactors, mounted in a box next to the
dynamotor under the car body, serve to change the control
and dynamotor circuits for either 600-volt or 1200-volt
operation as the car passes a 120-ft. dead section in the
trolley line. One contactor is wound for 600 volts and the
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other for 1200 volts, and only one is closed at a time. The
operation of changing over Is entirely automatic, except that
one switch must be thrown by the motorman when entering
the live section beyond the dead section at either end. The
change is made while the car is running at full speed.

This unique electrical equipment, including the 1200-volt
motors and 1200-volt generators, has operated satisfactorily
and with remarkably few pull-ins during the past 18 months.
The commutators of the motors show less wear than that
ordinarily found on 600-volt motors performing the same
service, and some of the brushes installed at the beginning of
operation are still in service.

SERVICE

The regular schedules of the interurban line of the Cen-
tral California Traction Company include one car each way
every hour from 6 a.m. to 11 p.m., except the hours of 8
and 10 p.m. On Saturday and Sunday the headway is
shortened to 40 minutes between the hours of | p.m. and
7 p.m. The round-trip rate between Stockton and Lodi is
50 cents and the one-way rate 35 cents. Special commuta-
tion and other tickets are sold at reduced rates. All fares
collected on the cars are registered on Ohmer fare registers.

During the year 1908 the road handled about 25,000
passengers per month, and had freight earnings averaging
$1,000 per month. About half of the freight business is
in carload lots. The following table shows the costs of pas-
senger operation from January to June of the present year:

StockTonN-Lop1  PassENGER ServicE—]JaNuary To Jung, 1909,
INCLUSIVE
GrOSsE CATMINES e 6.0 o 5.8 s o5 514 505 50059 64 50 5 506 o1 6 B8 & 5 $24,822.00
Car milesics.cm.spensmsnsmmemes o e s o e 3 oms s 93,161
Eamings per car mile o o aw s oo s s 5mis me s s s s 516 8 $0.267
Total passengers carried........covveenieuiennneennnns 137,510
Trainmen's Wages.......voueeienereeneeernenennanans $3,325.00
Trainmen’s wages per carmile..............covueenn.. 0357
Cosl of POWer. . .uuu e iiiieiieraeenannenssnannns 4,375.00
Cost of power percarmile......ovviiiiiiieiiinniiene 047
Maintenance (car bodies and trucks) per car mile........ 0125
Maintenance (electrical equipment) per car mile......... 0083
Mainlenance way per car mile..........covvienninnns 025
Substation wages per car mile...........oiiiiieiinann 0131
Cleaning cars per carmile...........vvviiiieeeinnen .0018
General shop expense per carmile............ee0vvunn. 0026
Maintenance (subslation line, third rail) per car mile..... 0041
General expense per car mile.........c..iviiiiienannn. 0114
Operating expense per car mile (total)................. .1605
Operating ratio. ... ..oveeernevneeroneesnnsaneeesanss 60%

FREIGHT AND EXPRESS

A local express service is given and through freight is
handled in connection with the steamers of the California
Navigation & Improvement Company, running from Stockton
to points on San Francisco Bay and the San Joaquin River.
A through tariff is published for this service. The following
tables give the monthly average costs of handling freight,
both carload and express, for the year 1908:

CarLoAD FREIGHT Service

Gross eamings. . o.ovvveeeeeutneeeonnoneeonenonnnennnn $455.00
Ton miles...ueuieineineneieennennnneninnennannns 6,726
Freight car miles. .. ..ot 1,000
Locomotive miles. . ...oovieutniiiiiiniiiiinneennnn. 443
Earnings per lon mile .............iiiiiiiiiiina.... $0.0676
Eamings per locomotive mile.................... R 1.02
Tralnmen's WaRess ¢ sis auis s s s 661606 o 5 o (6 510l i o lat o ohel opdl 88 59.50
Trainmen's wages per lon mile............ccoeiuunn... 0088
Trainmen's wages per locomotive mile................... 134
BBower  cOst. s niver s momesn s m e ot i 5 o £ el 5 1 P 15.80
Power cosl per lon mile........cooviiiiiiinnnneennnnn. 0023
Power cost per locomotive mile...........oovvvuvrnnn.. .035
Other charges (maintenance, etc.) per lon mile............ 0078
Other chargcs (maintenance, etc.) per locomotive mile. .. .. 118
Total operating expense per ton mile.................... 0189
Total operating expense per locomotive mile.............. .287
OPerating Talio. ..vvveveennreeeeennnneeeennnnnerannns 27.9%
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Express Car FreicHT SeErRvicE—L.C.L. FRreicHT

