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Generaltion and Distribution of Power for Electric Railway Service in
San Francisco,

Now that all of the gtreet railway service of San Fran
cisco, with the exception of the Geary Street cable line, is
operated with electrie power, a description of the power
stution equipment and distribution system of the United
Railronds is of particular ioterest.  Under present con-
dilions, all of the power used I3 eéither geucrated ln their own
stosm plants or comes from the system of the Sau Fravelsco
Gins and Eleetric Compaoy, wlieh, in forn, is econpected
with the transmission lines of the California Gas sand
Electeio Corporation. The new gas engine reserva plant,
known as the Martin Station, will probably be available
within a very sbhort time, which will very materially increase
the amouut of electrie power available fur the operation
of electric cars.  The North Bewen nnd Hryaot Street plavtes
of ithe Toited Rallronds were not materially damaged by the
fire, and ut the preseut Hime are giving excellont service,

Early in 1002 the Market Street Railway Company, the
S0 Fraucisco and San Mateo Railway Company, the Sntter
Btreet Rallway Company, and the Sutro Flectric Hallway
Campany, were consolidated info what is pow known as the
United Railroads of San Frapeiseo. Soon safter the reorgani-
zation it was evideot that more powsr was pecessary o order
to give San Fraucisco a good street rallway service, aud the
peed of & vew central station beeame imporative. At that
time the power was derived from tbhe following svurces:

1. UBryaot Street power hoose, consisting of fonr 1400
bhorsepower engines, ditect connected to two 400 kilowatt
Siemens and Halske generators;two 605 bhorsepower engives
each belt conoecled to an M. P, 200 kilowalt generator, and
two ol horsepower engines each belted to o M, P. 200 kilo-
waltl generator,

2. Carl Strect power house consisting of a 250 horse.
power and a 500 horsspower sugine.

1. Oak Street and Broderick Street power honse consist-
Ing of a 700 horsepower engine, ‘

4. Sutro power house, which contains one direct con-
pected 400 kilowntt and one direct conneeted 200 kilowatt
generators,

6. Power house reoted from the Pacifio
pany, haviog outpat of 600 kilownlis,

4. From thy Independent Eleetrie Light and Power
Compony, now the Sen Francisco Gas and Electric {'nmpqnf.
sbontl 1600 kilowstls,

It soon became apparent that the oper tion of mauy small
plants was nnsconvmical, and that more poxer  wes  nesdad
in order 1o keep ap with the growth of San Frawcisco,
Thos plans were male for o new contral power station and
three sab.stations. The Bryaot power station was wstill to
be used  but the other plants were to be disposad of.

This now power stition is located at North Heach,
alternating correut s transmitted at 12,300 volts: 18t to
sub.stalion st Turk and Fillmore Streels; Z2ud, to a sub-
stution at Geneva Aveoue sud San Jose Avenue; drd, to a
pub station wt Milbrae. The Brysot Aveonoe station sup-
plied all live: south of Market strost to Thirteonth strest,

The North Beach atation is Joeated at the corner of Beasch
and Buchwosn Streets, its dimonsioos are 113 ' feet by
337 feet. It is located very penr salt water, sud con-
densiog water la pomped from the bay about 400 feet {rom

Power Com.

The

the power hoose. There is also & wharf close by whore fuel
oil and conl may be landed.  The building is modero, the
mitorial nsed in its construction beiog covcrete, brick, steel,
iron aod slate, maekiog it fre.proof. The foundations
are of the best material. I'he fonudation of one engive is &
solid bloek of concrete sixty-three feet loog, tweuwty-four
feet wide, nud fifteen feot deep.  The roof trusses are stesl,
nuid the roofl is covered with slate.  The chimney of brick
was 152 feet high and 142; feet inside diameter, The
suiine room is 48 fest by 247 feet, machine shop 48 by 45
feot, snd the boiler room 58 '; by 331 feet. Both esgive
and  boller rooms are 43 feet high from foor line to
botiom of trusses.

There are four batteries of Babecook mnd Wilcox boilers,
but four more batteries can be added in the future. Each
battery has & capacity of 2500 horsepower, or total for all
hoilers is 10,000 horsepower. They are all oil borners, but
pravision has baeu made to barn cosl when neceasury,

The supply of oll is stored io a storage tank at a distance
of 150 feet from power house, The tank dimensious e
twenty-seven feot high, eighty feet o dismeter, baviog
capacity for 1,600,000 gallons. The oil is pumped directly
from oli burges at the wharf through a five ioch pipe line,

The maio storsee tank is convected by independent
G-ineh pipes and blow pamps to two avxiliary feed tanks,
each of 20,000 gallous capacity. Each tank 18 conneocted
independently to each forvace, All tauns are equipped
with beating cribs, and when necessary exhaast steam way
be used to heat the fuel oil.

