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Toreword

klegtrification of rural znd farg communities
has taken a striae aheaa during tne past tew years, tnis
advanceinznt oveins due, primarily, to tne rzpia awvance=-
wment mzde by tue centrcal station conganiss in the reducti-
on of tune cost or electricity and tue now alumost total
electrification o1 urvan territories, waici nas made it
necessary tuat new tielus be develoged. 1nen too, the
faruer has seen his city ﬁeignoor oecoiie Lrosperous and
relievea frow many ot tne backbreaking arudgeries trrosgn
tre uce c¢f electric lignt and power anu it is only natural
that re snoula tecoe envious ana acsire these things for

fingelt,

tecd for carzfal stady of this proolew of elec=
trifying the fer. ic eyparent. JThe centrael siatiosn ccu-

paniel Conoale rush Wlinaly in without giving pro el concdi=

£

weranllon to cll ite ilzuese  Jot onl, el tney suoruantec

.k
tu (ive & scervice wiica 1o sbove criticisn. tut trey nust
clsc e civen & retorrs fur tunils gervice wnet ic fedr to
toth the. aud the concuwners Thls colle fer rates thiat
ere Giffevent Lunoi tolie uged in

caloue ploces, i tne

(e
N

-

factirs eflectiing tnese retes are tig irincijel features

taue writer hies hed in wine in preparing tnls thesis.



A work as short es tris can only touc:. the
surfece. Time and indefatigable stuuy by all concerned
will Ye necescary for a satisractory solution. 1t is
hiopyed, nowever, that what has been here presented will be

of some velue to tnoce who ere interested in thies problemn.

The Boara of ‘Jater end Llectric Light Commiss=
ioners of tne City of lansing ana Lre JeKe Fettingill, Chief
Engineer of the Licrnigen rublic Utilities Commission have
been of great ascistance in assemvling the data used, and
criticiems of rrofessors Je. Jo Gallagher ana A. Laeter,

licriigan State College heve been of inestimable value.

Ingwela He Gronseth



Gouliwdnal, COIIUILLRALIONS

relaticn of yriculture to Inductry

The fermers of to=day occupy & more important
rlace tnan ever before in the history of the uUnited Statese.
witn trne ever ircreacing irdustriel expansion anu the conse=
quent grougng otf porulation into larpe centers we become
more end unore dependent upon tre tarmer for our existencee.
igriculture ig our rrimary inaustry, we are depencuent upon
the proaucts of the soil fcr our necessities of lite, tuic
depenuence increasing witn growth of po.ulation ana the
uce of lanu tor other purroses.

The great postewar industrial activity with
its inflation of levor costs czused a great exodus o1 the
rural population tc the indusgtriel centers, leaving z large
rortion af cur farms s..ort c¢I labor for tilling and harvest-=
irge The prices offerea for farm yproduce had nut kegt pace
witn the prices offered for labor by other industries,
taxes as well as tne cost of farm inplements rose steadily,
ana the fermers found thesmselves working for just a ¥are
living and witnout the wherewitrnall %o buy those conforts
that the people of the more populous centers coula get at
a rezsonacle coste

The condition of the farmer at the present
time is steadil, iuproving, nis purchnasirg power i. increas=
ing accorcingly and it is only naturel taat he should be
clanoring for those luxuries and necessities of life which
he formerly hada been unaile to obtain or wnhnich he haa

previously tnougnt of es somethiing he could very well get



along without. A Grest many of those vwno nad left the farm,
finding that the conaitions are improving, sre willing anua
anxioug to return but trey are reluctant to leave the couve=
rniences of the city hore to waich trhey have Wecome accustor.ede.

The one thirg atove any otner tnat the urbanite
has become used to and wuica hes lessened his work more than
any otner is electricitye. ne has seen how tais great bene=-
faction nas been used to improve his lot, has seen his wife
relievec of a large porticn of tnose drudgeries of the hore,
giving her wore leisure, more time for enjoyment ana recre=
ation, snd nrore time for the enjoyment of the home itcelf.

Tre fermer wno dic not cesert his place has seen trhese things
too, and having more confidence in the future and more
purchasiﬁ& power ne nas ctegun to tnink sekiously of ocvtzining
these conveniences for himselfs ‘the cooperation of Central
Station Companies has been obtainea and com..ittees have been
organized to study tne precblem of electrifying the farm.

liany of our institutions of higher learning are taking an
important part in these studies and endeavorirg to educate
the fermer in the uses of electricitye.

Trie Central Station Compenies realize the inter-
aependence of ruregl and industrizl life enu have joirned in the
move, not only because of possitle increase in their cwn revenues
but alco throusn a sincere decire to be of help, not loocing
track of the fact, nowever, that the factcr of revenue is

all important.



Field of Arvlication

Tne field of application of electricity on the
farm is well nigi unlimited. Lignting of tne home ana out-
buildingg, of course, is itne most important, but tiaere are wmany
otner uses to wnich electricity can be placed anu Iroin whicn
tne farmer can aerive real rrofitse. <The advantages ol
electric cooking and refrigeration are well known and no
nousewife w10 has used tune electric wasning macnine ana iron
will want to give tnea ure ‘fue aependence upon wind or
elvow greavefor tne puwnping of water is done away witu by
the use o an electric wotor wnich can be started by the
simple oreration or pressing a button or tanrowing a switch
and wnicn can be nmade to waxe tire water flow to any point
where it is required throus. the necessary piping and faucets.

