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The paper is a study of I hl' r('latiYe llJerits of steam allCI electric equip­
111('nt for 0. mountain divisi('11 of the Sonthern Pacific R.R. The two s}opeg 
tll t.he snlllillit (.f t.hi" divisillll an~  ,'m.!) alld lS,:lllli1(,sl('1n~.  rc.~Jl"cl.iYcly.  
with av('\'a~"  grad('s "f ,1,1·1 and I.a:l \In (TII{" :11111 l'llling gl'ailcs or , 
~.  ~  jler el'nt on (':I,h slop('" j\ss11lllption is 11l:11Jro. of a :HO()-yo!t, t.hird-rail 1 ' 
syskm nsing JOO·lon c]e('\rie locomoti yes ';apable of hanL1li 11g- trai 11 t 
units of 500 tOllS fur frelKllt, alld !i)()-toll lneonlOth;(~s  for 'passenger f~'  
service, On the basis of 'present traffie it'is shown that rdectrification ~'" 

of this division wonld not he jtlsti lied from a financial viewpoint, whether ~ , , 

i.~the power was" home-made" or purchased. i
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MOUNTAIN RATLWAY ELECTRIFICATION 
. , A S'fUOY 01' 'l'mi'TEHACHAPi PASS 

BY ALLEN H. 1~ABCOCK  

During the past ten years the Southern Pacific Company 
has investigated the question of electrification of its three, out­
lets from the central valleys of California, north, over the 
Siskiyou, east, over the 'Sierra, and south, over the Tehachapi. 

'The earlier reports,' inspired directly or indirectly by manufac­
turers as a part of their propaga.nda program, were favorable to 
electrification. The railway company then began studies of the 
subject, independently. The conclusions of its officers were 
unanimously opposed toe1cctrification, by reason of the financial 
results to be anticipated; however, some of its lilies have been 
electrified, and other electric lines have been acquired for good 
reasons. 

Lately
! 

there has been a constant and persistent pressure put 
upon the company officials, by both power companies and eon­
!;ulting 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 connected with any 
$l\ch important engineering work as these installations would 
he, could but fire the professional imagination' .of any engineer 
\\'orthy of the name. Just how ~uch  of this agitation has been 
dne to the application of general statements regarding the benefits 
to be secured by electrification, 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 

, is due to the effect 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 
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tare 111stances arc sufficIently cxpenenccd techmcally to be '¥­

capable of fonning independent opinions on engineering matters. 
~~. 

It is a fact that reports adverse to electrification in the hands of J'J\
these same executives, often cause disappo.intment and some- ¥~.  

times arouse· criticism.· . 
Here, then, are two opposing parties; the one with things to ~y  

:.I.. ;.sell, (apparatus, power, cagineering skill), the other with a service. 
to be maintained, at deci..eased cost if possible, but maintained 10 

~'1"

at any cost it must be: the first reports favorably upon projects i·· 
that tLc .«;cond· considers unfavorably with equal positiveness. 
Some things must bc unknown to both. Either the radicals 
have not all the facts upon which to work, or tho cOI1:'iervatives 

;0' .cannot interpret their facts correctly. ;:.I"
Wonb have been lTInltiplied with referen:ce to the subject until $.: 

aspiring authors well mn.y pausc heforc adding fud, not to Ray fat fr: 
I'·to the firc; but it is with these thoughts ill mind this paper is 

written, not with the i;1 tent 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 r
by one whose reports heretofore have been responsible for many 1·

f
adverse ueeisions in such matters. \:;

It is not intended to be the final word on the subject of electri­
t' 
l0)."

fication of this district, but it is the result of a study recently .: .. 
made to determine whether there was ~Llch  a reasonable chance ~~. 

for profitable electrification as would w~rrant  a very considerable r 
¥expense in time a.nd money, such as was incurred a few sears 

ago in an exhaustive amI [mal study Ot the Sierra problem, for [: 
example. . . r 

1.,'" 

~•...If through the facts given herein, and in the discussion thereof, 
a better mutual understanding will be reached, its purposes will f­
have Lecn served. t.­

PUYSICAL CIIARACTI,IlISTICS 

West Slope. Ihlwrslit\ld to Summit 49! lIlit<:~  r� 
Vcrlical rise - ;Hti4 it. 
Average grade , 1. -l-1ller Ct:llt 

Average eurvaturc l'<111il1 ltl 'l constant :l deg-. curvc. .. r�
t.:Total curvature. 7!lH d'~l~.,  of which G\l(j() llcg. arc between Caliente rand Summit (27 .~ lui.). The loop curve !IllS a tOlal curvature E 

of filio deg. a:~  lI1i Il. 12 ;'l'C. f~" 

t·'EI1Sl Slope, Mojave to SUlI1.lIil : .•..-..•......' .••..•...• 1S.~  mill's ,. 
VcrUl~al  rise , 1285 ft. 

~. 

r
A Vl'l'lIJ,:c gradl' ...•...........•.• , •.•••...........•• 1 . :1:$ 1;(;1' cent� r 
Avcra~:c  curvalure (as I·h<lvr,) ......•.......... , 0.79 deg. (­, 
Total C'lIrvaLun: , : _ 765 deg. K: 

1...... ' 
;" ',' 
"'.~J ", 
<. 

l~~:.,.<.;<.· 

r-='COCK: kAtt"wA y ittkctidFicAtjON 178~1!l13j .......� 
-.. 