Gross €amings. .. oouvversvnrnnrnreneeneeernnnronenens $419.00
Express car miles.......ooviiiiiiinniiinnn... 851
Tonmiles, . ovveineiniiniiiiiiiiiiiiiiniiiaeinn, 4,642
Eamings per express carmile..........covovvinnvnnn. .. $0.492
Earnings per ton mile.......oooviiiieniiiivnnnnn.nn. .0902
Tralnmen’s Wages. i o oieseossssossisosssonsnsoassoone 125.00
Trainmen's wages per express car mile.................. .1469
Trainmen's wages per ton mile........ccviivunine..on. 0269
POWEr COSY x4 o ¢ 16w 5w s 6 016 56w 3 36 o 805 0 5 s i 0 5 29.60
Power cost per express carmile........................ .0348
Power cost per ton mile....... ...cooiiiiiiiiinnal, .0064
Other charges (mainlenance, etc.) per express car mile..... 1733
Oither charges (maintenance, elc.) per ton mile............ 0318
Total operaling expense per express car mile.............. 3551
Total operating expense per ton mile ........vuvvvnn.... 0651
Operating ratio. . v.veurvneuneerrennenroneennsneennens 71.8%

The freight service bears its proportion of all general ex-
penses, of maintenance charges, substation charges, track
maintenance, etc.; substation charges are proportioned to the
power used; track maintenance to the ton-miles operated.
Practically all the carload freight handled by this road is
grapes and in the three months of September, October and
November, 1908, 250 cars of grapes were handled for the
Eastern market and 500 cars were delivered to local wineries.

V'S

NORTHERN ELECTRIC RAILWAY
THE Northern Electric Railway Company operates

the longest third-rail line in the West. This road,

since 1906, has increased its mileage from a di-

vision of less than 25 miles to a system embracing
130 miles of standard-gage third-rail track. The principal
city on the line and the southern terminus is Sacramento, the
capital of California. From Sacramento the line extends
north 41 miles to Marysville, thence about 30 miles to Oro-
ville Junction and from there 20 miles to Chico. From
Oroville a branch 5.5 miles long connects with the main
line. Local service is operated in these cities.

The district which this road serves derives its support
from the exceedingly fertile valley of the Sacramento River,
along which the route of the railway extends. A fast service,
including trains, which make the 90 miles between Oroville and
Sacramento in three hours, is operated with large interurban
cars run in multiple-unit trains. The company has developed
a large freight traffic, the trains for handling which are hauled
by 41-ton electric locomotives.

The principal constructional features of the Northern Elec-
tric Railway were described in the ELECTRIC RAlLwAYy
REVIEW for June 8, 1907, page 738, and a map of the
route was then presented. Since that time the construction of
the company’s cars was described and illustrated in the
ELECTRIC RAIlLWAY JoURNAL, for Oct. 31, 1908, page
735, and the design of a new concrete substation was pre-
sented in the issue of Oct. 24, 1908, page 1249. The latter
two articles were written by J. P. Edwards, electrical and
mechanical engineer of the company, to whom acknowledge-
ment is made for a part of the following information descrip-
tive of new features.