The neatin, of water may bte done withi an electric neater at a
reasonable cost. .0 longer is it necessary for the farmer

to haul his feed to tne mill to nave it grounu, portazole

or stationary electric motors can be attacned to nis own
c¢rinder ana a saviag in time and none;y accom lished., 1'ilxking
macliines is as necegsary an adjunct tc the dairy farau as
electric orooders to tue hennerye. Tne rilling of silo, hayloft
ana _ranary may be done by electricity, and the fara shop

wade reclly utilitariane 4Yune growta of plants mey be

expedited ana the ez yleld itcreased sonsiueracle by tue use
of electricity. 'Tne harvestiing oif cropo and tnresaing of
grain cin be uvne witu a saving of time ana lavor ana

experiments on plowing witn the aia ot electricity neave been

carried on by one of tae leauln, s ricultural Colleges.



sService

rne quality ol service given rural custowers
nust b¢ of tue bvest. Load dengity, oi course, 1s ti'z decid=
ing factor of winu suall pe served first in case ol general
outazes, but rurzl lines mast het be killed upon Jjust any sort
of gretext, just because it wajy Le tuou.nt tuat tue load is
lisnt and uniivigortance Lt may not ve uniwmporiunt to tne
Tarmer. aen2y ce aepenaent ugon tuis service for ais water,
the wil«iag ¢ auls cows, catcaing o1 nls canicks anu otuer
uses, tne curtailment oy wulich nay mean a serious losse e
will be jayin. for tac best service tnat tne service coumpanies

can give ana it snould be given witnout uescriuinations

Futire Jemana

Tne future aemand will aegzena largely ugon tuae
quélity of service Jiven. Tne woor: we farazr ieels tuat ne
can depena on niu electric cervice tiiz wore tusks ne will give
it to perform. It is provlewmatical vhiat tne rate ol increase
will ©o ana et tie point of saturation 1 as otner Icctors
eater into this beciuwer tuct of quality ol service. owever,
it is reasonairle to expect that the wuewand duriag the secound
yeacr will exceecd trat of tae first oy 2L, anu tiat tre

conguisption grnouls reacn at least @00 _win per woritie

N 1
—aulavlon
————

vile euucation of the faruner ia the uses ol

"

€electricity will e tre centirolling factor ol ultisate

consum, tione hne muct ve snown now and viaen it cen Le usea
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to iy bezst advantzge, must be auvisea in the celeciicon of

prorer eguipuent onu a ceratus and wust ve L iven gervice on

-

o)

such ejulpnent ena a_yparatias after 1t :ras been installea.

hany an electric ran_e nas been uilscar.ied becausc of exccusive
©tills caused by ignorance on trne _art of ithe houcewife in tne
Ero.er use ol 1t enu awin, ner a knocker iasteaa of a uvooster
for tv.:i: excellent load tuilder. J{trtentimes too, tne farac
will Tte wiable Lo Lz, casn Tor tue equiipment taxt rie neels ana
it will ve necessur, for tue centeul gstation couanies 1o nelp

in arran ing a sultacle 1ietrnod o1 tiwe payrente.

~meapm s ~ - \ b e
Collox. CyIC: ¢ LT w3

Tocation ol y1ires

As farmsteads are ususally located alon_ estab-

lizcieu rcaus no dii'fic

£

lties will ce encountcrea tnas will
tend to mare we cost of tie line abnoruul. ‘rere ni_n
tenvion lines have teen vuilt alon_ the road it wey ve necess=
ary, in orver to Jbtuln groyer cleurances, to locate the

line un Lic ozposite oize o the roau frer cuach nign tensicn
line anlecs comccaaication lince will interfere oWito cucn
locatione. Interiererdce fro. trees chnoulu e aveidew in

order tu reduce possivilitice or outuages. In mzuy cases

it may e auvisavle to obtaln prrivute right of way preferally

,_.
™
)_.l-
c
®
o

just 6 property lides in order to eliaincte inter-
ferences ‘nils cal usuzlly ve ouvtzinea at no cost a.c tue

Tar.uers clony troe reoa for vwiiom tne line ic bein. couastructed
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will be more thun glad to grant easement vitnout charge in

order to et tne service.

Types of construction

The best typre of construction consistent with
good service is usually tne most economical. Degpreciation
and maintenance are the two major factors to be considered, as
a line constructea of inferior materials and worximanship will
greatly increase the waintenance cost and decrease the life of
usefulness of tine line. Thne line voltagz, of courae, is of
major influence in determianing the tyuve of construction to bpe
used, but for most rural lines, a line voltage of 4000 or 6600
will be sufficient to handle the load and give sufficient regu=-
lation. 4 voltage of 40UCO nas been used in the calculations
in this problem.

Thie height and class of poles to be used will
devend on tne nature of thne country ana obstructions by other
lines, trees, etc., and tue span length to be used. For most
rural lines 30 ft class B or C poles will be saticfactory ana
will allow proper clearances for span lengths up to <00 ft
using ;76 bare, stranued copper wire. Butt-treatment of goles
will increase tuneir life approximately 75, ana tne cost of
such treatuent will be more tnan offcet by the uecrease in aepreciatio
and maintenance.

Some of tne larger central station coumpanies
ars using aluminusn wire for rural aistribution in order to
decrecse tune iaitial iavestiaent of the line. By the use ot

alwzinum wire span lengtns of 300 ft or more may be used



thereby rewauicing the nuumber of.pole; ena other rnzterials,
ana affecting a saving in labor costs. Cogyer wire, how=
ever, will 1robably continue to remain tne standard with
most ccompanies and this wire has therefore been uced ia tais
problem,

The difference in cost bvetween four (4) and
six (6) ft. cross=arus is very siall and does not materially
affect the cost of the line as a whole ani eitner size may
be used for single=phase or tnree=-phace lines. role line
hardawars snoula be of thie bext quality and wiil not vary for
any tyce of constriction excevt in quantity.

In many caLes agreenents may be made witn tele=-
panone couganizs for joint construction and use of rural lines.
"his will decreace the invecticent cof both companies and will
neke very little uifference ia the waintenance costs. TFolss
of 35 ft in height will gfenerally be suitadle for tuis type

ol construction.

