MOUNTAIN RATLWAY BELECTRIFICATION
BY ALLEN II. BABCOCK
" ADSTRACT OF Paveg
The paper is a study of the relative merits of sleam and electrie equip-
ment for a mountain division of the Southern Pacific R.R. The two slopes
Lo the summil of this division are 49,5 and 18,3 miles long, respectively
with average grades of 1.4 and Ld3 per cent, and raling grades of
2.2 pereent on cach slope. Assumption is made of o 2400-volt, third-rail
system using 100-ton electrie locomotives capable of handling  train
unitg of 500 tons for freight, and 150-ton lacomotives fof ‘passenger
service. On the basis of present traffic it'is shown ihat electrification
.. of this division would not be justificd {from n Anancial viewpoint, whether
- the power was * home-made  or purchased.
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MOUNTAIN RAILWAY E,LE.CTRIFICAT ION
A Srupny orF ThHE ’l‘m-mcnm_u Pass
BY ALLEN H. BABCOCK

During the -'pzist ten ycars the Southern Pacific Company

- has investigated the question of elcetrification of its three out-

lets from the central valleys of California, north, over the
Siskiyou, east, over the 'Sierra, and south, over the Tchachapi.

“The carlier reports, inspired directly or indirectly by manufac-

turers as a part of their propaganda program, were favorable to
clectrificalion.  The railway company then began studics of the
subject, independently. The conclusions: of its officers were
unanimously opposed to clectrification, by reason of the financial
results to be anticipated; however, some of its lines have been
clectrified, and other clectric lines have been acquired for good
Teasons. ) L )
Lately there has been a constant and persistent pressure put
upon the company officials, by both power companies and con-
sulting engineers, to reconsider decisions adverse to electrifi-
cation, decisions that were made after patient and thorough
study, and in the face of the fact that to be connécted with any
such important engineering work as these installations would
bc, could but fire the professional imagination of any engineer
worthy of the name. Just how much of this agttation has been
- due to the application of general statements regarding the benefits

~-. to be secured by eclectrification, to the particular problems pre-

sented by west coast mountain railroading, is hardly susceptible
of direct determination. It is possible, however, that much of it
“15 duc to the cffect that such hypothetical studies and papers as

" have been published recently, have produced upon executives,

“who, however skilled they may be in their specialties, only in
1785 :
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tare mstances are sufﬁcu,ntly cxpenenccd technu,ally to be
capable of forming independent opinions on engineering matters.
It is a fact that reports adverse 10 electrification in the hands of
these same executives, citen cause dlsappomtment and some-
times arouse criticism.

Here, then, are two opposing parties; the one with things to

sell, (apparatus, power, ¢ngineering skill), the other with a service )

to be maintained, at decrecased cost if possible, but maintained
at any cost it must be: the first reports favorably upon projects
that tli: sceond considers unfavorably with equal positivencss.
Some things must bc unknown to both. Either the radicals
have not all the facts upon which to work, or the conscrvatives
cannot interpret their facts correctly. B

Words have been multiplied with reference to the subject until
aspiring authors well may pause hefore adding fuel, not to say fat

to the fire; but it is with these thoughts in mind this paper is

written, not’ with the inlent to offer anything original in the
study of such problems but to give the facts of a typical west
coast mountain railroad district and their interpretation as seen
by one whose reports heretofore have been respons1blc for many
adverse decisions in such matters.

It is not intended to be the final word on, the subJect of electri-
fication of this district, but it is the result of a study recently
made to determine whether there was such a reasonable chance
for profitable electrification as would warrant a very considerable
expense in time and money, such as was incurred a few years
ago in an exhaustive and final study of the Slerm problem, for
example. R -

If through the facts given herein, and i in the dlsc_ussmn thercof,
a better mutual understanding will be reached, its purposes will
have been served.