ROADWAY

The roadway of the Northern Electric Railway passes
through a level valley and therefore the track was easily
constructed, so that high speeds can be made. Outside of
the towns the private right-of-way varies in width from 80
ft. to 100 ft., and in Sacramento the right-of-way extends
close to the center of the city. There are few curves on the
main line. In the 50-mile run between Chico and Marys-
ville, there are only three curves outside of the city limits,
and none of these is sharper than 3 deg. The maximum
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grade on the entire road is 0.5 per cent. Standard steam rail-
road construction with 60-lb. rail is followed. The track rail
joints are bonded with two 500,000-circ. mil Chase-Shaw-
mut soldered bonds and the third rail, which weighs 60 Ib. to
the yard, is bonded at each joint with two 250,000-circ. mil
Chase-Shawmut soldered bonds. At highway crossings
the ends of the third-rail are connected with 500,000-circ.
mil copper cables enclosed in bituminized fiber conduit and
buried underground.

Current for the operation of the cars is received from the
Pacific Gas & Electric Corporation’s transmission lines, which
are fed by numerous hydro-electric plants. Alternating cur-
rent at 60,000 volts is delivered to the Northern Electric sub-
stations located approximately 10 miles apart along the line.
The selling company owns the step-down transformers at the
substations and sells current to the railway company at 2,200
volts pressure. When the road was first put into operation
and during the construction of extensions, two portable sub-
stations, each of 400-kw capacity, the product of the railway
company shops at Chico, were used. These substations receive
current at 60,000 volts and feed 600-volt direct current to the
third rail. The total weight of one of the substations with
equipment ready for operation is 90,500 Ib. Screw jacks
and anchors are attached to the sills of the cars so that the
weight of the body and machinery may be lifted from the
springs enough to make the floor level.

The design of the Nicolaus substation, a reinforced con-
crete structure 53 ft. 6 in. long and 28 ft. 6 in. wide, is
typical of the thoroughness with which the entire construction
of this road has been carried out. This substation, as stated,
was described in the issue of the ELECTRIC RAILWAY JOUR-
NAL for Oct. 24, 1908. In the building are the high-tension
parallel switches of three transmission lines, step-down trans-
formers, substation equipment consisting of two 400-kw motor-
generator sets and the controlling switchboard. Separated
from the substation proper by an iron railing are a passenger
waiting-room and ticket office.

ROLLING STOCK

The main shops for the construction and repair of rolling
stock equipment are located at Chico. A general view of
these shops and the material yards in their rear is presented
on Plate XLI. The buildings in this group include a general
car house and repair shop with six tracks, a paint shep, car-
penter shop and a blacksmith shop. The rolling stock equip-
ment includes 42 passenger cars, 5 electric locomotives, 3
steam locomotives and 400 freight and miscellaneous cars.

The latest design of construction for passenger and baggage
cars operated by this road was presented in one of the articles
by Mr. Edwards. These cars, of which six recently have
been completed in the Chico shops, are of the double-end com-
bination smoker, baggage and express type, which is standard
on this road. They are designed for operating in trains and
are fitted with M.C.B. couplers, spring-buffer platforms and
multiple-unit control. The bodies, which are 55 ft. 4 in. long
over vestibules and 9 ft. 2 in. wide over sheathing, are
mounted on Baldwin No. 200 trucks with 36-in. Standard
rolled-steel wheels and 6-in. straight-turned axles. Each truck
carries two Westinghouse 121 motors with a gear ratio of
24:51. The air brakes are the Westinghouse automatic
schedule AMM with quick release and recharging features
and a D-3 air compressor, which also furnishes air for the
Westinghouse unit-switch multiple-unit control system. These
cars have a seating capacity of 30 in the smoking compart-
ment, which occupies practically half of the car body. The
other half of the body serves for baggage and express and has
a small mail room partitioned off in one corner. As the cars
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are designed for operation in trains the non-smoking passengers
are carried in trailers at the rear. The total weight of a
car is 80,500 Ib.

The miscellaneous rolling stock equipment includes five
electric locomotives, three of which weigh 32 tons and two
41 tons each; one 15-ton wrecking car with two cranes; 220
40-ton M.C.B. flat cars; 30 side-dump ballast cars, and 110
box cars.

STATION BUILDINGS

The operating headquarters of the transportation depart-
ment are in a large combination office and station building at
Chico. A store building is used as a terminal at Sacramento
and at each station along the route frame depots of at-
tractive design have been erected. A number of shelter sta-
tions of the design illustrated on Plate XI.I has been built
at the principal highway crossings along the route.