Iabor Ceosts
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On pazes 10 to 14 inclusive material zand labor
cosis have beegn itemized for botn single and joint construction
ana for tnree different s.cn leng.se Tane cost of materials
will not vary appreciably tarou_nout thne Central 3tates.
7or lavor costz, tne writer has drawn ugon his experience in
estimating and superivsion ess well oo actual congtriction,
exrerience, cnu nos combined tuals wita ruclisnea aata taken

from preriodicals anu text=booiis.



Ccnstruction Jaterial zna Costs

£0r .il2 ot 1ine
’ :
_ oL ¢ 1lZ¢* Coan ¢ 1lol' Lian ¢ 170! Luan
Jescriouion
* H : ) t s L
: .c.s Cost s io.s Cost ¢ K0es Cout
t b 3 3 : '
—\O..‘_.‘J, 30 ft. s 3 @ s [] :
Put trested . . 42 ¢ 420.00 ;35 , 350.00 , 30 ¢! 300.00
Crosserms, 6 ftg 46 , 32.20 ' 39 . 27.30 ; 34 : 23.80
---------------- ‘- - - - - - - - - - ‘- - - - - - -
Pinf, steel P92 ! 16.64 | 78 % 18,26 68, 11.56
-------- .- - ‘- - - - - -- - ‘L - - - - - - - .- - - - - - -
H . * M M :
Insulators,Porce 92 , 12.42 78 . 10.53 : 68 . 9.18
Carrisee bolts - §2 + . 1.84 ° 78 i  1.56 _ 68 ;  1.36
Crossarm braces: $2 . 12.42 =+ 78 } 10.53 68 i 9.15
““““ e S S e
Lag screws . 46 . l.20 39, 1.01 | 34 &8
---------- g- - - e e e e e ® em e @ =m ®mew - r - - e e = -
Through bolts . 44 ¢ 3.52 o3t 2.96 323 2.56
Space bolts . 4 48 ¢ 4, 46 1 4 .48
Anchors, screw , 4 . 10.24 ; 4 - 10.24 ' 4} 10.24
-------- :-‘:-----8--?-----3.--;------
Strain Insulato, 4 «S6 : 4 «S6 . 4 : «06
....... T o ;e o = = = = = = = = = = - c- - - - .. - =
3-bolt clarps ; & 3 3.20 § 8 3.20 ° 8, 3420
.......... b = e - - . - wn - - e - -»:_ - .- - - e - - -
Strain plates | & i .80 . & . 80 i gt .60
------ o 'ea = - e = e - -:_ - th e e e e e = = - - e - - -
Guy hooks s} 32 8 ; «32 8 i 32
Guy strand, 5/1o'200'* 4,00 200"} 4.00 $200': 4,00
ilscelleneous | . 51.68 . D436 P 37.81
- - - 10%. o o o PR, e - e - e - A - e L el oo -
: : : ' . H
TCTALS ==eeccccccacc= $570.72 $480.42 #415.90
lios 6 weatnerproof corper wire e @.177/# ----------- $219.80
0. 6 Bare cOpper wire & $elT7l/jf ==-m-mmm-=ceccocoea $150.82



Conctruction laterizals

Fer iile cof line

and Costs

(Joint Constructicn)

: 126' Sgen ; 151' Sran ; 176' Span
pescription : Pc.: :No. z :io.:
;:I;s 33 ft ¢ : $ $ $ :
7ug trested | {42 | 906,61 § 351 253.68. _ 130 ! 2115
Grisatas 2 40p 32.20 5391 21.30 134y 25.60
e, sieel | 521 15,041 78 1326 oo 113
tnsulatore, sore;l 92 1 12.42 3 T 1053 168 . 9.s_
carriae bolts 1 92  1.64 ; 783 1.56_ 168 1.36
Crossaru traces -:-9:3 j 12442 : 28_:_ 10.53 Tes . _9.18
Leg gorews | | 1 46: | 1.0 39: 10134 s
ghfoggé Eo%tf _ -: 44 : -3:5§ E ?7 :- ) 2,966 ; 2 : 2.56
svacs¥olts | 4 e 4l e 14 e
énfhfrf’_sfrfw_ -: ? i 5.12 : 2-:_ ) 5.12 : b4 ; 5.12
§tfa3n_lfsglatgr§:_ ? E . :Zé § -2-:_ . -.§8- ) ; < ; _ .28-
?-Eolt-czafps : 4 i 1.60 ; 4 : 1.60 : 4 ; 1.60
Etfain-pzafef _ _:- f i :40 ; 4-§ .fO- f é : .40-
Euy HOO0KS : 4 ; «16 : 4 ; «16 ; 4 : «16
Guy strand,5/16" ilOO" 2.00 ;lOO': 2.00 ; OOL 2.00
%iicglzaeefué %O%:- ) é 39.61 ; ) : 33.c9 H 25.77
TOTALDS $4395.70 $3€C.16 5283448

11



Jator Costs

Ter l'ile of Line

12

: ¢ -
Tecurijtion i__12€' sjep o 181r Syen B 17€' Jpan
: Coat ! __fost : cost
igging holes, cley dirt: 3 :
Bl o o - -3 . .105.00 _ _}_ _87.50_ _ _ _78.00_ _
: : !
sefting noleg o - o . - & - -18640Q _ _P_ 10%.00_ .. _99.co_ _
Inctal. anchors & Guys . 20.00 :  20.00 * 20.00
Installirg Crosealriis, : . :
Bics_apd _Tpsulgtorg _ o g . o ooes@ _ _p_ B8e2D  ° 0 2R.80
stringin. wire P 188,40 ¢ 156.40 : 156.40
- - - - - - - - - - - - ‘ - - - - - - - - - - - - - - - - - - -
. 1 H
nauxling reterial . 75.00 . 70.CQ . €£.C0
- & o o o o - - o o> @ @ & = - - - o> o o - o & - - - - ® - - - -
Tisc.Labor(Trimiing ete)’ 20.00 ¢ 30.00 1 30.00
Superv. & Engineeringl0%: 54.89 . 49.72 4 46.09
- - - - - - - - - - - - ‘ - - - - - @ -, a» e =-» e - - - - - - - - -
TCTALS $603.79 $546.87 $506.99

Isabor Costs
Fer i'ile of 1ine

(Jeint Construction)

ror cost of joint cornstructicon, one-=half tne cost of digging
holes anu setting poles, guying, tree trimming, anu haulege

shoula be deducted frun the above totals plus tne sujervicsion
ena engineering charge on tne amcunt decucted, as this ancunt

will be cnarged toc tne joint occupante.