Water is supplied by mains from the Spring Valley
Water Company. The water from the surface covdensera
is Mitered and used ugain. This Alter cousists of a
number of felt strainers which cateh the oil and scum One
strainer may be takeo out of the filter at a time, ecleaved,
ote., withont interfering with the provess of stramning.

The plant was originally designed for foar engiones, two of
which are now in operation. They are the vertical marive
type, bullt by the Upion Ironm Works, aud are triple
expunsion with 32-ineh, H2-inch aod 80-joch eylindors with
42 loch stroka, boilt for a workiog pressure of 200 pounds,
at o speed of 130 revololions per minule., Thelr vormal
capneity la 40480 horsepower sach, with a enpacity for 25
per cent. overload. Thus when the four engines have been
instslled thare will be an sggregale of 20 000  horsepower,
These eogines are the largest stationary steam esngioes that
have ever been bailt or nsed on the Pacifio Const,

The condensers are the marioe type sacface coodoevsers,
haviog 3031 tubes threo quarters of ao lwech in dinmeter,
baving cooliog sorface of 7200 square feet. [t ls also
arranged that they ean be ueed ax jot condensers. The air
pamp has a thirty-four inch eylinder and o twelve Ineh
stroke. The water for condensars is pumped from the bay
through two 32-inch pipe lines, The pump ls electrically
driven,

Ench evngine is direct coonected to two 20 pole 1200
kilowatt, 136 revolutions per minnte, 13,200 volts, 25
oyole, three phase Geoernl Electiio revolving fleid generstors
tive felds beiog excited by an M. P'. slx pole 100 Kilowatt
500 revolations per minate, 125 volt exciter, driven by a six
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pols, 150 b P , 500 revolutions per minute, 350 volt
induction motor when under light load. Uosder fall load
the fleld Ix exclted by an M. P. eigbt pole 200 kilowatt 500
revolutions per minute 125 volt exciter, driven by 1 six pole
A00 borsepower 500 revolutions per mioute, 350 volt
induotion motor. The Helda are excited on starting by a six
pole, seventy-five kilowatt, 250 revolutions per minate, 125
volt exciter, driven by ap eogine. For the indactiop motors
driving the exciters and blowers there are two wsir blast
transformers. Tuoey are three phuse, twanty-five cyole, 150
kilowatt and 300 kilowatt, aod trapsform down (rom 13,200
volts to 370 volts, and are air cooled. The two motors
driviug the faus are four pole type, two horsepower, 750
ravolutions per minate, 350 volt induction motors.

There are eight Geoeral Elsctric oil switches, which are
controlled by motors, tour belng connected to the gausrators,
two to the outgoing lines, and two to the exciter pavels.
The switchboard ocoosists of four generator paopels, oue
exciter feed papel controlling the four generators two
blowar motor starilog panels, and two induction motor
panels.  All electrical equipment was made by the General
Electric Compapy. There is sleo iuvstalled a traveling
orane of thirty toos oapacity.

The lioe ia ran from the Nurth Heach power house to
Fillmore Stroot and Turk Strest. The poles are of redwood

trom higher potertial machine ta the lower potential
machine sronnd through the eomponnd fleld and thus raisiog
its voltage, and thus makiog it take itz shawe of the load.
Io each A, C, paoal of thy rotary there is & power factor
fudicator, and it Is very desirnble to keep this about apity.
This is dove by varyiog the shaot  fGeld. Un each A. C,
rotary thers i4 a resistancs s sosuected io parallel with
the compound Held sl by warying this resistaoce the
amonnt of componnding can bs changed. Uy warying the
shant field  resistance, which is dons by a hand regolator
on sach A, C, rotary panel, we cno get practically ouity
powar factor.

The switehboard is a2 follows:  Takiong flrst the front
view thers sre ten A, O, panels sod tweaty-wis D, O, feeder
pauels, aod six rotars pauels fea ling o the bus bar.  Start-
ing from the left tbers ars, 141, foar high tension penels,
the tirst two beiog the ont.going lines, each panel baviog
three aminetera, one for each leg. The next two panels are
for the in-coming lines, esch bavieg one nrr meter. The next
alx panels are for the primary side of the transformers of
each wachine.  Each panel bas s power faclor indicstor,
an ammeter nod voltmeter whose constant fa 120, From
theso lostruments we are able to get the iuput for each
machine and transformwer, All of the above panels for
the machioes bave a hamd regalating resistence box. The

1ak

16 inches by 16 lnches at bage nod 10 ioches by 10 loches at
top, They are st io coocrete, baving been treated with
erade oil.  The crosa arms are of Oregon pioe, 4 Inches by
0 inches by 5 feet B inches, and one 4 inches by € loches by
T feet G inchea,

From the main station there are two circuits ench of three
No. 000 solid, triple braided, water.proof wirse. The wires
are arranged as fullows: Each circoit on one side of the
pole, one wire on the top cross arm, and two on Jower cross
arm.