Shelter stations of this type are 12 ft. 6 in. x 19 ft. out-
side of the walls, and have a roof projection of 2 ft. 4 in.
on all sides. The walls are built of hard-burned brick to a
height of 2 ft. 6 in. above the floor, and the roof is supported
by 10-in. x 10-in. posts on the sides and 10-in. x 14-in. posts
at the ends. The roof is shingled and is capped with a gal-
vanized iron ridge carrying ornamental pieces at either end.
Every second course of shingles is doubled with a 1-2 in. x
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l-in. furring strip laid under the edge to give a rough effect
to the roof. The end walls above the plate are finished with
2-in. x 8-in. panels. Within the brick enclosure a floor of
concrete is made level with the outside platform, which is
laid 12 in. above the tops of the running rails. The side walls
extend down to the natural ground level and the inside is filled
and tamped before the floor is placed. An 8-ft. 6-in. open-
ing is left for the doorway on the side facing the track and
seats extend around the full length of the interior. The wood-
work is stained throughout with a brown shingle stain and sta-
tion signs are hung in the angles of the gables.

At the corner of each station and in full view of the track
is placed a semaphore signal which may be operated by de-
pressing a lever, which In turn, raises the semaphore to a
stop position, and also completes a circuit through a bank of
green and white lamps. The semaphore blades are painted
green and white and will fall to normal position when the
lever is released. One of the shelter stations with a 100-ft.
passenger platform, signal post, etc., complete, costs about
$450.

All of the shelter stations are located on the right-of-way
and are on the side of the track opposite the third rail. At
road crossings cattle guards are placed in line with the wing
fences and a gate is provided for the entrance of passengers.



ELECTRIC RAILWAYS AT LOS ANGELES

TRANSPORTATION FEATURES OF THE
PACIFIC ELECTRIC RAILWAY

i OS ANGELES, Cal., has a population of 307,302

and is remarkable for its substantial growth. The
rapid progress made may be attributed largely to

the very excellent electric railway transporta-
tion service given by the street and interurban electric
lines. Electric railway service is given Los Angeles
and its environs by the following roads: The Los An-
geles Raillway Company with 218.6 miles of 3-ft
6-in. gage track, largely within the city; the Pacific

Electric Railway with nearly 600 miles of interurban
track radiating to the north, south and east; the Los Angeles-
Pacific Railway with 260 miles of track serving the district
and ocean shore west and northwest of Los Angeles, and
the Los Angeles & Redondo Railway with 84.3 miles of
track between the city and the ocean shore to the southwest.
All of the interurban trains operate into the heart of the city
and many of them carry local passengers. The Pacific Elec-
tric Railway operates more than 1800 trains a day, practi-
cally all of which enter or pass the company’s large terminal
station in Los Angeles. This station occupies the entire first
floor of the raillway company’s large office building at Sixtlt
and Main Streets.

The general roadway construction standards of the Pacific
Electric Railway were presented in the ELECTRIC RAILWAY
REVIEW for Aug. 31, 1907, page 245.. The maintenance
of the track, roadway and building department is in charge
of the assistant general manager, whose organization in-
cludes three roadmasters and 38 track section foremen. On
level ballasted road the sections have as high as 20 miles of
track, but on the Alpine mountain road the section is only 5
miles long. A supervisor of bridges and buildings has charge
of the maintenance of all such structures. ,

The general designs of the track and roadway structures
closely follow steam railroad standards. Almost without
exception the lines are built with double track and are laid
with low grades and long-radius curves.

A most important part of the track of this large system is
a l4-mile four-track entrance to the city of Los Angeles,
built on a private right-of-way reaching to within a very short
distance of the terminal station. This four-track route affords
a high-speed terminal entrance for the four double-track di-
visions which extend south and southeast of Los Angeles to
Whittier, Santa Ana, the ocean beaches and to the port of
San Pedro.