The ruling grade on each slope is 2.2 per cent, but these grades 
are not compensated for curvature so that in effect the ruling 
grade is 2.4 per cent.. The maximum grades are long enough to 
lix the weight and power of the locomotives. The average 
distance between sidings is tg.rec miles; approximately. . 
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f<OTC­�
ELEVATIONS ARE PROFILE. GRADE� 

S.P.R.R. DATUM 

IM... XIMU"1 GRADE (FEET PER MILE) . 116.16 

!------~-------
I 

I CURVED r FROM O·TO 6'INCL. 11.34 6.44 

LINE I u 6"01 " 8" II 2.38 
(MILES)_L. " a··Ol"'O' " 7.67 2.03 OF 10"01 &. OV£R 

.....;.
TOTAL ASCENTS EAST--\fUTl 3686.885 5.5.­ .,.. .. WEST l ) 76.885· . :,. ":i~-1i~~03=!-

TOT\L CURVATURE 79·W 

FIG. l-CONDI(NSIW PItOl'lLE. 'fRIIACIIAPI PA~S  ;">•• 

In delermining cnl~rgy  cOlhiumptiun of tr:iill~ 1110ving over the 
lwallltain tlw adual eharacteri~tie:i  of the lilw Wl~I'l'  tlsl'd, (Sl~L~  

.:\ ppl'lHlix K), but in detcnni ninK load diagr:mls :l1l<1 substaLion 
spacings and capacity, the following close approximations were· 

http:gradl'...�...........�
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made to take care of the ruling grade, curves, etc. (For their 
application sec Appendix A.)· 

Scction· . Milc~ ·Averagc grade� 
Bakersfield to Ellison : : 7.2 0.5 per cent� 
Edison to Caliente ~  . , : . 15.1 1.5 ~  "� 
Caliente to Sunll,Jit ; . 27.2 2.4 "�II 

Mojavc to Clll11cron : '.. , ; . 10.8 2.4 ~  "� 
Cameron to SIIJlllllit.·; '. , : : .. '.. 7,5 0.75" "� 

Thc average freight train, e:'l~tbOlll1(l,  weighs 2000 tons, 
excJu~ivc  of Joc:omotivcs. Four consolidation type locomotives, 
or their cquivalent in Mallet compolmds, are 11scd to. halllthis 
train from B~Lkersfield  to Summit. From Summit to Mojave 
Olle IOCOl1lotive is useu for su!,plying air for brake purposes, etc., 
and the othcr' three return deadhead to Bakersfield. Thc west­
bound freight tndns are lighter than the eastbound on account 
of thcfact tll<1.t much of the w('~tern  movement consists of cmpty 
cars. The normal weight is 1250 tons, hauled by three con­
solidation locomotivcs, or tlH'ir. e(luivalent iil Mallets; or a 1;j()O­
ton train operated by three eunsolidation or decapod locomoti ves, 
or their cquivalent in Mallets. The helper cngines cut out at 
Summit n.nd .rcturn light to Mojave. 

Jn order 10 provide a flexihle unit it W:l.S proposed to 111'C an 

el('dric 10Col1lUtive, capable o[ handlillg a t.rah\ \111iL of flon tons, 
as many per train to he u~c(l  as the weight of the tra.in requires. 
The wdght of the clectIie locomotives is assumed at 100 tons. 

Passenger ·train weights vary from 250 tons to GOO tons, for 
which a sin~Jc 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 isseven regular trains eaeh 

. way per day, with occasional extras and second sections. 
The track, particularly on the west slope, :is laid for the greater 

part of the distance in rough country, in fact between mile posts 
326 and 301 all the track, with the exception of a short stretch 
near Caliente, is in cuts or on fills. It i1lay be said generally 
that at leasl; 11alf the track is laid in conditions where any over­
head contact system would n.:quire, necessarily, very expensive 
steel pole 01' bridge constnlcti')1l. In addition to the above, there 
arc 18 tlu,lwls, in none of .which thc vertical clca1'ance is more 
than lSi ft., and GO per cent of their total length is on lO-deg. 
curves. A detailed list 6f tunuels is given in ~ppendix  L-l. 

~":  '. "l':L 
~.,  ;, -~~\. 
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\ T't·· !.Experience ":1'h sinlilar earlier report::> has shown that, int 
:.{ ~:...'Jlcral, there is little difference in total first cost and annu~l  ' 
f'" operat.ing costs, whether an overhead system or the third rail 
F system be considered. A double ovcrhead contact system gives ·"t· .. niaxi\J1U1il first cost and operating costs for contact systenl, and ' 
~, '. 

~",', , l1Jini1l1um weights, costs and maintenance of locomotives; a 
t·,
'il.'" , .. single overhead contlLct system gives high first eost and operating 

:< :~:: costs for contact systcm, with maximum wcights and mainten­

{, !",
, .. 

. llnccoflocomotivcs j the third rail gives high first cost and mini­
mUIl1 operating. cost of contact system, .medium loco111otivet· 

t: 
~, wcights and first costs, with minimum operating costs, but the 

~ .,r total costs are bt;ought up to the level of the others by reason I, " 
~t r ....d t.ho necessary· substation apparatus and attendallce. A ~' ','~~:. ,.choice of systems therefore is to be made only after an exhaustive :'!. ~ ~t 
~., ." 

. f.llldy of all the local conditions; 
~ 

t: In a preliminary study, as this is, it matters little what par'­
t ticular system of propulsion is chosen, upon Which to base thet c":i111atcs. For the pm'poses of this discussion D: 2400-volt 

continuous-current, thi.rd-rail contact system was selected for ·i
...• ,i 

r I:· the main line, with an overhead contact system in yards and� 
terminals, at Kern, Bakersfield and Mojave.� 

III the following, the Fil'st Co::;ts arc based on thc present f· 
I rame as shown by thc Lrain dispatcher's sheets; the Annualt Operating Costs are taken from the reports of the fiscal year

f ending June 30,1912, for steam operation, while the ~i.me  tranie 

f 
r~, 

i· ~;id  reports are used, as far as they apply, in estimating the costs 
ior electric operation. :i"" 

)-:: 

t: FIR:>T COSTS 

~ S,l!):;tatiun~, Appendix A ~ .. ~  . $1,610,000~" 

~ ":'- ;t;\,!lnating station, " B .. 1,760,000t. Transmission system, ". C , . 430,050 

E
\.' 