. Pravysical, CHARACTERISTICS

West Slope, Bakersficld to Swmmit................ P 494 miles
Vertical rise. .o i e, O 3764 fL.
- Averagegrade. . ...l ceereinneiene o L per cent

Average curvature equal Lo d constant 3 deg. curve,

Total curvature, 7944 <oy, of which 6969 deg, are between Cd.’l(.lll,(,
and Summit (27.2 wi.). Theloop curve has a toLal curvature
of 5606 deg. 33 min, 12 sec.

East Slope, Mojave tu Sumnnl, e e e e 18.3 milcs
Verticad rise. . oo oo 0o P s L1286 ft.
Avernge grade. .., e e i 1.33 per cent
Average curvature (s 2hove), oo oo via e 0.79 deg.

“Total curvature.,

............. v eeeeaeendiee.oo.....765 deg.
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. The ruling gr ade on each slopc 18 2.2 pcr cent but these wrades

" are not compensated for curvature so that in effect the ruling =

grade is 2.4 per cent.  The maximum grades are long enough to
fix the weight and power of the locomotives. The average .

distance between sidings is three miles, approximately.
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2708,3 WOCOFORD M. P, 35.9
27452 MOJAVE M, P, E7.6

M,P. 47,7 ==y
P, 49.5—
M, P, 87,07

795, 8 DEALVILLE M,P, 27.&"

289, 8 CALIENTE M, P, 22,3
M., 62.5—"

866,4 TREVES

872.8 BENA M.P. 15.0

414.3 BAKERSFIELD MILE FOST 0,0
565.1 EDISON M,P. 7.2

NOTE~
ELEVATIONS ARE PROFILE. GRADE

S.P.R.R. DATUM

L : | l L S S E
MAXIMUM GRADE (FEET PERMILE) . 105.6 116,16 116.16
N T T ¥ T T T
CURVED FROM 0“TO 6"INCL.. : 11.34 6.44
LINE “ogo1 e 8 2.38 :
{MILES) 301 ¢410° ¢ 7.67 2.03 OF 10701 & OVER
TOTAL ASCENTS EAST (FEET) 3686.885 B 55
Lt v WEST L ) 76.885 * - | tas5.08. -
TOTAL CURVATURE _ 7944" A

T16. 1—CONDENSED PRrovILE, Truacuari PAss

In determining energy consumiption of trding moving over the
mountain the actual characteristies of the line were used, (see
‘Appendix K), but in determining load diagrans and substlation
spacings and capacity, the following close approximations were -
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made to take care of the ruling grade, curves, etc (For their
mpphcauon sce Appendix A) o

. 'Avc1 rage grade

: ’ Section - . - Miles
"Bakérsfield to Edison. . .......oo.ovon... . 7.2 - 0.5 percent
Edison to Caliente.......o...o..o. 000 1501 1.6 ¢ &
Caliente to Sumimit. ... vive o inn..u. 272 2.4 % ¢
Mojave to Cameron............. Ceveew. 1008 2.4 « “-
C11nuon to Summit. ....... O 7.5 - 0.75¢ o«

The average freight train, castbound, weighs 2000 tons,
" exclusive of locomotives. Tour consolidation type locomotives,

or their equivalent in Mallet compounds, are used to haul this

train from Bakersficld to Summit. From Summit to Mojave
onc locomotlive is used for supplying air for brake purposes, etc.,
and the other'three return deadhead to Bakersfield. The west-
- bound freight trains are lighter than the eastbound on account
of the fact that much of the western movement consists of empty
cars. The normal weight is 1250 tons, bauled by three con-
solidation locomotives, or their, equivalent in Mallets; or a 1500-
ton train operated by three consolidation or decapod locomotives,
or their cquivalent in Maliets. - The. helper engines cut out at
Summit and return light to Mojave.

In order to provide a flexible unit it was proposod to usc an
cleetric locomotive, capable of handling a train unit of 500 tons, .

as many per train to be used as the weight of the train recuites.,
The weight of the clectrie locomotives is assumed at 100 tons.