The maintenance of way department closely supervises the
amount of work performed by its section and track gangs.
The roadway is divided into 30 sections and there are eight
extra gangs with a total of about 250 men at work continu-
ously on extensions and improvements. By means of a large
chart ruled with spaces for making entries opposite the name
of each section foreman for each day of the month, it is
possible to see conveniently whether the total number of hours’
work by any one gang or all of the gangs exceeds the fixed
amount which it is decided shall be spent during the month.
In addition to this method of checking the number of hours
worked daily by each gang, the section gangs are checked
frequently by a traveling timekeeper, who also checks the extra
gangs twice each day.

The maintenance of way department is now rebonding all
of the company’s tracks with electrically brazed bonds. Two
bonding cars supplied by the Electric Railway Improvement
Company, Cleveland, Ohio, are being used in this work. An
experimental tie-treating plant recently has been installed.

INTERLOCKING PLANTS

Wherever the tracks of the Pacific Electric cross intersect-
ing steam lines interlocking plants have been installed. The
plant at Oneonta, on the Pasadena branch of the Southern
Pacific, has a 16-lever machine installed by the Union
Switch & Signal Company. At Amoco, on the 4-track di-
vision, and within the city limits, where the Southern Pacific
Railway’s double-track line to Santa Monica crosses the
four-track line of the electric railway, is an electrically oper-
ated interlocking installation built by the General Railway
Signal Company. This installation has 40 levers, of which
30 are working levers. At Slauson Junction, where the
Redondo line of the Santa Fe Railway crosses the four-
track Pacific Electric line and also where the two-track
division of the Pacific Electric to Whittier leaves the
four-track line there is a 50-lever interlocking installa-
tion with 40 working levers. The design of this installation is
the same as that at Amoco. In 18 hours, for regularly
scheduled electric trains only, the Slauson interlocking plant
averages between 1,800 and 2,000 signal movements. The
plant is so well designed and maintained that it frequently
cperates for 90 days without a single failure. At Dominguez
the operation of trains to and from Los Angeles, San Pedro
and the ocean beaches is controlled by a manual interlocking
32-lever machine installed by the Union Switch & Signal
Company. The crossing with the Southern Pacific system
at this point 1s also protected by this interlocker.

The southern end of the four-track route is at Woatts.
From this point two tracks extend to Santa Ana and two to
the ocean beaches. Until recently it was the practice for all
through trains to stop at Watts for local passengers from Los
Angeles. It was found, however, by reason of this practice
that through cars were crowded with passengers who properly
should ride on local trains. A four-blade signal was erected
in front of the station and now the southbound limited trains
do not stop unless signaled that there are passengers or orders
waliting.

The design, erection and maintenance of interlocking towers
and telephone and signal work are all under the direction of a
department head known as superintendent of telephone, tele-
graph and signals. The dispatching of trains is done with tele-
phones installed at depots and in booths along the lines. The
Postal Telegraph Company has offices in all of the Pacific
Electric Railway depots. The railway company recently
purchased 300 Western Electric telephone sets for use on its
dispatching wires. These instruments will replace an assort-
ment of older types, which are not standard.

The famous Mt. Lowe railway forms a part of the Pacific
Electric system. This scenic road includes a cable incline,
which is 3,000 ft. long and has a difference of elevation of
1,325 ft. between its two ends. [Its two cars are under the
control of an operator in a driving station at the top of the
incline. Motive power is supplied by a 100-hp 550-volt mo-
tor geared to a Holliday cable-grip wheel driven at 13 r.p.m.
From the summit of the cable incline a narrow-gage trolley
line operates for 5 miles to the Alpine Tavern, owned by the
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railway. A roadbed for this narrow-gage line has been cut
out of the side of the mountain and has an average grade of
7 per cent for its entire distance.
TRAFFIC AND TRANSPORTATION