¥ TOTALS $407.59 $374.59 $952.99



Line Ccct per Customer

13

26 ft. gpans _

Yoe. of ¢ Iine ¢t Line ¢ Tranctf. ¢t LCervice
Customers ¢ nmeterial ¢ labor ¢ instel. ¢ instsl. ¢ Totel
rer mile ¢ cost ¢ cost ¢ coct H coc H
- -4 oo g 180035 _T_ asgugsl _eguzsl Do _ze.zz. fL _4g3.en . .
- 5o Dvsaemy fonzo.zel _esuze Do zs.ze P 287078
o -6 .1 .120.26 7 100.637 _o4.26_ 1 _28.22_ _'_ _343.4% _ _
o -7 Dl10s.08 F _ee.2sl s4.3e_ P _ze.zz 311,93 _ _
- -8l g0y F_ _7s.gel _eduzs_ D _zg.z2 | 268,23 | _
S -9 ..l g7 [ _67.09] 94.36_ 1 _28.2Z_ 1 _269.86 _ _

10 *omzas Y ec.38t ws.3s Y 28.22 Y 285,13

151 ft. Spans
4 . 157.81 ¢ 136.72: 94438 t 206.22 ¢ 417.13

DLl 38eip4 3 109.3m sade f @.E2 : o SSeal
J.S Y 30920 o slaer s4.3s fo2s.2s 1 Slewsd
- 3P _50.17 3 T8.12F 94,38 3 eB.22 @ 200.83
o8 L Tees0 3 BS.36r S4.50 3 RE.zR R 2L9.86
- a S0P 705 v €CLT0F G4.36 1 2B.22  r RD3.48

10 t  63.12 :  54.69f 94.38 @ 28.22 t  £40.41

176 ft. Spanms

- -4 2 141,68 _3_ 1206.70F _94.36_ 3 _ZB.g<_ 3 391,03 _ _
- o 8 . % 113,35 _*_ 101.40% _94.38_ ! _2g.22_ _%_ _337.3% _ _
- - 8 . 3 _ 94,45 _%_ _B4.50° _94.38_ % _28.22_ _t_ 301,55 _ _
-7 __ % _e0.96 f_ 72,427 94.38_ 1 25,22 * _275.98
- - 8 o - b J0:84 _3_ _63.37_ _94.38_ _ _28.22_ _ _ _256.61 _ _
-2 .3 _ 6257 3 56.33: 94.38_ 3 _26.22_ 1 _241,90 _ _
_ 30 1 56.67 i 50.70: 94,38 1 28.2 :  229.97



Line Cost Per Custouer

(Joint Construaction)

14

126 ft. Span

lijo. of ¢ Line ¢ Line s Transf. : Service
Customers ¢ material ¢ labor ¢ 1instal. ¢ 1instal.
per mile ¢ cost ¢t cost 3 cost H cost

oo

Total

- - 4 _ _ % _108.92_°%. 101.9%. _c4.38_ } _ _cg.g2

- - -S®3a3l . .

- -9 o oY o ez.aaaltl _el.88. _oseasl Pl oLogegeltl oL l291.33 L L
-8 r 2.6l P _67.99 94038 P 28.22 % _263.20 _ _
-7 o b o _62.24 % 5g.28_ 94.38_ ' _ _28.22 % 243,12
- -8 _ _ % _ _54.46_%_ 50.¢9_ _c4.38_ ! _28.c2 P 28,05
o -8 b 4841 % 45.33_ 94.38_ 1 28.22 % _216.3% _ _
1C : 43.57 % 40.7%  €4.38 & £8.22 206.96
151 ft. span
-4 .. : - -91‘54-:- 995, _S4.98. : - _2§-§2-:- - -90Q7a88 _ o
oo B il 72423 1 76499 | 94436 _i_ _ 28,22 1 _ . 270.72_ _
_.6 b _erge t ez.ge. _9s.ze_ D _z.ze t_ 246,11 _ |
o _p v sz.zo . 53.57_ _94.36_ ' _ze.ze ' 228,47 _ _
__8 _ Y asum7 . _46.87_ 4.3 1 _28.z2 ' _ 215,09 _ _
o9 ..t laniestl a1.es. _9guzs_ D | zg.z2 'l | _204.94
10 : 36.61 ° 37.4¢  S4.38 £6.22 ° 156,70
176 ft. span

L L4 L . 3 _65.8T_1. _E&.24_ _S4.36_ ; _ _28.22_:_ _ _276,71 _ _
o o5 _ 3 _ _92.69_ 3 _70.59_ _©4.38_ 3 _ _28.22_:_ _ _245.t8
L6 _ _ 3 _ _AB.91l_:_ _BB.E3_ _S4.38_ 3 _ _28.22_:_ _ _2£5.34 _ _
o .7 _ 3 _ _37.84_:_ _50.42_ 94.38_ : _ _<8.22_3_ _ _=1l0.€6 _

o L8 L . 3 . _®Ze93_:_ _44.12_ _94.38_ 3 _ _28.22_:_ _ _199.65 _ _
_ .9 _ 3 _ _29.27_:_ _39.22_ 94.36_ 1 _ 8.2t _ 192,89  _
R SO I _29.94_:_ _30.29_ _94.306_ 3 | _cbegi 3 _led.23
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Transforwer Installations

Due to tane distances seiarating rural
custonlers it will be found necessary, in the wcjcrity of
cases, to instzall & separate truncforier for eacn. The
size 1o be used will devend on tne waxisw: loaa tiat the
transforwer will te called upon to carry ana for tuis tyue
of custoner tuis loaa ma, te guite large. TFrow data publisned
in Cehelieie 2ulletin Vol. 4, Yo. 1, the averz_ e con=-
nectsa leaa in b states was 1442 ¥we wit: an avera_e montaly
encrgy coansuation of 2€4.5 ¥whe Crdinarily, ranges ana

water heaters will cause tne greatect dewand and as tiese

w3 pleces o quilguent aay y ten Te UHE o ae
twa plece f eguiyuent y very oft ce 1in at t

v

v

cane tloe tae taximun ccwcnd way reach © or € I'we The
tran.former 41ill rave to te wufficiently large to take cears

of thnis loaa witaout exceuvslve volta_ce urdop as experience

as !