COil tact system ·(yards) ... , ~ ··C . 155,250 
.. II (line), II A ....•............. ,. 825,000 

nonding, A , . lS2,300" t .. nlock signals, " D ~  175,000.t~:"  S110ps and inspection shed, II E · . 10.000if;. :., '.Elect.ric locomotives, " F . 2,085,000 .
t r·
{, TotaL ' , " $7,172,600 
r 

Crr~dit  ~7  steam locomotivcll released� r ~ 

for service on other division~,  Appendix G. . . . . . . . . . . . 1,464,\100 ,;�~ 

t
~.' 

Net· first cost, , , " ; .. .. .. .. $5,707,700� 
I',� 

l
~  

j, 
",',: 

~.  .:..j 
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ANNUAL OPERATING COSTS 

.(Steam-generateJ power) Steam Electric t, 
~  

Suustation lauor and ~U:pplics,  Appendix A . 859,700 
Power house labor and supplies " B . 84~  780 . 
Transmission and con tact system t 

main tenallCC:, C..... . 36,576 " 
Maintenance of \vay as affected t: 

by locomotives, H....... $126,890 83,2fl;j" 
Locomotive repairs, 1. ...... 270,900 70,701 ~. 

Loco. l·.nj:(ilH'tllCn. (l'''SSl' Ill:l'r), " .1 ..... 48,:300· 29,100 

" 
~  ..I!;.~ ..FIlCI, K. .... 240,852 100,530 
.~; 

S087,032 $464,672 II·t 
BUllll interc.st at .q per ccnt. :.. . . .. .. .. .. 256,847 , 

tTotals , " " .. .. .. .. $G87,032 S721,51!) 
Nct los5, $:~4.1S7 . . 'I~·-· \ . .'.'In the above n(l ;lccount i~  taken of items not affected by char­

til
':~  .. "adcr of mot.ive pow('r: freight cng;nemel1, and all train er('w ':):

(.. 

wages, repair~ to cars and maintenance of way as affected hy· 
ears--·for exam! lie. 

The net loss under propo~etl  electric operation is so small t.hal; 
'it inight be wiped out by a reasonably small change in the as- . 

~ 

sumptions i in fact, at this stage of similar investigations often I
~.

there is a temptation to search for opportunities to change this, ( 
. or to modify that, as the necessities of the case <;l.emand. This ~ . 

important fact should be bome in mind, however, that in thc 
I. t·· 

foregoing no aecount is taken of taxcs and depreciation, both of ~ 
~.which .l11ust be paid, some time, by some. one, to the extent of 
~~ 

at least 5 per eent of the net investment, which increases the V 
~, 

net loss by approximately $285,000 per year. y, 

It may be. asked, why is depreciation not taken into account f.
in the usual manllcr? The answer is, since there is ·a loss, or at r' 

~ 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 thc academic discusslnlls that inevitably follow·the ¥
opening of a ~t1hjcd  concerning wh\di opinions reasonably may· ['.
differ as widely as 011 thi~  much di~ptlted  particular. . }. 

But power may be purchased, a;:; is oftefl suggested by. those f
,J"

with power for sale, hcnce it i~;  pnlpcr to determine at what . .. 
rate this power may be purchp.sed alit! come o'ut even as compared ~. 

t:· 
with operation by steam-gencratc.:d. (lower. Obviously any rate f·!:;
less than this will be profitable.. {, 

With purchased power, the total investment will be diminished .r'. r.<
>'."
f·· . 

, : /'7'""'._\ . . " 
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~l',  t he costs of 20 miles of transmission line~nd  of the generating� 
;;~;.. ~:()I1, it being assumed that power will be delivered at some.one� 
!,.,int all the right-of-way, whereas local conditions located the� 

, stram, station 20 miles off the right-of-way. (see Appendix B).� 

The oct first cost was ~·  ' ~ ..:.~ , . " .. $5,707,700 
. Tri\nsmission line, AppendixG .•............ ,$120,000 
. e"n(:rat.ing station: " B. , .. ; .. ~  ..... :. 1,760,000· 1,880,000 

. /'c;l\'inf: a nct investment withpowcr purchascd .... : ..... $3,827,700 

ANNUAL OI'ERATING· COSTS· 

(Power purchased) 
Stcain. Electric 

S,i\"lal.ion lrl.uor and supplies, AppcndiJi: A: ... $$!>,700 
Transmission OLnd contact systems 

n\:lintenancc, 
II· COo .... 35,576 

.\Liintcnancc of way as affected by 
t. ,col11f)tivcs, ·.H . $IZ6,8HO g3,285 

1.I!('omoti\'c rcpairs, r ~ 270,!l!1O 70,701 
I.. '(·ol. (·ns::in('n1t'n, (passt'Il~('r), ] .. -il:l.aoo 29,100 

F'!I·!. " K . :.l-iO.8ii:.l . 

$6,1<7,0:52 $:!78,:J62 
;hl1d ;n(cr('.:'t. at 4·~  per cent , i72,247 

Tn!.:tl, ". . . . . . . . . . . . . . .. $61:l7,0:J2 $450,60!> 

The ditTerence, $236,423, should be decreased by $191,385, 
(:,1\(' nprroximate tax and depreciation rate of 5 per cent on the 
!')('\ il~\'estrrient  of $3,827,700), and there is left the wholly ill­
:l,kqllate sum of $45,038 with which to purchase 53,000,000 
k\\'·hr. at a load factor of about 20 .per cent; with no profit 
\tl show for an investment of nearly $4,000,000. 

For .t.he sake of the argument let the depreciation be neglected 
;in<l let it be considered that $236,423 arc available for the. ptlr­
,b~c  of power under the operating conditions of the service. At 
:i11)' time there may be four passenger and four freight t~ains  

I,ulling up hill simultaneously, taking a total' of 32,720 kw. 
,,!t('rnating-cuncnt input to the line. This is not the maximum 
nnmber of trains that is on the mountain regularly, but represents 
i:ll1y those: taking power. . A slight derangement of schedulc~,  

()j' an extra freight movement, citrus fruits or oil, or a blockade, . 
!flf example,\-vill cause congestion beyond any possibility· of 

. 1.'.;1 irna\ing. This traffic .must be handled as circumstances re­
quire. It cannot be spaced conveniently for power demands, 
as many engineers and power men have suggested, but the term­

·.;.t~
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inal yards must be Cleared as the cars aectimulate. Is there 
any power company in th~  west coast country, or even beyond 

. the rcac'\ (.r such a natural power source as Niagara, that would 
care to -'llldertake such a load for any such yearly return as that· 
named in this paragraph? It would net about 4~  mills; a ratc 
that neither the purchaser nor thc seller could afford to consider. 