The transportation department of the Pacific Electric Rail-
way is in charge of a general superintendent and three di-
vision superintendents. The operation of trains is closely in
accord with steam railroad methods. There are 370 passen-
ger cars, 430 freight and express cars and 17 locomotives or
construction motor cars available for service. The types of
passenger and freight equipments were illustrated and described
in the ELEcTRIc RAlLwAY REvViEW for July 24, 1907,
page 64. All passenger cars are built with a half-open end,
but the siding along the open section is brought up to the win-
dow level to stiffen the body framing. The underframing
comprises four 7-in. 15-lb. I-beam sills, the center sills ex-
tending from bumper to bumper. Quadruple sets of General
Electric 76 or Westinghouse 112 motors controlled by the
Westinghouse electro-pneumatic multiple-unit control system
are used. The air-brake equipment is the Westinghouse
AMM schedule. St. Louis Car Company type 23-B trucks

are used and this company also built the larger part of the
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building up an enormous special business. During the sum-
mer months there is hardly a day but some picnic is to be
handled from Los Angeles to some one of the termini, favorite
points being along the beaches on the Pacific ocean shore.

The passenger department has charge of the advertising and
uses the daily newspapers extensively. This advertising is, of
course, governed by the season and by the amount of tourist
travel. There are 425 tourist apartments in Los Angeles
and each is kept supplied with Pacific Electric literature. At
the larger hotels the information clerks also are kept supplied
with large stocks of publicity matter describing the interest-
ing points to be reached by the Pacific Electric lines.

The passenger department keeps in touch with all special
trains leaving the Eastern cities which are destined for points
near Los Angeles. These trains are met at points as far east
as Salt Lake City and Albuquerque by traveling passenger
agents, who distribute Pacific Electric publicity matter and
make definite arrangements for handling parties over the Pacific
Electric lines. The agents have in hand the correspondence
that has been carried on between the originating steam line
and the Pacific Electric Railway and meet the persons in
charge of the party or the tourist agent, and either sell tickets

car bodies. These large passenger cars have seats for 56 for the entire party to take the more important trips offered
:
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passengers and weigh complete about 68,800 Ib. They are
equipped with M. C. B. type couplers and a train control line
for multiple-unit operation.

The freight equipment conforms closely to M. C. B. stand-
ards. One of the several types of freight locomtives weighs
102,800 1b. and has four Westinghouse 86-A motors of
200-hp capacity each, with General Electric multiple-unit con-
trol, Westinghouse automatic air brakes and a motor-driven
compressor of sufficient capacity for handling the brakes on
long freight trains. The motors have a gear ratio of 65:17.
In actual service one of these locomotives has handled easily
over the Pacific Electric lines from Los Angeles to Long
Beach, trains of 14 standard Pullman sleeping cars. The
present rolling stock equipment will soon be increased by the
addition of 50 Hicks ballast cars, 50 steel flat cars and 50
passenger cars, some of which will be used for local service
within the city.

PASSENGER TRAFFIC

The organization of the passenger department includes a
general agent, a Los Angeles city passenger agent, three travel-
ing passenger agents and the 38 station agents, With this de-
partment rests the responsibility for building up traffic, and
therefore it maintains an aggressive campaign of general ad-
vertising and soliciting by letter and in person. The company
has so many attractive rides to offer and has such excellent fast
service that this department has been remarkably successful in

Station with Open Waiting Room

by the Pacific Electric Railway, or make a personal canvass
of the train. If so desired the passenger agent is prepared
to make up combination trips, including Mt. Lowe, Catalina
Island, San Gabriel Mission, Long Beach, etc. All such
tickets are sold at the regular excursion rates. These special
parties are taken over the various lines in special cars and every
attention is shown by the passenger department, which sends
a revresentative with the party to explain local features of
Interest.

In seeking business from such large conventions as that of
the Order of Elks held in Los Angeles, this summer, the
Pacific Electric Company keeps men in the important railroad
centers about 24 hours east of Los Angeles. These men
organize excursions and sell special party tickets to all excur-
sion parties bound for Los Angeles. Before the Elks" con-
vention the passenger department corresponded with the secre-
taries of the various lodges and endeavored to make arrange-
ments for the special trips. Nearly 70,000 postcards illus-
trating attractive features to be reached on its lines were sent
out by the Pacific Electric Railway Company. Thus, the
work of the traveling passenger agents who greet the incoming
excursionists and tourists is begun before meeting the parties.
All Raymond & Whitcomb and other tourist agency parties
are booked in the East for these tours, which include the Mt.
Lowe trip and the combination electric and steamer trip to

Catalina Island. The New York Central and the Pennsyl-
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vania Railroad companies’ agents in the East have coupons
for these trips which can be used in building up a ticket to
include these features. :

One of the largest picnics organized by the traffic depart-
ment during the past year was a barbecue at Arcadia, 18
miles from Los Angeles, on July 17. The capacity of the
railway system for handling dense traffic was well shown at
this time when the service given included 80 large interurban
cars per hour with an average of 145 people per car.