Passenger ‘train weights vary from 250 tons to 600 tons, for

which a single passenger locomotive weighing 150 tons was pro-
vided. A maximum freight train movement over the mountain
recently consisted of twelve full-size freight trains, eastbound,
and eight full- -size freight trains, westbound, in addition to the
normal passenger movement, which is seven regular trains each
~way per day, with occasional extras and second sections. )
The track, particularly on the west slope, is 1aid for the greater
part of the distance in rough country, in fact between mile posts
326 and 8061 all the track, with the exception of a short stretch

_ near Calientc, is in cuts or ou fills. It may be said generally

that at least half the track is laid in conditions where any over-
head contact system would require, necessarily, very expensive
~ steel pole or hridge construction.  In addition to the above, there
arc 18 tunnels, in none of which the vertical clearance is more
than 18% ft., and 60 per cent of their total length is on 10-deg.
- curves. A detailed list of tunmels is given in }l\;ppendix L-1.
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' E\m‘ncnce v similar carhcr reporto has bhown that, in

ceneral, there is little difference in total first cost and annual -
operating costs, whether an overhead system or the third rail

system be considered. A double overhead contact system gives

niaximum first cost and operating costs for contact system, and

minimum weights, costs and maintenance of locomotives; a

- single overhead contict system gives high first cost and operating

costs for contact system, with maximum wcights and mainten-

Cance of locomotives; the third rail gives high first cost and mini-
mum opcrating cost of contact system, imedium locomotive

weights and first costs, with minimum operating costs, but the

total costs are brought up to the level of the others by rcason -

of the neccessary -substation apparatus and attendance. A
choice of systems therefore is to he made only aftcr an cxhaustive
study of all the lo¢al conditions: :

In a preliminary study, as this is, it matters little what par-
ticular system of propulsion is chosen, upon which to base the
cstimates. Tor the purposes of -this discussion a 2400-volt

continuous-current, third-rail contact system was sclected for

the main line, with an overhcad contact system in yards and
terminals, at Kern, Bakersficld and Mojave.

In the followmg, the First Costs are based on Lhc prcbcnt
traflic as shown by the train dispatcher’s sheets; the Annual

Operating Costs are taken from the reports of the fiscal year
cending June 30, 1912, for steam operation, while the same trallic
n:ad reports are used, as far as thcy apply, in csuma.tmg the costs i

for clectric operation.

First CosTs

Substations,
tienerating station, “ B 1,760,000
Transmission system, B o F Ceeeed 430,050

_ Contact system (yards).. L & L. 185,250

“ “ (line), “ Aoooiiaiooaaoaiaoo. . 825,000

Bonding, = - o 4 AL vewnees 2192300
Rlock signals, R S » R e [ 175,000
Skops and inspection shed, “«  E...oo.... e e 10,000 .
Electric locomotives, - “ ) L 2,085,000

...... e $7,172,600
Credit by steam locomotives released ' . :
for service on other divisions, Appendix G............ - 1,464,900

L R A IR

Net-first cost. .. . $5,707,700

Appendix A.......... ... $1,610,000

g
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AnnvaL OperaTING CoOSTs . o
{Steam-generated power) Steam Electric
 Substation labor and supplies, " Appendix A..... . 859,700
Power housc labor ami supplies - ¢ B.... -~ 84,780 -
Transmission and contact systum o C o
maintenance, “ . Cal o 36,576
Maintenance of way as aﬂ'ected . ' o .
by locomotives, “ M...... $126,800 - 83,285
. Locomotive repairs, S oo« I...... © 270,090 70,701
Loco. (nguu‘mcn (passenger), oW I © 48,3000 7 29,100
240,852 100,530

Fucl o . “ '_K.....-

$687,032  $464,672

Bond interest at 4% p{;r. CONb. e e P 256,547

Totals...cooo. o ' cee ssﬁsz,os? $721,519
" Net losﬁ SH 187 :