IS

wu that reanges will not operale satisfactorily unless

&
(@]

tiie regulation iz very close. Thnough transforuwers will
stanuw overloads of 330G, or wwie for short periods of time
it doves the trancicruer no 004, 7or woes it give toe
customelr ay guow service as he snould haves

Anotier iufluence in tae size of transforuers
to be usea 1is tue awount of stock carried uy thne utility.
Treasfocwers velow 3 Iw 1a slze ars a rarit, on wost syst-us
an. few will Tte found even on rural lines.

Pase 17 shouws trnat tne totzl traucioruer
czracit, on the lires stuuled and whiich coverca LU castoners
amounted to 10l.% gva, _Jiving an avera_e rva installed rer

cuzstouwer of 2. &, proxiantely.

15
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The ccegt cf transformer wountin_ s ana auxilliary
eguipment on rural lines will be z:proximately the geme

fer w1l trancforuer sizes. Tuce cut-outs, lightming arreste-

ors and crossarss, rins ana insulators will have to be used
on all, t.e only aifference ia cost celn. cauced by tune cost
of the transiorwmer itself. Tz e 1t snowe o itemiczed list
of material uced on a typrical trancforu=r installation wita
material and lavor costse.

“hiere the custoners are clogse enouchh togstasr
it may ve advisable to connect two or .ure customery on to
the szuze troncformers In order Lo deterwine wiicn will be

thie vest, wunet:er to install secocrncarices ¢ inuividual

a

transtoruwer, it will te nececcary tu cunpare the cost of
the geconuary installation prlus its line losses and
increacea transforuer size and trancioruer losses acainst

the individual installation.

Service Inzstallztion

Trne service installztion cost will reawzin
practically canstant for «ll installations; Ly cervice
is 1eant tiie necescary wire from trne nearest prole to the
houge, equipgment tor attacaing to nouwe and pole &nd a
three=wire, <o €:r. nmetere Lhe waterial, cost of same,

ana installation lztor costs are wrown on page 1lb,







T 0 -2 I7sTallhD

1. Kva : 3 rva : 5 ¥va
o. of ! .o0. of * 0. of P 10. 0f ¥ ic. of $i0. cf
. ® [ 3 [ 3 [3
Custoners * Trarnsf. * Customaers * Transi.® Custouoers*Transfe.
: : ‘ : . : :
3 .3 X 6 . 6 3 .3
R e I IR IR IR
: : : : ‘ :
S S S U SN L SN I S
: : : : :
: : : : :
: : 3 : 1 : 3 : 1

Total i.va in transforuer capacity installed =====---

Aver&;e i:va Ler Custaﬁ‘,&r‘ L L L Lk T T O

Total nwaver of transformer installations ==~=-===--

Nuisver oi transformers installed per cuctomer ===-=-

Do

17
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Tranzioruer Inctallation Ccst

Transformer, 2 Kva, 4000/115-230, =====-
Lisrotning arrestors, 950CC volts, ===-=--
Cut=-outs, ====ecec-cccccccccccccncnccaaa-
Grould rods, ====eeessccecccccccccccce=--
Wocd wmoulaing, e===eececccccceccccccccca=-
Crocg=ariis, ====esecccccccccecceccecccee==
Ting and inculators, ====---sce-cc-------
Iliccellaneous hardware, ===s=sssc=------
Wire, e=eeecsccccacacccncnccccccccnccee=-

nondling charge, $7 ==-=----es--ee---e-o-a-

lavor cout of trancefe ingfe =e=-ccmecacaa

Supcervision o engineering 10% e==ececee--

$77.88

inotallation ==eessecc-c--o

=)
O
ct
w
—
O
O
v
+
o
(2

Cuost of gervice lines

(Leuzht of service, 100 ft
lleter, 3 wire, 110=20 voll, e==eccccee--
wire, VePe, 706, COLLET, ====essccccc-a=a
Brackety ettt ikttt et

}‘anl\ilinb C’La‘r:{e’ b;) Ceeccecscencececnenseseme =

)

labor cost of lLeter Ingte.e, ====—c-c-ce-=-
lavor cost oif service insgt., =e=eecece---=-

Supervision & ingineering 10y, ========-

.)
§13.1
57

l.c

1.2

S.C

0
7
0
0

1.0

0
0

$21.07

Total cost ¢cf service installation ===-=-
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eres <0 te L inclulive
is proverdy typicel iz trat it iz towen fron. 2 territory
wnere thnere neg been no organiced effort on tne prart of

ine central ctaticn convary in trle education ol the former

2LE very in

o3

in tne projer uce. of electricity. Jne f
gize frcem 40 acres to 320 acreg, ana are feirly prosperous.
Though the growing of grein precominestes, severcl are
glven over to aciryin. ena truckK casracnings Severel have
electric purying ejuirment, acvcut <Cpu eare eguijyec with
ran_eg rractically ell love vweoihiere enu other s.all house=
.0la aryliances.