The Catalina Island trip, which includes a ride of 27 miles
straight south on the Pacific ocean from San Pedro to Avalon,
1s the source of considerable regular and tourist traffic. The
electric trains which carry passengers from Los Angeles to
meet the Catalina boats at San Pedro are operated separately
from the regular hourly interurban service to San Pedro.
Boat trains ordinarily are made up of three or four cars. On
Sundays, when three boats are operated between San Pedro
and Avalon, as many as 18 carloads of passengers for Cata-
lina alone frequently are handled.

In addition to its enormous special traffic, the Pacific Elec-
tric Railway has a heavy regular riding suburban traffic made
up of people who live in Pasadena and the nearby valley or at
points along the 50 miles of ocean shore served by the electric
line. The passenger department is now filing tariffs with the
Interstate Commerce Commission for a through business
from Los Angeles to San Francisco, Portland and North
Coast points by way of the Pacific Electric from Los Angeles
to San Pedro, and thence by steamship. Considerable joint
business is done with the steamship lines operating from San
Pedro to San Diego.

The large amount of special traffic initiated by the passen-
ger department of the Pacific Electric Railway calls for the
careful handling of special car business. The company, in
making arrangement for special cars, reserves the right not to
charter them for any Sunday, holiday and other day of heavy
traffic, such as annual excursions, church picnics, etc.  When
arrangements are made for a special car or train the passenger
department fills out a blank order specifying whether the regu-
lar type of car or a special type is desired, the number of
people to be carried and the time of the run, sending this in-
formation to the general superintendent. In this connection the
minimum number of passengers for a special car is 40 and the
maximum is the seating capacity of the car. When he receives
the advice the general superintendent issues instructions to
the division superintendent regarding the handling of the
special car and then the passenger department furnishes the
party with special chartered-car tickets good only on the car
for which arrangements have been made. The date is
stamped on these tickets and the purchaser advised that his
ticket is good only on the special car. Thus the regular trains
are relieved from handling special parties.

The Pacific Electric Railway operates funeral cars over its
entire system. Within the limits of the principal cities served
—Los Angeles, Pasadena, Long Beach, San Pedro and
Santa Ana—the rate for a special funeral car is $10 with-
out casket, and the number of passengers is unlimited. If a
casket is carried the rate is $15. Funeral parties traveling
from one city to another on the interurban lines are handled as
chartered car business and the casket is carried without
charge.

The traveling passenger agents have been successful in
booking several excursion parties for chartered cars for an 8
to 12-hour trip. Such parties frequently are made up at the
hotels and a car will be chartered for their use during the en-
tire day. Runs are made to the interesting points, usually in-
cluding the 50-mile trip along the beaches. If desired the
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passenger department will send a representative with such
parties to point out the features of interest and make arrange-
ments with the operating department of the road for the routing
of the car at the wish of the occupants. For such a special
car service the regular one-way rates between stops are charged
for each passenger, and to this are added a charge of $5 for
special car service and 20 cents per mile for dead mileage.