Iron pins with purcelsio basss are ssed.  The losulators
used sre the Looke No, 100 broom porcelsin, baviog been
tested for 60,000 volts,

The Turk aod Filluwore sub.stution is 456 by 109 [feet,
nnd is entirely fireproof, It is equipped with six rotury
converters, each beiog a ten pole, 760 kilowatt, 300
ravolutivos  per mioute, 606 volt on D, C. sils, and
compound wound,

There ate eighteen trapaformers, tweuty flve oyoles,
ratio of transformalion is 13 200 to 440 and are air cooled.
Thora are three blower motor sets each onnsistivg of I-fonr
pole, fAve horsepower, T80 revolutions per minute 350 volta
fndustion motor, The blowers are fifty -one inches o diam-
eter,

There are ten motor controlled oil switches. The number
of A, C. panels on the switohboard is 10 —-two papels
for in-comivg line, two for out.goivg, and six for A. C,
side of rolaiies,

Tae rotaries are started from the A, C. wsides in the
followiog manner: First the ofl switch is olosed, The
transformers are 80 wound that there i3 trapsformution from
4 phaze Delta to 6 pbase Delta.

lo starliog theo the flelds of the rotary are open, so
as to get rid of the danger of puocturiug iosulation of the
fields by the high induced voltage.

The rotary starts up as an hysterisis motor, the A. C,
current in armatore ioduciog eddy corcents oo pole pleces,
Tha positive brash from the D, C, side is brought to toe
side of tha wmschine, and also the positive bos  bar or
equaalizar and the above two leads are here conoected.
The wae of the bus bar is us follows: If for some reasoa
ona machine should be generatiog m lower vollage than the
other, the highar voltage machios would start to take load
while the otber wonld decrease in load, Tbis difference ot
potantial, however, coald pot be very dilferent on account of
the constant A, . voltage. Still It Is very desirous that
both macbioes take an equal load.  Thus by bringiog the
equalizer bar to the positive termioals wvarreot woold flow

T itself is beuesth the Qoor and is operated by a
chain ranuing to the switehboard, (dn eich of thess ten
A. C, panels there is a switeh for operatiog a motor whiob
controls the ail switehss, Above and below this motor
caontrol switeh aro lights, tha red light beiog above; the
grasn light bolow,  Wheo the red light Is burolog it
slzoifies that the oil switeh is closed, aml whon ths gresn
light is burniug it signilles that sxiteh is open. The control
motor is placed upou the casiog of the oil awiteh.

The next six pauels are for the D, C, side of the rotaries
and sach pansl i« syuipped with the following: A cirenit
breaker, an ammeter, also rocoptacle for voltmeter plug, the
voltmater baing placad a litthe to the left of the switehboard.
Then thera is the kails blade switel for throwiog rotary onto
the bos bar, aod below this is an integraling wattmeter.
The ammneter does not sirry the whole line carceot but s
shaatedl azross o small portion of tha line. Each ol Lhase
anmobors have a seale ranuing ap to 3000, tha smallest
division being 100 ampares.

Then the next tweuty-sic pansls sea for the fesder lives.
Each of these panels have a circait broaker, an ammeter,
and a siogle pole, siogle throw switeh. The ammeters
have m capaeity of 100 amperes,

Dires Iy baasath thy transformers Is the air blsst  room.
Tho blowers foree Lhe air into this ehamber and the ounly
oxil is out throuzh thy transformars, part goiog oul the side
and part oat tha 2op of thy transformers,

NOVEL SUGLESTION FROM BERKELEY.

Ex.Secrotary of the Treasury Churles Stebbing  Fairehild,
luformed the Berkelvy College Commerce Clob recently jo
an lnformal address, that the only action he counld soggest
to stop the concentration of power in Lhe hands of a lmited
wnombar of financiers s to step the use of steam apnd

electricity. ““lo my optnion,"' said Mr. Fairchild, who was
in Clevelani's first Cablinet, and who is a bavker of
renown,  ‘‘the so.eallod concenteation of power in the

fodasteisd and Anancial worl ) today is due almost eotirely to
ths improvement2 o transportation msthoda. Ths foond.
ation of these lmprovements are Lhe use of electrictiy and
steam. If we want to do away with concentration, then 1 am
afrald we will havo to dispense with electricity aud steam.*’

James W. Warien, general saperintendent of the Los
Angeles Gas auwd  Electric Company, has resigoed aod
sesered his connections with the company with which be bas
been connected during the last twenty.flve years.