YOor rurpoccs o6 comlerison tane avira_e aonilly
corcun tion of 2¢ faime wue teken for tne year of 1627
and U ferme for tne yeor of 1¢2te.  The aversge moentoly
cenewry ticn tor 1¢L7 was reund Lo te €l rwn virile fer 1¢ZE
tre aversge rontrly constigtion wes 7€ lwn, givin, en in-
cresz¢ over 1¢27 of 10 hwii per rontu of 24.6%.

leies 20 tu 22 doclusive snow in a telulstex
form the avera_e nonthl, coniun,ticnes The data in trne
columns 1€&7 ana 1920 Gueer net pertiin to tne come cuctorer

€s iight be inferred. Lhe cuctorer niber is uzed nmerely

o
f
C
)
T
[
n
¢
—
m
1%

Tor totelizirn, purposec.s The waia &g LY
very fevorarly wit: tihe wote given Irogievs mepcert lc. 2
CI tre Nicrnl en _u inecrin_ ierinent Cloeuion ana

Vhich crows zn cvert_e nant 1y ¢ rowetion of £L46€ 1.0 1er

[

Cugtoner an taoe Luson = pangville cxierinental line.




Cucstouer

o0 09 00 o0

Average montnly conswaytion in Xwh

-]
L]

127 : 1926
1 31 cl.2
< 1z 18.2
3 36 5863
4 4G 3E40
5 €S 9545
6 S0 £€2.9
7 39 7.9
5] 39 7€.3
9 214 l62.
10 11 lz.
11 39 5.3
12 1l¢ 2347
13 <8 98.1
14 30 46.1
15 15.5 26.2
16 25 €<ed
17 37 S34.7
1c 9 278
19 <G 8&.6
<Q o7 9l
<l <l 24.4
22 12 1647
<3 €1 €60.5

9¢9.5 121C.2

20







: Avereg e monthly consumption in Kh
Custower : 1927 : 1928
Carried forwarad 999.5 1210.2
24 560. 308.
25 22, 34.9
26 26. 3645
& 2056.
<€ 35.2
<9 141.
30 1.7
31 5643
32 44,2
33 21.7
34 151.5
35 34.2
36 42,
37 3745
38 T2.6
39 €S.
40 47.
. 41 1¢6.
42 €443
43 74,49
44 64.6
£S4E.5

1607.9




:
P__Aversge monthlyéfonsugition in I7E
Custorer : 1927 ; _ 1928
Carried rorward 1¢07.95 294645
45 11.3
46 69.7
47 <«6e5
48 177.
49 52b.
S0 45.1
Totels 1¢CG7.5 3803.1

Average lonthly ¥id 1987 ===--=-

1€07.5/26 = €1.06

Averepe lonthly Fun 1928 e==-== = 3803.1/50 = 7
00 increace over 1lGZ27 =e-c-cee-- ——m—————— ————=1

KWH increace over 1¢27 in percent e-ecececcecce = 2

€.06
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In orcder to compute tne losses the nwiter of
hours use ¢t the denand nac been teken as 5.5 hours, giving
a no=-locad rerica ot 1l€.5 nours. The average Cemenc per

Jirn"inj
custoier is found byAthe avercge nmontnly consuugticn of
pége << the nuwber of ways in tre mortn ana b, the muwber
ci ncurs ace. The pcwer fteactor ci tre load rnaws been
cesumed as ¢0,, and the meter lces as 1.85 watts per custouer.

Tn cozizuting the line lcosuec the resistance of
cenerators ani equiyment such as step=-up or sten=down
tronsformers has been neglectea aue to aifficulty in
assuring a reyresentative vilues The line has teen
asswWwred to consict cf Yc. €6 AVG copper wire, six (6)
miles long froum trhe teed roint to tne ferthernost
custcrer and having a resisotance of Z.13 chus per mile.

Trie losu Las been consicered to consist of five (Y)
cuctorers rer mile aru to Le grouyed at the end of eacn
mile. Tre lcau anu no=lcad currents used in computing

line losces ere snown on uvige Zbe



Assun.ed nurber Cl NCurs USE Cl GEeLLNG ==em—cecceceee -—-
L‘wll)er Of lfh;\urs 01' no-lcad - o o oo G m oo e~
LVerzg € aenand yer cucto.er = 76€0€0/(2C.4 x 5.8) =

Leter locges [€r CUCtULEr ==-=ccce-cmccecccccoaco s==-=
Trensfcrmir logees

Iron logg =w==ec-==- e i Skttt
Corper lcee et full 1020 ==e=--eccececcccccccccccccaa-—
ffticiency of trancfermer et 1/4 loaq ======ecccecc---
Trencfermer less at 1/4 load = (500-500 X .938)/.908

Corper logs at 1/4 10ad = 33 = 30 ===ccccccemcccecca-

Jcez.a current

Totel lcou on trancformer = 455 § 33 ¢ 1,65
Assuwiced power factor of logd =====ccccccc-- semeem- -

Iozad line current = 4S0,3/(4C00 X 49) ====cccceccca=

»

PR TN

Tt
v

30 $ 1,85 =mmmmmceceee S - --

1To=losd power factor = Iron locs of trensfermer

24

- 505
- lbos
455 watts
1.85 watte
0 watts

52 watts
93.86 /2

= 33 watts

3 watts

= 4£9.80 watts

0

.136l anyps

31.65 watts

1CCO0 (3xitir; current) x Eva <
( 'eL. current )

= 3C/(1000 x .C4 x 2 )