FREIGHT HANDLING

The principal freight handling center of the Pacific Electric
Railway is the large new freight station at Eighth and Fem-
lock Streets, Los Angeles. This station is illustrated on Plate
XLIII. On account of the crowded condition of the streets
in Los Angeles nearly all freight trains are handled between
12:30 and 5 a. m. As many as 120 loaded cars are taken
across the city in one night. Some of the special sources of
traffic are fruit, sugar beets, garden stuff and crushed rock.
There are two large rock crushers on the lines which furnish
material for the street paving in Los Angeles and also for
use In construction work along the ocean shore. The com-
pany has several agreements with the purchasers of rock for
night delivery at different points on the line. One of these
agreements includes 30 cars per day. About 20 carloads of
sugar beets are handled per day over the new 10-mile con-
necting line between Huntington Beach and Santa Ana.
Huntington Beach is on the double-track line which parallels
the ocean, and Santa Ana is inland about 10 miles at the
terminus of a double-track branch extending to Los Angeles.
The beet traffic lasts for five or six months each year. Each
day 20 cars of beets, in addition to the local delivery of 20
cars, are hauled to Los Angeles for delivery to the Southern
Pacific Railway for through shipment. The beet cars are
loaded through traps from farmers’ wagons. During four
months of the year four carloads of berries per day are
carried into Los Angeles. The new Huntington Beach line
passes through a large celery-raising district, and thus is the
source of considerable freight destined for the commission
houses in Los Angeles. Twice each week the electric freight
trains make connections with the steamers to and from San
Diego; once each week a steamer from Seattle, and twice a
day with the boats running to Catalina Island.

VN

LOS ANGELES RAILWAY

ous growth in the suburbs and the district tributary

to Los Angeles. The track of the Los Angeles

Railway Company is all built to 3-ft. 6-in. gage
and is largely laid with 7 1-4-in. high T-rails weighing 87 Ib.
per yard. In the paved streets the rails are supported
by wooden ties 6 in. x 8 in. x 6 ft., ballasted with
12 in. of crushed rock extending nearly to the tops of
the ties. Above the rock is a 4-in. bed of concrete support-
ing the 2-in. asphalt surface. During the past summer some
concrete ties have been laid on Spring Street, one of the most
heavily traveled thoroughfares of the city. About three years
ago the company began welding its rail joints by the Thermit
process and since that time more than 16 miles of track have
been welded. The base and the web of the rail, but not the
head, are joined with the weld.

The Los Angeles Railway Company operates 365 cars in
regular weekday schedule and 398 cars in Saturday schedule.
Vypical cars were described in detail and illustrated in the
ELEcTRIC RAILWAY REVIEW for July 17, 1907, page 4.
Their design conforms to the so-called *‘California’ type,

Q N abundant train service has brought about a marvel-



570

with two open ends and a closed center. Each car has two
pairs of trucks with 5-ft. 7-in. wheel base, each carrying one
Westinghouse 101-L. motor. An illustration on Plate XLV
presents the exterior appearance of one of these cars. The
company owns 533 motor cars. All cars are equipped with
Eclipse fenders, which are said to give excellent service.
Operation of the cars within the city and suburbs is con-
tiolled by a telephone system of dispatching, which in gen-
eral is like that described in this issue for the Denver City
Tramway Company. The repair and car-building shops of
the Los Angeles Railway are located at the southern edge of
the city and comprise a group of buildings occupying two
large city blocks. These shops and some of the interesting
shop practices were described in the article earlier referred to.
Power for the operation of all the cars is either purchased
from the Kern River Power Company to the amount of about
10,000 hp, or is generated in a steam plant operated by the
rallway company, which has a capacity of 5000 kw. A
transmission loop about 18 miles long connects seven sub-
stations within the city. The equipment of these substations is
made up largely of 50-cycle motor-generator sets of 1000-
kw capacity. Storage batteries are operated in connection
with several of the substations. A combined substation and
office building for the power department of the railway com-
pany recently has been erected at Sixteenth and San Pedro
Streets. This building is 105 ft. 7 in. long and is sub-
divided into three bays: a generator room 36 ft. wide, a
transformer room 13 ft. wide, and a store room, shop and
office section two stories high and 25 ft. wide. The build-
ing is 27 ft. high to the roof trusses and is constructed with
reinforced concrete foundations and floors and brick side walls.
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The two-story section is subdivided on the first floor into a
machine shop 32 ft. long, a store room 47 ft. long and a
vault and lavatory. Above these rooms on the second floor the
subdivisions provide for the accommodation of the electrical
engineer, who has a private office 19 ft. x 25 ft.; a main
office 40 ft. x 25 ft., and drafting and meter rooms<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>