. In the face of the forcgoiJl~~  it is difficult to sel~  how any rcco111.­
mendatibn in favor of electrification can be made, ·if the opinion 
is ba.'ied· Ol! the direct financial profit to 1..>ercalizcd; in o1,h\:1' 
words, this casc is 111erc1y another example of the fact often noted, 
thatin t1\C gre:it majority o( cases the prof\ts from electrification 

.must be realized indirectly rather than directly,-increased 
track capacity, postponing second- or double-tracking, or thc 
like. . . . 

It may be ui'ged that a larger c1i~trict  would make a better 
showing. In this conneciiull it may be noted that the line frol11 
Bakersfield to Summit is ~tl110st identical with half of thc line 
assumed in Mr. Hobart's ]lapel' on 2400- Volt Railway Electri­

I. 
fication.*On each 5idc of the slllnmit Mr. Hobart's assumed 
line is 3800 Ct. rise in 48 miles with the ruling grade of 2.2 per 
cellt, while the west slope of the Tehachapi is 'H)~  llliks, rise or 
3704 ft. :l1lcl a ruling grack o[ 2.4 per cent. Also rvlr. HobarL. 
,m;SU1l1CS freight train weight on l}cavy days of 1800 ions as 

. against 2000 tons 011 the Tvhachapi. Furthennore, the Sierra 
study covered a district 1;"nore than double the length of the Te­
hachapi', and the result \Va::; the same. . 

In thc' va.rious appendices will be found complete details of 
all the clements of the iuvestigation, as noted by the cross 
referenccs given niter'thc various items of the tabulations herein, 
. Acknow1<:dgments are hereby madc to Mr. G. W. Welsh and 
Mr. F. E. Geibel, both Msistant engineers in the electrical engi­
neer's office,' Southern Pacific Company, for a;ssistanee in the . 
preparation of this' paper. The fonnet made q. thoroughly 
painstaking study of the problem as'a whole, al'l.d to' the latter 
is due the Jil)VeI method or dctcnnination of substation spacing 
and capacity as detailed' in AlJPcndix A. .. 

AI'PENDIX A 

SOIlSTATlONS 

Subsfalion Spacing and ncaring Loads. .It is not the purpose 
here to go into a theoretical discussion of the economical spacing 

* ".'See A. 1. E~ E. PROCEEDING s, May, 1913, p. 10 U.' 

~ .. 
,;0( ~\lhsLations,· balancing off the losses alld fixed chargc!> of the 

:?~.~ '.t .. diSlrilmting system against the losses and fixcd and opcratin~  

dlar~('S  of the substations. . Any such discussion requires the .It lengthy consideration of various operating conditions . whieh 
'" '. ~ldom, if ever, are obtained in praGtis.e; henCe the determination�
t~:,:· . kacls nowhere. .. .. .. .. .� 
r::to" .' The following is simply a brief description of a 'very convenient� 
·1;;::·':, ... ;111<1 'luick method of determining the feeder and substation lay­�
":r'. . . :~. 

~  .. O\;t in preliminary studies of the electrification of mounting 1.···
!(. 

~I:
~.  clivisions of steam railroads.· The lilethod was developcd by� 

Zltr. F. E. Geibel, assistant engineer, Southern Pacific Company,� 
;~  . in the original study of the problem.� 

',"';:' 
r ( 

.~.; . The conditions, as set forth in thegcHeral study, rcquire tin 
I:~  

. :l'.'Cruge train speed over the electrified section. It is thcrcfoi'c :,', 
~  

r:eCC$sary to maintain an average voltage over the sections be­
t \\'(~(;n  substations. Formulas for the avcrage volts drop over .<: i"f< 

l{ t1l(~  scction were deduced as follows: 
f Let L = distance in miles betwecn substations. t:"~.: .

I = current per train in amperes. 
";,I:· R = resistance of distributing system in ohms per mile 

of circuit. t
Yr' 11 = distance in miles between first and ~ceol1d  trains.� 

f' B' = distance in miles between second and third trains.� 
V = volts at substation.�f E = instantaneous volt drop on line.� 

j:" D = average volts drop over section between'substations. 
1' .... .' 
~ X = distance in miles betwecn first train and asubstatioll.� 
.t: Considering first only one train between substations:� 
.~. 

5;, 
f:' 

(I-X)' .II:. . ~ I = currcnt drawn from one substation. 
~ .. 
~. 

~. 

XR = total resistance to same substation.l"!::. " . ~;;: 

}': '. "... :~  

!I?" Thercfore E = R/. (XL - X2)· ·n 

" 
-.-:. ,:··{:f:~~:;

~". '.'. ~l ., 
'L .1: 

~nE  = 
~.  ~  

J butD cr. f<XL-X') dXL
~: .. o· '.t· 

K 1 . 
t = (fR I L = average volts drop. 

<", :,ti 
I:;'·· ~ . I

h 
!:1 

'. ;:" 

Ih.;;o:.. 



.;.:;. 

170-1 B.1B.COCK: RA1L~~A Y ELECTR.IF1f~·~+lON [Sept.!l t' 191:1j BABC~~ RAZLWAY ELECTRIFICATION 1795 ; . 