Ko=lcad current 31.65/(40C0 X o4375) ==mececece=-

f trancf,

2375

«0212

"




load line Josses

: s H : o ¢
Xile : Total ¢ Current ¢ Total : (Current)® : Losses
H Cugtoner g per ¢ current H
H ¢ cugtorer H H
riret 30 : 1261 ¢t 4,083 t  16.67 : 35.5
: T Tt r T T .7 A
second @ 25 ¢ .13¢l T 3.4 o 11.56 T 24.6
- - - T = e e e e s = ®m @ o w @ @ @ ®m e @ e = @ = = - = - - - -
Third ¢ 20 . J1361 ;3 2.722 6.41 s 13.65
: - T T =" " S S - - T -0 0" s T T T
Fourth_ : _J15 % _.1361_ 3 2.041 3 4,16 ¢ 8.86
Fifth ¢ 10 : J13€1 ¢ 1,361 ¢ 1.85 P 3.94
Sixth . 5 . .1361 N <462 .99
Total ===m==meccmcmecmccccccccecceccmcccccmccascmccccooa- 67.54
Averzge load line lows per CUustOlEr ===-cecccecccccccccca- 2.92 wat:
lvo=Load ILine Iosses
: : 3 : 3
Lile H Total ¢ Current 1 Total H 2 3
3 Custoner s per t current ¢ (Current) = Losges
H ¢ custouer H H
H : s : s
: : $ : :
3 : : : :
First _ 3 _ [3Q _ _ _3_"_.0212 3 _ _.636 _3_ _ _.404 _ _3_ _ .86
$ H s H )
gecond g _ 25 _ _ _:_ _e0R12_; _ _.83_ _;_ _ _-281 _ _;_ _ 397
: : s : :
Third _ 3 20 = ; _.0212 . _+424 .18 : 38
Fourth_ s _ 35 _ _ _s_ _.9222_ 3 _ _.318 s -.}0} Ll :2}5_
gifth _ 3 _ _1Q0 _ _ _s_ _.Q212_ 3 _ _.212 _s_ _ .045_ _ _:_ _ <096_
Siftl;l - 1 - - .5. - - _3- -¢92]_.2- H «106 H .0112 H «.024
10ta]l ===cccccceccacccnccncccccncaccaccccccc e cccccaccea- 2.172




Load line loss per month

" n ] L} year

No=load line loss per month

n " 1] " ] ye ar

2.92 X 5;5 X 30-4 -—-

o4& x 12

+sUT72 X 15.5 x 30,4

0405 x 12

26

485.22 watts

5.806 Kwh

40.5 watts

«486 ¥YWwh

Total montaly line lcos2s per custoluer = 488,22 + 40.5 = 529 Kwh
"  yearly " " " " o Semsmsseseoe- 2 6.35 Kwh
Swaustion of losses
leter 1058 ===e==c—ec~-=- 2 1,85 X 8760 ===<ccccccccas =16.2 Kwh
Transf. iron logg ===<=== =2 30 X 8760 ==w==ccccccc=--- 2262.8 kwh
'ransfs copper logg ====- =3 X 545 X 3044 X 12 ====== =2 4,819 kwh
Load line 1l0ss =====~cscccccccc~ccccccnnconnccnaconnn= s 5,86 Kwh
ilo=luau line l0gg =====e=scccccccccoccccccaccccccancn~ = «486 [Iwh
Tctal yearly losses ger custowmer m==eecscccccaccccca-c-- 2250.165 Kwn

Total montiily losses per custouer ==--==mececcccccc-ce- 2 24,18 ¥wh
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ATTTUAL Cr A2GLES

The well being of 211 living tnings cepends
mainly upon nourishing fcod ana a puvlic utility, or any
enteryrise, aves not differ in t.iis reswvect, In ordaer to
live, a contingual reslaceuent of thoge tunings walch arc

LEing worn out muct take places; it cannot cuntinue to give

w

ervice without an sdeguate return. at consititutes an
aueguate return cannct e ueflinitely stated as conulitions
unicrs woich tlie service 1L given are nct tne sace in all
czses, but tune return, in the agregate, must e sufficient
to keep tue enterprise coing . The product cannct be sold
&t less than marginal cost to any purcinaser wituout increas=
ing tune cost to others.

rThe total annual charges may be aellned acs
the sun of all operating expenses plus interect and profit
on the investment; or the totzl Ogerutingcharges. These
charges may be classifiea as "Investuent costs", and “rro=

auction costs".

Investuent costs are coposed of (a) Taxes;
(b) insurance; (c) Depreciation; (d) maintenance; (e) interest;

(f) profits.

Production Costs

1

The following aivisions may be iade in the
production costue (a) trafficj (b) transportation; (c) Oper=

ating; (d) cormercial; (e) general.
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1The following terle encwe tie total annval
or operating charges prer twn of two larie centrad gilaztion
corcanies wiCee continea jreduction totals gpproiveately taree
billicyu I, yearlye 2oti these cinganier ore, @lu Lave been

cpeG in extersive wevelo enent oi rural service. e

+ P 2N -~
cuete &re i1t aulleres.

Chgi e A" Coujany M"OM Corcany Lverapge
l., Generaticll ==eecemcece [ CUS4L e=== 00478 e=e-== 0001

“e Trancl.liccicn ec=ecweee [ (C00ED ee=e 0012l e==== ,(CC1lCtD

Se Lluvtribtuticn ==--=--- [ 000GC ==== ,0CIC4 ===-= ,000G7C
€

Lo CliwaerCill e=ememececeee (0071 =-== (C0l0E ====-= ,C0CLCOH
Pe Tlew _ugillegy =we=vemee (U0lE ==== 00U0L0 ===-= ,0001t0C

€e Utilicaticon =====ec== 0004C ==== 00000 ===-= .000CLU
0208 ===== 002720

7« Taxes, Franch. elces == (002 ==== ,C

Ee Gereral (Lepree €tce)= o004le === ,004C9 ===~== ,C04L&H

Telel m=mmeesecemeemmceae (015¢  ==== (01679 ===-- ,C1l61¢5

e first five (&) itens cf ke awove mny
Le clacved aw production charges anu the last three (3) ac

‘

invegtrent crherees. Then =e=--

Produ;tiou CO0Etlsg =—ecmmccccccaccccccncrr e ana

& +L0sZ1

Investnent char ey =es=scscsctocccnncnnccnceca 3 «007¢ES

n
)
7

AVere,e revenue (grocs) Ler 1l =--=eccecccceme = 2 (0206
Averege net revenue pel IVl =-====cceccccecccecae = 2 ,010405
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Swiory of Trerating olories
If the Cross revenue of $.0866 per nwhe
&s shown on tue precedin. pa e ropresentc the tectol orer-

ating char_es ilus a fair prot'it and interect cn the invest-
ment 1t 1s obvious trnut a rural custoue witiove 8hare

of charges snould te hi_hnest per rwh. used, carnot be
chargced less tnen tails axount without beinyg untair to those
of the custouers Wrncse srnare 0T the orerating charse is
cralls 7Tre mwarginal price tnen tnat a rural custonser

ghouald jay is e.0Z266 yer inne. That tals is cocnly on

errarent umuarginal price can be seen Iruu e 1'c¢llowin. com=
rutations.