Inthe a,bovc no account is taken of items not affected by char-
acter of motive power: freight enginemen, and all train crow

wages, repairs to cars and m'untm wnce of way as aFEocLed by

cars—for example. :
The net loss under pr opoeul electric opcm.tmn 15 5o small that,

‘it might be wiped out by a reasonably small change in the as-

sumptions; in fact, at this stage of similar investigations often

there is a temptation to search for opportunities to change this, -

" or to modify that, as the necessitics of the casc demand. This
important fact should be borne in mind, however, that in thc
foregoing no account is taken of taxes and depreciation, both of
which must be paid, some time, by some.one, to the extent of
at least 5 per cent of the net investment, which increases the
net loss by approximately $285,000 per year.

It may be asked, why is depreciation not taken into account
in the usual manner? The answer is, since there is a loss, or at
least no profit shown, and since to add depreciation would be

. to make a bad matter only worse, nothing is to be gained by

entering into the academic discussious that inevitably follow the

opening of a subjcct concerning which opinions reasonably may -

differ as widely as on this much dxsputul particular.
But power may be purdm%ed as is often suggested by thosc

with power for sale, hence it is proper to determine at what

rate this power may be purchased and come out even as compared
with operation by steam-gencrated .power.
less than this will be profitable. -

With purchased power the total 111vestment will be d1m1mbhed .

Obviously iny rate

VR S T by T
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ﬂ-c costs of 20 m:les of transmlsslon line and of the generating
.ion, it being assumed that power will be delivered at some one

_ -~mmt on the right-of-way, whereas local conditions located the
© . stean station 20 miles off the nght of-way (see Appendix B).

u.cnchlrchostwas....f..' .......... e e i, $5,707,700

" “Fransmission line, Appendix C....... Ceveaes " $120,000 ) B .
-Generaling station © B - T . 1,760,000 1,880,000
" Leaving a net investment with power pur.chuscd. e e 33'827'700

~ AnnuAL OreraTING COSTS
(Power purchased) T
. S Steam.  Electric

Sibstation labor and supplics, M)pcndn A;. e

$59,700
Transmission and contact systcms L ) . S
maintenance, : “o C.. e . 85,576

Maintenance of way as affected by . _ . .
’ : $126,800 83,285,

lucamantives, L O
Lacomotive repairs, “ | P 270,990 70,701
Leea, enginemen, (pftssengcr) “ Jo.. T 48300 29,100
Fuel, ) . “ K.... 240,852 .
: o $OR7,032  $278,362
fAond interest at 44 per cent..... N e ’ _ 172,247

$687,032  3450,609

The difference, $236,423, should be decreased by $191,385,
{the aprroximate tax and depreciation rate of 5 per cent on the
nel investmient of $3,827,700), and there is left the wholly in-
atequate sum of $45,038 with which to purchase 53,000,000
Lw-hr. at a load factor of about 20 per cent; mth 10 proﬁt
10 show for an investment of nearly $4,000,000. ‘

For the sake of the argument let the deprema‘mon be neglected
and let it be considered that $236,423 are available for the pur-
vliase of power under the operating conditions of the service. At

Totals. . oo .. .. e .

“uny time there may be four passenger and four freight trains

pulling up hill simultaneously, taking a total-of 82,720 kw.
slicrnating-current input to the line. ‘This is not the maximum
number of trains that is on the mountain regularly, but represents
enly those taking power. - A slight derangement of schedules,
a7 an extra freight movement, citrus fruits or oil, or a blockade,
for example, will cause congestioni heyond any possibility of

estimating.,  This traffic.- must be handled as circumstances re--

" guire. It cannot be spaced conveniently for power demands,

as many cngineers and power men have suggested, but the term-
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inal yards must be clearcd as the cars accimulate. Is there

any power company in the west coast country, or even beyond
“the reac’; 7 such a natural power source as Niagara, that would

care to undertake such a load for any such yearly return as that - >
It would nct about 4% mills; a rate

named in this paragraph?. .
that neither the purchaser nor the seller could afford to consider.