. Similarly, forlllu1as for two and three trains in a section were In Fig. 2 will ~e found curveS sho~ving thetotai conductivity,� 

deduced, for average drop as follows: . in terms of total million circular mils of copper equally divided�11< ..
. . . . ~ 1 

,If
~.: . L.<.'twcen positive and negative circuits, required to give the aver­

These ct).rves '.:.,
One train between substations, D = 6" RI L age \'oltagc over the section for various gr~des. 

wac plotted from the fonnulas give.n above. . With substation
. 'r
~, 

o 

. 
'

f.p:lcings lip to 8.65. ~les,the aver.age drop is greater with one 
Il.·Two trains " D= fr RI (2L - 3l"i~) " . 

PER CE T-' AA E.I. I . I I J_I- _---"I-~-~~~--""::'f'·' I.... =- ~ ·-1-··- -- -- - -' -ll·Three " II II n = ~. R I [:t L - 2~~~_±J?YJ H.11 L:_ I~... "~F~'~~I~ -_. i G_ -- ­

. L 6- =t 1-I--R,aJ"iEh~iTc i.k-1i:'lj- ,,/"--,:j­f
~.-' -/_.,-- . ._y-. --1-'­

••.• ,.•. ; ·'.':.~·,i<NiJA: r.".~fP'
Cl 

-- j- ··t-·,·· ..... -- _.. e--. - - - - - .IFI-··Vi --).-. "" -­
a. / I
I) , •If th(~ tr;lills are [llIlowi;\g: at cqualdistancc~ then A = 13 1ir>
~ 7.0 - - ....i I'. - - . . ).­

•.~ .. I-.·.~+...._. ~1--1·- --I .. -J. -I-/-- . r
,

ana the. 1<ISt .formula becomes 
a
>- II.. , 1- ,·-c-l-I- - c- - '-Il~ __.I ..J .• -.r :: '.' - _. -+- ~ ~-I- -- -- • ~.J. I- - 1/- -v _. -,­

1) = } R 1 [:~ L - 2 (i1J-] ~ ~ 11.0 ·-r I- -' - .+-_t~ *.-- --IZ _iii -- / ·-v-- . ,'t.:. 1·,t!H
r·~·

_' 

' r K -e-,rf -~... ;: -T­
~ 8_j.~,.I---- -1-1 

- ..... I·~ -~.V7 --17 .--;1- -I-j-�
The loads 111l l!1C substat.iolls were plotted Rraphical1y for sev­

r'
t'
f'" -t I--,i-I----f-" 'jq- j / / V ---+­

,.r. z .,11 __ _ . If"� 

eral substatiol1 sJlacil\~s Ujl to twenty-five miles, and. the heat- .� ~== -~:-. -&I/~ ~ =-/-V~J:7r~b-::~ ~ ':" ..~ I~l~'~ -- g-/.­ing loads W('re COlllputerl for each spacing-. It wasfollncl, how~ o'!! I. f -- '-i7V- -~·17-' 7 lC .... 
e\'er, that the heating load varied approximately as foitows: f "'i: ..... _.- -'--"--'-I-ffN-' -1/.,.. N. -'-,--­

l ;. ;;.l.<i! Tn'· _. -+_. -'-f'T,Tl!Z -V-,-)t!·>"I--v"~L 

.~:.
n:~ [--I !-I---f-.- - IJI . 7 J--I.£--VE f"<; -~-

Tot.al h~~;'t i ng. == 2 (-;1 tj.T) V[ for trains aILematcly A and B . :1 z .I.·i.·· --1-.1-1-1---'--P'-I/-I--i/- I ~. 1rl: . 11.:/ If _ . y
:>.uJ

} 'X I .­
() ~:I 0 .. rt / / 

mile;; apad, when the distance between substations is equal to . 1 ~~ . ..-" 11 I� 

or greater than the greater spacing between the trains. Eor z (!l ~.~
v '" , 'i / / /. T T \l I 
Q 'v ,. I is:F

r
.1::r­

j 2.0 . . 'if
trains of equal distance apart, total heating'=2(.2~·-) VI.' VI is 

l' I----J. .0, . 1( . 
I • --I • v ·1 I I ! I -H-I-+-+-· ,'. '. ~ ~ .V/.f,. :. 1." .~--r-/",,,,..,;.<

the ampere." per train multiplied by the substation voltage.. , •. ~v/'/ ~. ".' 

<. 2 J.o~ ~-"_.~ . ­...l' I n-nli1TttT I II -11' I 

lIt is to bc noted here that all of the above expressions apply 
__ I ' .Z .... Y /1 I T II I I II I I j� 

;c lIIlll111I1111Ul'�
only to direct-current systems and cannot be used on single-phase 

~
o.~ .~tA.-t::
 

systems withollt complication. It is, also, to be noted that the 1 p..:.f I I ttttj .....�
1)00 :.100 100

llll) 700 uoo r,oo
formulas are deducc.:d aSSUr)1jn~ trains running in one direction 

DOLLARS PeR "'ILE ',', 

1~. !)() 2;1
only, as, 011 the grades considered. the trains coming down grade t. r. 10 

~oo 

: ;~~: MILES BETWE.EN slJaSTATloto/S 
~...

" ,~.
~.'.do not draw a runnillg current J.JIlt only a small current for control 
j': FIG. 2-CONTACT SVSTE~I

purposes. f.. 
~. 

train in the section) and betwceil 8.M tuiles and 2l3.n miles the . .In applyil:~ the formulas' to the problem in hand the following $' r:·: 
assumptions were made: {>. 

. r'<:erage drop is greater with two trains in the section.. Hence 
. ';':",

2000-ton trains with fOUl' lOG-tOll locoinotives per train. 
l!1t' break in the curve~ at 8.65 miles. .'

Trains .11'') miles per hour, spaced alternately 5 aml 10 miles fi
t 

';', There is abo plotted in Fig. 2a curve' givirlg t,he :l.I1nual costs
aparL.. 

'"~. 

p~r l11\~e 9n a· contact ~ystem of the required conductivity.
Train resistance G lb. ~LOC01l1l,t:i ve cfllcic.:ncy no per Cent. :f· :\ c'JiUact rail system was considered with no positive feeders

per I(on. . . 
~. but j ~-lb. old rail as negative feeder. The annual CQst curve

Substation voltage UOO. Train voltage 2100' average. "\:
t
~~": .
t·:,.
.f.~;~;::;;;"I~·:' ,",. 
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r~	 

~F'" 

.!~.;~.... l..1ttcr value divided by the spacing gives the substation annual
shows three distinct c;c'-ctioll", namely: the lower scctioil, no l1ega. 