The crnar_e for custemers loocses wrnould

—

rorerly be tne total operatin. crnarce viicn is trhe invest-
went cuarge plus the proauction cuarge ana whicn from the
preceairg pace amcunts to 4.0lee per [uie
In tne counputations, the investient ciar.e
nas tekea as lz,, on tre total cost oi tie plont necessary
to serve trie cugstuwer anu vwiiicn incluaes interest,

depreciation, taxes, mainteuance, etce

<9
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In the follewing cungputations the line

has been assurmed to have 17¢ ft spacing btetween poles,

-~

(30 poles per mile) ana the nuwber of customers to be O

peT alles Tie Cost

rer castomer under thes

[

conditions,
incluiding copt of the line, tranciorier iastallation, ana

service installetion, is ,337.35. (Lee pope 13)

Investient charge 2 12 X 33735 ==e=cccccccc-e o § 40.48

Cost of locses, Q3 Iwh & 016 ==c-mmmmecccccnas = 4.75
Ceet of ernerzy, S13 Fwh o $.01lCL ==ccccccceccca- = 14,79
Tetal 208t L[ETr CUSLULIED ====e=ccemecccccccccccem=s = ¥ 60.02

If tue custower is charged ouly the
mar igdal cowt of 60260 per Iwhh the total anmual recelpts
would e 913 X 0266 = 224.28 wilch it 4C% of the totzl
cost. This mar;inal price caa ve reached only Ly in-
¢reace of t:ie nuwiber o custuners cousing & rewuction of

the fixea crizries, b, increaseing the consuwaption, cr by a
combination of itne tWwo.

Curveu 3 and 4 chow tie effects of the
increzace of the nuuiler ot custoilers per mile and increace
of anmual c.onwumptions The rarginal coat et any concwastion
woula te trne point of crossing of wny rate liac per rwn, &alu
tite annual cihnarge lines In aevelepin, these curves the

eff:ct of increasze of transformer sizes has not begn congider=-

€C, wo tie ullference woula be zliout neglicible.

30
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Reduction of Annual Charges

The investment charge is shown on page
30 to be the major item in the cost of service, and this
is the only item that can be reduced in order to decrease
the annual charge. A reduction in the energy cost will
have little effect and the losses cannot be reduced without
a reduction in the transformer size.

There are several ways in which this in-
vestment charge may be reduced. At fisst thought it would
seem that the use of less costly construction materisls will
accomplish this and it will if the use of such materials
does not shorten the life of the line beyond the point where
the saving in first cost is not counterbalanced by the
increasing rate of investment charge. The use of cheap
materials not only shortens the life of the plant but also
tend, to decrease the service to the customer through inter-
ruptions eto. thereby lessening his good-will towards the
central station company and acting as a deterrent in the
growth of consumption.

Cheap labor will usually do slip-shod
work but high priced labor may be cheap if the output is
inocreased without decreasing the quality. If a worker
is pagd a full days pay he should give in return a full
day's work. This is very often not the case. Some

companies allow their men travel time to and from work and
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on rurnl linos onyeciuliy, wiiero tiwo alst.tices froa the
gshop to the wori .re usu.lly congider.ble, tiais will cuucve
o lurge decrense in the duily outims,. inis truvel tizo -
will, st times, owuse an ircre:.ss of from £0% to 1005 in
the lal.or cost ubcve that vhich it siwould cort &f the mon
roscrtod on tho Joo.

Comptiring the costa na aiiown on pugea 10
to 14 irclusivo und thelr wocoispunying curve it cun be socn
that ¢ vory muterial savirg in tho {»ve.-tzont muy Le hud by
the uso ¢f Joirt oorstruction, This Joirt uce of pole lires
is to be.rocomuundod in rur.l toritories vihore the lond on

will rot waount to 4 grout doule

PR It 3 7K T
A A R LR

[S]
bl
= |

Thia vord nus bLeun propurod with the tihour.t
thu.t the coet of corvice 18 the deterzining fuctor of tha rate
to bo char;rele lutes ounnot, of course,bo bunod u;cn the
cost of norvico to tho irdividurl, the indivildunle miict be
placoed in groups, in districts, uni in toritories, whore ane
rute nay dbo mude ap;licuile to ell, thece grours clussed aguin
acccerding to the dornsity of the lcud und u {uir end Just rite
churgod LG Froufe

It 48 anparent thut tiho ritos for rural
sorvice muct be higiier thun those charfed in the more dense-
ly lcaded distriots. Its costo core to give tho servioce,

the oustouor oxpeota to puy more, undi it 18 un econonic taruth,
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It 18 rot tio pur_cse of this work to e.y wiut
ratos shull be churgede The cost of corvice diffors so
widely in dif . eront purts of tho courtry that tino rutos used
bE one coupuny ounnot be upnliod by wnother. Thongytoo,
thore ure 80 muny difleront wuys of ruto nuging th.t it
would be iiiosuible for uny one poruon to muke a rate thut
would be uocepted by sll,. fhe vritor h.s endeuvored to
ghow thut the cost of sorvice 18 all-i:jportint and thut

there 13 a true murginu:l price which the customor must pay.
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