-In the face of the forcgoing it is difficult to sce how any recom-
mendation in favor of clectrification can be made, if the opinion
is based’ oit the direet financial profit to Le realized; in other
words, this casc is mercly another example of the {act often noted,
that in the great majority of cases the pr ofits from clectrification

' ~-must be realized indireetly rather than directly,—increased
track capauty, postomnr sccond or doublc -tracking, or Lho

like.

It may be urged that a larger district would malke a bcttm
showing. In this connection it may be noted that the line {rom
Bakersfield to Summit is almost identical with half of the line
assumed in Mr. Hobart’s paper on 2400-Voli Railway Eleciri-
fication.* "On cach side of the summit Mr. Hobart’s assumed
line is 3800 [t. rise in 48 miles with the ruling grade of 2.2 per
cent, while the west slope of the Tehachapi is 493 miiles, rise of
3764 ft. and a ruling grade of 2.4 per cent.  Also.Mr. Hobart
assumes freight train weight on heavy days of 1800 ions as
-against 2000 tons on the Tehachapi.

hachapi, and the result was the same.

In the. various appendices will be found complete details of
all the clements of the iuvestigation, as noted by the cross
references given after the various items of the tabulations herein.

Acknowledgments are hereby made to Mr. G. W. Welsh and
Mr. F. E. Ge1be1 both assistant engineers in the electrical engi-

neer’s office, Southern Pacific Company, for assistance in the.

- preparation of this paper. The former made a thoroughly
painstaking study of the problem as'a whole, and to the latter
is due the novel method of determination of substation spacmg
and capacuy as detailed in Appundn A. :

ATPIENDIX A
SUBSTATIONS

Subsz‘ahou Spacing and Ilcceling Loads. It is not the purpose

here to go into a theoretical discussion of the economical spacing

*See A.L E.E.ProcEEDINGS, May, 1913, p. 10£2,7 .
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Furthermore, the Sierra -
study covered a district more than double the length of the Te- |
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distribuling system against the losses and fixed and operating
charges of the substations.
lengthy consideration of various operating conditions which

‘{=ads nowhere.
" The following is 91mply a bncf descnptlon of a vcry convemcnt

but in preliminary studies of the clectrification of mounting
divisions’ of steam railroads.. The method was developed by
Xr. F. I3, Geibel, assistant engineer, Southern Pa,c1ﬁc Company,
in the original study of the problem. : :
The conditions, as set forth in the general bLudy, 1cquu(, an
. average train speed over the electrified section.
necessary to maintain an average voltage over the sections be-
tween substations. Formulas for the average volts drop over
the seetion were deduced as follows:

™

Let L = distance in miles between substations.
5 I = current per train in amperes.

R = resistance of dlstnbuimg system in ohms per mile
[ - of circuit.
*’ A = distance in miles bctwccn first and hC(,Olld trains.
B = distance in miles between sccond a,nd Lhud ua,mq
: <« .V = volts at substation. :

E = instantancous volt drop on Imc _

g D.= average volts drop over section between substations.

. X = distance in miles between first train and a substation.

i Considering first only one train between substations: -

Lo _ (—L—) I = current drawn from one substation.

XR = total resistance to same substation.

Therefore E = %{ (XL - X

L

‘f : : = 0. = d 2 '
3 but D 2 S (AL X% dX
%‘ = —bl,—R I L = average volts drop.

of xl17$sLutions;-balallcing off the losses and fixed charges of the '
Any such discussion requires the

weldom, if ever, are obtzuned in practlse hcnce the detcrmmatmn L

and quick method of determining the fecder and substation lay- - -

Tt is thercfoie-

Y
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Sumldrlv formula.s fo1 two and three trains in a bCCthll were
deduced for average drop as follows

Ouc train between sxibstations, D= é RIL

Two trains - ¢ . ¢ D=

“Three © '. « “ D = _1‘,_ RI[3'L_:.Z.,,(f.‘)‘.A-..,____;_..'.