. tive fceder; the middle section, one 75-lb. rail negative feeder; :r..: \."t.:HS per mile. . 
As 1;:�

The above annual costs were taken at various substation spac­
and the upper section, tiYO 75-lb. rail negative feeders. ~';'

worked out, however, the system required no negative feeder;' 1:.·.... ·· lrlli<; on several given grades and the results, the total annual 

From Fig. 2, it is seen that the annual cost per mile on the Con- C')s:s per mile, were plotted in Fig.. .4; This gives a series of
~

fI 'I I I -.l-� . I I 2A '!
Ij ~­.Fi~ I�

1 1 f~ 2f·l()r, I -,~ J ,J #-1' I m~t-f~ 

t~ .MlM 1'J ~ " Ii-. .. ' ."
. ,:

)"j
..... _II~M~~·I~ ~~: ~~: -:i~)E~~~' ~~ ~tf=I~ ~H--f-Hi-_--t--11- --+ '"".2'_:~'-	 I _. 

-'-"
.. _ 

.- ..... 11._-H--I-A-l
~' 2:'1 . I ' 

+- +-- -!'-I-+--­.11\- ".-. --- -. --j-I--- - - '- _.-- -'-'-""111-[1:::1_- i~· ".'-+.~>-+:'": ')i\-;01 ~- -;3=,
J;,'Ml()j T K- -t-----!.-+.r--� _ .>

!- )"-K:-; ~~r'-;:-~o, ;;:'+f' -I-t- -;;-, ~~!o';V; ;;::V-1-,k' --,Il:n- .~ .,Ji-+t+-f-i_;;-H-+ .~~: 1 +-1=Gt~ 

"lfk~11 i'" . '-""/'Il-l -- -I-I- rl'''' -,.. " r / Lj, _ 
t fi"T -H ~- C'1 -"_. I

. -'" ... --Pi--r1 ·, -1- •. - ... ,.. -I- - t- -lfl-'~...L _I -'=q=z·,(ltliTLlr-� T ,-:=~~--~~ -)_.".J='~l.L11 I" tj1 -1-1-1­' lb-l-l-i-·t · __ k.~ --1- I­•~lll() . t-I-i'� I_I
~ I . .- -"-T-- " ,wl .

1/ g� z"/ --t-r-----'I !'I' ~--i--r;,.·-V-- . 
t

"·~·IT' -_~~H:=-lI_~~_6' ~lIkl(l-- t- - r- -r"- ---, '-'---j- -V-Vl-~~b~ 
;::HI'H" --" -. --- il ·VV·J/'·/H!_, -- --'17I!;,!I~­ f 2~iI) -11 _L.... -~..'~ ..J:t1 ,+ l-. ~ .LI-l§

UI 

llUlliO --'[" "----- _ ••• -+'1-1'; -[7 - .. l/- -I( [];C"VI-I-U� _.\1. -nL(...,f!': 
... , .. -t--I-- -- -- - --j--.. -I-I'J--L{j/-i 1(._171'" i:":! ~ I" ;: -r1---l_ - TT.·-~,-l· ---: ~j J. 

1 1.0.~ " 
;;: .Kkk! +..--- ..-- ---1 1__ -V--V<! L 1C17 ~

 Y V 0-� ',,~ 1 1 , +. t;r 
~ l l...'":f--'"'1 +--r--I-r-- - - .---yl/- - IJr VV.,·-l.,....+-I-+--l f ~ 1 I.l +'T " illO'� u. 2WO

• 
,-I _1-1-, .~, -->EFJ=-''''''I i I...• !_.1,,1 I _.

I-!-_ ....I--I- .. i i-v',!j!/.J~l/,---v- .. _"� 'f> J-T~ 'konO·.1� I<. 

I* :5� l!'~'--B- I =l= -r -r • ~t-r. 

_I 

~
~ ~('l!( -1"1~-'!-.. .. ',--'- '---- -i'Hj-r:l'7i/JLvr--+Xl-V~r-/,k-:L J:~ 

~ a l:lllll-- '-, I 'I -r.- - I I •",'" , , f-'-'-V-¥-i-LV 
1/ ~/" t,...-l[Sj­�

~ 1-" '

~ I:·/·r.-----J--y )' /� 

>

t
(

o liI~1O -;--1- - 1- - -~/"I.V-V _. ~ ~ :/- --~K" :..- -t-r--J-j R. 1111l1H--H , I I I , I I I I 1 I "~-1 I I ! I I I f---l-+-l 

~ -+_L ,-; r-I-,7?,' Y '[7V" V 
~"" 

r~H 

~ . 1.. -1---J--I
::.:: ., Yb" 1/ 

1/� 
'J(;t1O~'­ulHlOr-!J'- .;.� .~ 

I'.. _,--;' --I-r-I?f0/vYl7v :/ :: ,......1-'"� f·
~	 I !_.JOuo,'=.d . '/ -_ ci/y~ J2~ c;-,...,r-j/~ tl-7~p.f.,,'J~S~ I- ~ .. ].";10� ,.

U~-~ ~~v~ _v / ~ ~	 U/lO _I· ;"1 I I I I U f...!· Lj)7lU'~H-+­
. -r.:I .....:..~.>-:~'('.t-:f*fl-"++-++-H-I-+-I++-I. '---1-1 vV'v: .... I"-:y, 

2lklO _.: .. ,-~ r--vpi£:p.-k: ::::-I-''''f"''-t--j-i-r--H-t---HH---HH---l--I
_..1_1_1 ""!--' I-"f-" ,. 

l
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t·
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1()(~I-i i "'-1-- _+ 
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f
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·15,000 ·/0,000 :~,IJOO U(J,OOO 25.000 
20,000 o u 10 15 20 2G 

OOLLAns PER SUBSTATION� MILES BETWEEN SUBSTATIONS
o� .5 . 1O iii 20

MILES BETWEEN SUBSTATIONS ~ 

FIG.4-ToTAL AN'NUALCOSTS 

FIG. :1-,SUUSl'ATIONS 

Cli:VCS, the minimum of each being the economical' substationf�
tact system for any given suhstation spacing and grade can be ,\. ~ <,r-[lc:il!~ 011 the given grade. These results were traIlsfcrred to 

.� t:: Fig'. ;) \vhich shows, for any given grade; the economical spacing,
read directly. 

I~ 

Similarly from Fig. 3 the heat.ing loans on substations for any ,h,; iwating load on substation and the size of contact mil required. 

given spacing and grade TIlay be read off, or, if referred to the As stated in the report, the track district under study was 

divided into several sections of average grades.. By applying
annual cost curve, the anminl cost per substation is given. This 

-;.. .. 
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~:.;: MAIN LiNE CONTAq' RAIL, 2~00  .vOLTSthe latter curve, therefore, to these sections the spacing and . . t~ .\liJluicl: ..' . ..... '. ..' . . .
heating loads of the substations are easily determined.. lID tu:lS special140~lb.  contact fail at $33.00 per ton,. $3630.00

~: Freight thereon at $13.50 per ton.'. , . , , , , . 1485.00 

L .-i ~ .. 176 pairs splice plates delivered ,:,.~.....  $1$8.00.': I I I I I I I I I� . . r;;; E dO~ AC' f Ie iJi:~1";- CN;SP clifo I! I 'iEATING Lq'~ Bolts and nuts ,' ':.' '. . 12.00� 
~A r ~ , --~  I I t 

$ 704 bonds at 74c., , . . . . . . . . . . . . . . . 521.00�- .. --n\ f- -r-j~  r.-H-hr-:-l·+-l-· ~ :j.j" 480 insulators, brackets and felt delivered... . 480,00~':)L LJ,I I" i 
~.~ 

I ' j\ ,; A ~ .. ".: Pain t .. : ... , .......•. , ...: . , .. : .. , , , . . ~o .00� 
.,~.U  Ff"- -I-f- - ~!.\.  ····1·...;- -1\- . -,I-I-+-I-+-1-+-1+-11 10 inclines at $7.50 .. ,.:; , , : ., 75.00.... ' 

.- '-.-·I···I-f-V-l-~  -1-- ./(.+ , .LU' 5 jumpers at $100.00., ;.. .. 500.00~  I.~  t-- -f-f- f- - -:'r-I- 1\ - I·-v- --j·-I-I-~~-~-··- ~ 0 

0: • • .oLi·- JL .-l . Anchoring, modifier! ins. caps, extra IDe x 17G. 17.GO 
. , .+'1 'Ii l:> I (j ~_  1/ I .~., Substation connections : ~ ., ,. : ' . . 35,00

§I'~  j_., ....+-- ·-.tt'=''' ._ ..\ l/ --+_ ....!-_·1-
'.~. %0 long ties excess cost at 50c. , . , , , . : , . ; . , .. 480.00 

~. -f _e-:_/... __I._,J..;_ /' i\ - I I. f' .(JGO brackets for protection at .'iOc:, . , •..... ; . 480.00 
I I I.V: I I 

~ l.:l '-r--- ~i_ i-·'··"~···i,·---+--t'I.·+-t-+-+-+-+-t-t-+-+--t- 1 l.um bel' for protection :' ; , . . . 50U. 00 . i:,'
~._... 'J b¥ .. ;__ ' '\1 1- Bolts. screws and fittilll'{I> ·, , .~O.OO.  

I.fJ =L,.. ~J-:...-i/::::~J-_·- .. _~- .. p.. +------_.. t ,ti
~ . . . . $:~288. 1)0

0.1:1 . -f7r.. :? /-1---1- -i·..·:- ,I- .-1- -t-H·· 
Extras 5 percent , , .-.... 16·1.400.(1 ., /L....- •. j I "H- f,. 

1m I:JO 110 J'J() lGO ~.: 

POUNDS PErl YARD $34S:{ .no� 
.',(JI~) :.1110 ,>800 ,In.() lilJOO 7000 7~OO 
 Store charges () per cent ...... '.. , .. '.... : . 207.00S3660.00 

KILOWATTS PER SUBSTATION K(; 10 1,3 :lO 2;. :.lJfJur:. 
:. ~.MILES BETWEEN SUBSTATIONS i \)cli"cring rail 110 tOllS at $1.50 .. , . $165.00 

FIG. !j-ECO;'W~IlC:AI.  SUBSTATION SI'ACINt; 
~  

111~talling  insulators 480 at $.10 , , 48.00i protection brackets at $.10 . 96.00 
t rail. , ' .:. ' ' . 200.00After making the 'pro!x,r allowance for yard switching and t 

bonds at $.30 ea , , 211.20 
stub ends, the following substations were located: t protection .400.00II . 

Heating' t Painting ; , ' , 100.00
No. I.Isubstation I Spacing load .. ' I Installed c'-I.pacity W"rk train , " .. ', .. "., ,., . !GO.DO ~:..•;;.t•t . $1320.20 

," . 

1 i 5 miles from 4900 kw. three 2000-kw. uilits� 
Extras 10 per cent. , ,'. 1~2.00  $1452.20�I Bakersfield r· ..2 ! 13.5 mi. 6500 l/ four 2000 " 

~ 

t '.' .. u ~ .. . $10,227.203 I Il.() l/ 7200 u four' 2000� 
u .. S;J.y SHl,22fi.OO PCI' mile�4 I 10.5 u ., 7UOO u four 2000 

\ 
~ " 

u .. 'f· · ;

5 10.5'" ()600 u four 2000 .r:; A', 
6 1:3 .. (iOOO l/ four 2000 .. SWING CONTACT RAIL CO~TS,  24lJO VOLTS" t:,' : ":;~I. 3.7 mi. to Mojave I :I: .. ,tf tl:o irs/: · ": .....:....:.....----~-------'---_. 