~If the trains are following at cqual dlbta.m,c,s then 4 =8
and thc last -formula bccomo

L [a g 2047
) = 6 Rl [.;.L i

The lowds on Lhe substations were plotted graphically for sev-
, and the heat- -

eral substation spacings up to twenty-five miles
ing Joads were computed for cach spacing. It was found, how:
ever, thatl the heating load \'aricd 'lpproximutcly as follows:

L

Tota ating = 2 H < ’
I'otal ll_c.a.t_m;., (A+I’ ) VI for trains alterne Ltcly 4 a.nd B .

miles apart, when the distance between substations is equal to -

or "rcatcr than the grcatm spacing between the trains. For

trains of cqual distance apart total hcatmg 2 (21;‘1 )VI VI is

the ampercs pcr train multiplied by the substauon voltage. -
- It is to be noted here that all of the above expressions apply
only to direct-current systems and cannot be used on single-phase
systems without complication. It is, also, to be noted that the
formulas are deduced assuming trains running in one direction
. only, as, on the grades considered, the trains coming down grade

donotdrawar u.mmq current bhut only a small current for control
purposes.

In applying the for mulds Lo thu probkm m hand t,he followmg
assumptions were made:

2000-ton. trains with four 100-ton locomotives per train.

Trains 15 miles per houl,gp:u ed allernately 5 and 10 miles
aparl.

" Locomotive cfliciecney 90 per cent.,
per fon.

Subatatxon \}oltagc 2400. Tr'un volta“e 2100 avcxa.ge.

Tru.iu resistance 6 1b.

[S'cpt 9
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RRTITNE
' .m 1‘ : w111 be found curves showmg the total co?ldugtw:ity(i
. terms of total million circular mils of copper equa 3;h e1v1V :r-
‘,gt“ cen positive and negative circuits, required to g’i‘;e the irves |
age voltage over the section for various gradcsw o (Saue; curves
were plotted from the formulas given above. 1 ‘th o
»acings up to 8. 60 mﬂos the average drop is greatcr w
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Fia. 2——CONTACI‘ SYSTEM
1 . ‘ 9 nule's the

T train in the sect1on, and between 8.65 1n11es and 2: miles e
L. -average drop is greater with two trains in the scctios

the break in the curves at 8.65 mxlcs

‘There is also plotted in Fig. 2 a curve giving the annual costs
per mile on a- contact system of the required conduutwuy
A cgntact rail system was considercd with no positive fceders
tut 75-b. old rail as negatwe_feeder The annual. cost curve
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shows three distinct sections, namely: the lower section, no nega.
~ tive feeder; the middle scction, one 75-lb. rail negative {eeder;

- and the upper section, two 75-lb. rail negative feeders. As 3

worked out, however, the system required no negative feeder.

From Fig. 2, it is seen that.the annual cost per mile on the con-:

.
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F1G6. 3—BUBSTATIONS

tact systen: for any given substation spacing and grade can be
read directly. R -
Similarly {rom Fig. 3 the hcating loads on substations for any
given spacing and grade may be read off, or, if referred to the
~ annual cost curve, the annual cost per substation is given. This

tataf

S _ ) . o N
“tosts per mile, were plotted in Fig. 4. This gives a _;enes.of
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bat cer Value'div.ided by the spaqi_ng gives ’ch_e su_b_station'annual

coits per mile. - - : _ R .
The above annual costs were taken at various substation spac-
¢s on several given grades and the results, the total annual
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F1G6. 4—ToTAL ANNUAL COSTS
curves, the minimum of each being the economical substation

+pacing on the given grade. _Th_esé re;sdt;s were tr'ansfcrrcq to
Fig. 5 which shows, for any given grade; the economical spacing,

- thw heating load on substation and the size of contact rail required.

As stated in the report, the track district under study was
divided into several sections of average grades.. By applying
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- the latter cutve, therefom to these sections the spacmg and MaN Li“‘ﬁ CONT“CT R“”‘» 2400 VOLTS

heating loads of Lhe >ubstat1ons are casﬂy dct(,rmm(,d Matericl:

110 tuns spec1a1 140- Ib ‘contact rail at $33. 00 per ton.. $3630.00

; ’ Freight thereon at $13.50 per tom........... ... ... ... . 1485.00
N Tl L 176 pairs splice plates delivered....... s 388.00. -
g | EE CONACT Ru] | eh TN PG ! REATING LQRO Bolts and nuts....... e LT 12.00
wul” AN \ . . 0-1bondsat74c.................' ......... . 521.00
2 \ ya " 480 insulators, brackets and felt deltvued .~ 480.00
20 i Paint......ooio T le o 20.00
- \ v 10 inclines at $7.50....... ... vt v, - 15.00
8rs ~l 4 5 jumpers at $100.00. ... . ie e 50000
& T ; i A _ o - Anchoring, modified ins. caps, extra 10c x 176. 17.60
£ 16 » LY N\ R Substation connections.............. ceve -~ 35.00
Wiy y, » : LA -960 long ties excess cost at 50c............. - 480.00
x| iy \ o © " 060 brackets for protectlon at .)0(.. e 480.00
ol VA ™ Lumber for protection................x.... = 500.00 .
1o |- b _____//- N T Bg}ts screws and ﬁttl.ﬂg‘x e .803.00 .
S A LR : . Bt .
08 -.1.2474: E N . i S . ) S $3288.60 ¢
sl : {“i - 3 Bxtras S percent............. e oo . 16440 :
B oUNDS PER VARD : . . . ; o ’ $3453.00
e .'i",‘{o\?,gr??’?,ER S o oo [ Store charges 6 per cent... ... o e . 207.00 '$3660.00
0 5 o &5 ‘ SN fubor: C : )
MILES BETWEEN SUBSTATIONS o L , Delivering rail 110 tons at $1.50. .. ... e '$165.00
Fic. 5—ECONOMICAL SUBSTATION SPACING ' 2 lustalling insulators 480 at $.10............ 48.00
o . _ : N S protection brackets at $.10..... .. 96.00
After making the proper allowance for yard switching and ¥ v rail Ceeerdeene.e 200,00
stub ends, the following substations were located: - L o ;’:’;’tdesc:;f_ 30 ea o o iéé:ég |
No. L | Heating | = S Painting......oveiineeiiie., .. 100.00
substation Spacing - I load .- Installed capacity - . Work train. coovven e e e e 160.00 -
1 5 miles from © | 4900 kw. | three 2000-kw. uhits - & o . _ : $1320.20 .
Bakersfield . o . Extras 10 percent............. P L. 132.00 $1452.20
2 13.5 mi. . 6500 “ four 2000 * ¢ . : : T :
3 11.6 “ . 7200 ¢ | four 2000 © ¢ : . . $10,227.20
4 10.5- 4 . F 7000 “ four 2000 *“ o Say $10,225.00 per mile :
5 0.5 “ - 6600 ¢ four 2000 “« ¢ .
6 13 “ £OB000 4 -| four 2000 ¢ : SipiNg Conract RaiL Costs, 2400 VoLTs
3.7 mi. to Mojuve| | : o i Material: R
' s : N ail at $46.50 del... .. I »7£ (1)
The larger part of the grade being cither 2.4 percent or under .),(l:;:ll:cjﬁl»g: 1 b conth 1.1.1.1 al MGJOdd $211.20 8274000 )

1 per cent, a 140-1b. contact rail was required for the main line

Uther material.......oo vvo i en .. 2560.80
and 75-1L, for sidings. - '