.i\1 t\J111> special 75-1b. contact l':1.il ai' $4G. 50 deL . $2740.00 '; J. 
The larger part ~(  the grfLl.h~  lwin~  l~ithci'  2.·1 per cent or unncr f :I.'i'! hututs at liOc , . . .. .. $211.2ll '('.: 

1 per cent, a 140-lb. cont:H.:t rail was IWlItirc<! for the 111ain line Uthcr lllateriai. , , . , , . . . . . . . . . . . . . . . . 25()0. RO .' 

ancI 75-ll.J. for sidings, . ~i< 

$2772.00The tlni t first costs u::;el.l ;Lrc as follows; (.: . 
Extrils 5 per cell.t, . 138.60 

SUBSTATION 
$2010.60SJ5 per installed kw. . r:

Storcchnrges 6 per cent .... , , ..•.... , ... 174,60 $3085.20·The abo'/e is based Oil a l~eCCl1t  west eoa~t  install'ation corrected for" 
~, 

. 2400·volt npparatils. I;,':, 
.~ .

:~\. 

1:,;;".",.� 
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Labor: TOTAL FIRST COSTS' 

Deli\'(!ry of rail 59 tOI'S at Si.50 , . S93.50 SUBSTATION ANI: DISTRI~UTION 

Inst.1lIing bondf at 30c........•........•..... 105.60 '. 5!"!Htrr/£on
insulators '. , '. 48.00 .W,OOO kw. at $35 .. · ' :., .S1.610;OOO 

" protection brackets . flO.OO .J..~·"lllaG! rail
. 100.00� 05.8·[ nii. main Iinc at $10,225 · $673,000f' ..� 

• 

" rnil 
, '.' .� :" > 152,000" protection ::� 400.00 ~­ 21 . flO mi. sidings at $7000

~.	 825,000
Paint.ing.·� :.:.: . 100.00

.� ~~::
Work train :� 100.00 B~"dillg 

li!.i .81 mi. m:lin line at $1120 . sn,800fro ; 
:.n .(il) mi. sidil1g~ at ~\()O() , :: . 1fl,110

$10-1;1. 10 ~~: ..� ' : Zn,OGO .122,:100
;I'.!.::!O mi. yard tracks at $000 .. '.'

E~ I r a~ I () per ('('.11 t '.' •.. ](H.:~O $1147.,10 ~lt
.
--------­

S~,557,:l00rf ·$(ifl72.M 
ANNUAL COSTS 

Say ... : .. '.' .... $7000.00 .r> For. the reason thatoneorganizatiollshould maintain all 
i~~' .: 

\r;\l\:';I11IS~ioll and distribution systcm, thc annual costs of main~ 

The above is ba~l:el 011 PCl1n~ylvani:t R.R. type of tllire! rail with. ~\:
,.� Cost of rail is based on Ncw York' i,"!I:UICC a nd repair for contact system are to be found uncleI' 

protection installed Oil both ~:ieles. 

Cost of ~p()cialtics is ~; ~rr:lll.c;mis:;ion Line Costs) Appendlx C.
Celltral wst. of spl'cinl rnil. plus froight chargcs. 

~:. ..

J
taken (rom Cjuotations.. Labor is according to west coast practise. 

APPENDIX. B 

GENERATING STATION
l\:!."d:\ LINn DONDING 

~.. Two principal considerations fixed the gencraiingstation at 
'l'W() 10-il1., '1,jO,OOO·cir. mil hOllels p(~r joint. 

;\ .1istancc from the traek: fuel and water.
B()nil~	 ' . $570.00 

.'[\\'ellty miles off the right-of-way from a point 6 miles cast
Cr(>~~ 1>"'11,1,; ...• ~ . , •...•....••.. '•..• '.•.•.• 71).00 

Labor ~ . ; ; ° •• :n5.00 "f Bakcrsfield is located a large oil field from which the company 
!eO • ~Jtains much of the fuel oil used in its locomotives. Plenty oft�
ti':.. Th~

$1020.00 "';\1('1' for condensing purposes i:> obtainable ncar by. 

Extr:1S , ' , . 102.00 $1122.00 ;1l;1lt::l1 chafl~e~ on a transmission line under these' conditionst
yf
Y. 

,I<.> not impose so heavy a burden on the.operating costs as would 

'.1.i· ddivcry of oil at thc'right-of-waYi besides, to dcvelopsuflicient 
SWINGS ANI) YARD TIUCK BONDING r·

¥. For these reasons'.',atu along the track would cost a great deal. 
Two '1/0 b"nlls per joint. 

1:.
\ !\(' i:cncratinR station was located in the oil fields on fairly level. 

Bon,l,; , ' , .. , . $:120.00 1:11\\1 where excavating costs were reasonable and on soil suffi-Ii
~ .. 

Cro~~: bonds: .. : , " . ' . 100.00� 
d(·::tly firm for ordinary foundati.ons. "

: _.........• , . 400'-00�Labpr 
The load curve, Fig. 6, indicates that a three~unit station is

f;; ~k';if;'\blc, two units of which would carry the load ordinarily,
$820.00�

". i, h one as a spare. A study of the load curve and traill diagram
Extrns 10 per ccnL . 80.00 S900.00� 

~ .. 
.~..: f\.,d the maximum capacity of the units at 18,000 kw. a.t the two­
1<:.'
}~:.. ?!"~lr overload rating-an economical size in first cost and in 

Tbl.: alhwc- is h:t~Il(1 on th~ ad ual cost of bonding in an' installation l
' 

,\:;,~u~.i operating costs. The point of maximum economy with­

recelHly llIade ill the vicinity (If San Franciscq. The fact that the track .'tlt nuxiliary nozzles is in the neighborhood of 10,000 kw., and 

would be bonded under heavy traffic should not be oVerlooked. ~' ... the hand-opcrated nozzle will enable the' machine. to carry 
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