The unit first costs used are as follows: o _ $2772.00
- : 3 Extras Spercemt.......oooviuueiiiennns 138.60
SUBSTATION E - . o :
835 per installed kw. 0 ' o _ $2010.60 '
The above is based on a receat west coast installation corrected for ; , Store charges 6 percent........o.v.us.. 174.60 - $3085.20 -
'2400-volt apparatus, . , % o . ) ) : ]
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RAILWAY BLECTRECZIATION  {Sept.d
Labor. ) S : e i I
Delivery of rail 59 tons at $1.50....... P $93.50 .
" Installing bonds at 30c....... e " 105.60 -
@ insulators..... ... ... . ..o ae.e o 48,00 .
“ - protection bxau\c»s...'...._ ........ ' 96.00
“ ail, i e e .. - 100,00
« protaction.,,.-:.._.......; ...... .- 400.00 -
Painting.............. P Lhieuioe. o 100000
Work train..... e P .- 100.00
_ . g1043.10
Bxtras 10 pereent.....o.ooo oo, e, - 104,30 $1147 .40
_ - $6972.60
Sh.y .......... p

" The above is based on Pennsylvania R.R. type of third rail with
protection installed on both sides. Cost of rail js based on New York -

Central cost of special rail. plus freight charges.  Cost of specialties is
_taken from quotations.. Labor is according to west coast practise.

Mary Line Boxpixg

Two 10-in., 450,000-cir. mil bands per jpint.

Bonds. o o e $570.00
Cross honds. ..ol o e e . 75.00
Labor. e e 375.00
$1020.00 .
Extras....ooveveen .. e e e 102.00 $1122.00

SIDINGS AND YaRD TRACK BONDING
Two 4 /0 bonds per joint. ' ' .

Bonds. .o veerien. e S $320.00
Crose bonds . ... ..o 0 i i 100.00
Labor.. ..o i e 400.00
. $820.00
Extras 10 percent.......... e - 80.00  $900.00

The above is based on the aclual cost of bonding in an installation
receritly made in the vicinity of San Ifrancisco. The fact that the track
would be bonded under heavy traffic should not be overlooked.

- §7000.00
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TOTAL FIRST COSTS o
SUBSTATION AND DISTRIBUTION o

46,000 Ky at 83521 e IR - §1,610,000
S Lertad rail . - _ .
.85.84 mi. main lire at %10, 225. P _567;.808 .
.60 mi. sidings at $7000 ...... e e 152,000 - : S
21  ) mx g el ' 825,000
" Bending. ' S ) R :
© 65.84 mi. main line at MIZO ......... e $73,300
21,60 mi. sidings at $900.. ... ... .. 19,440 - | 122]:100-

32,20 mi. yard tracks at $‘J()O. R e loe 29,0060

’\NNUAL CosTs

im Lhc reason that one organization should mamtmu all
eansmission and distribution system, the annual costs of main-

ienance and repair for contact system are to be found under

o Transmission Line Costs, Appendix C..

APPENDIX B

GENERATING STATION

Two prmupal considerations fixed the gcncmtlng st'mon at
a distance from the track: fucl and water.

“Twenty miles off the right-of- -way from a point 6 miles cast :
" of Bakersfield is located a large oil field from which the company

< “stains much of the fuel oil used in its locomotives. Plenty of
witer for condensing purposes is “obtainable mear by. The
sunual charges on a transmission line under these conditions
de not impose so heavy a burden on the operating costs as would

hie delivery of oil at the right-of-way; besides, to developsufficient -
Tor these reasons -
~the generating station was located in the oil ficlds on fairly tevel,

water along the track would cost a great deal.

fut ul where excavating costs were reasonable and on soll suffi-
ently firm for ordinary foundations. :
The load ‘curve, Tig. 6, indicates that a three-umt statlon is
desirable, two units of which would carry the load ordinarily,
»iihone asaspare. A study of the load curve and train diagram

* fivesd the maximum capacity of the units at 18,000 kw. at the two-

nuar wverload rating—an. economical size in first cost and in
sunual operating costs.
vt auxiliary nozzles is in the neighborhood of 10,000 kw., and
the hand opera.ted nozzle w111 enable the machine to carry

5_2.557,:;00 :

‘The point of maximum cconomy with- -
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