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1 INTRODUCTION

The problem of distribution of electric.power becomes more
compiicated and the efficiency of distribution becomes more im-
portant as the electrical load increases with the growth of.
indﬁstry. |

The author has made a cr;tical stuéy 6f the primary and
secondary distribution system practices in use in the United
Stateg of America with reference in particular to the adapta-
tion to Pakistan, |

Faced with such a vast probiem of studying American dis-
tribution practices, the aétéo? of necessi#y is forced to
limit his diséussion on many of the toplics given 5elow; He . -
reélizes that meny accepted practices in America would not
be economically feasible in Pakistan. However, many Americah
practices and trends are recorded in the thesis since future
developments may warrant their consideration,

Use is made of confidential information not available in

the general literature but released to the author for this

.thesis; consequently, statements concerning certain practices

and studies may be found in the thesis without scurce refer-

ences, Wherever avallable published material or current trends

are used references are given.



Since Pakistan may enioy pheﬂomenal growth in its distri-
bution systems, it was deemed advisable to investigate American

practices which might even be new to many areas in America.

ak
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11 OVERHEAD ELECTRICAL DISTRIBUTION SYSTEM

In designing & distributiﬁh system, an engineer should.
consider, the éOSt of the material which he is going to use,
1t is not always practical to use concrefe or steel poies in
prder to obtain a permanent installation, as it may be more
practical and economical to use wood poles which have been pro-
pefly treated with preservatives. The price of the different
materials, of course, will depend almost entirely upon the geo-
graphical location of the 1nstailations, the abundance of material
at hand, freight and drayage costs, and various other expenses
necessary in delivering the material to the job.

American practicé has shown that material savings may

be made by using bare conductor of high tensilé strength, By
omitting the waatherprooflcovering commonly used on the line
conductors, approximately one third of the price of the conductor
may be saved, The elimination of the weatherproof wrapping or
braiding on the conductors decreases both the weight and the over-
all surface area of the conductor, thereby adding a éreater mechan-
ical sgfety factor to the construction, Another item of sa;ing is in
the 1apor cost where bare conductors are used for over head distri-
bution, This difference is on account of the decreased weight and
the cleanliness of the bare conductors, in addition to the labor

saving devices for making splices and taps. The labor costs for

i
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bare conductors is considerably less than the labor costs for
weather proof conductor. —Ba;ﬁ-wirq“construction lends itself
to longer spans and therefore fewer polés. Joints and splices are
aade on the bare yire construction by the use of splicing sleeves
and solderless connections!“thereby effecting a great saving over
the method of.soldering all joints, The cost of pulling slack on
distribution systems' built of bare wire is relatively small com-
paréd with the similar distribution systems where weather-proof
conductor is used, In areas subject to ice loading bare conduc-
tor usage is very desirable,

In making a system aore permanent, perhaps as mucﬁ depends
upon the'method of construction or the installation of line
material as upon the kind of material,. kNothing can take the place
of a good set of specifications for thé installation of a distri-
bution system, and established good methods should be followed
unless sound engineering judgment warrants a change. This does
not mean‘that where conditions warrant that new methods should not
be tried, N

The most economical voltage for an overhead distribution system
in most cases i1s determined by the immediate load to be cared for ‘{:
by thé gystem, The next th0u§ht 1s given to future possibilities {i
in order to desigﬁ a8 system with sufficient surplus capacity, Then

the type of construction 1s chosen to fit the voltage. 1f the most



economical voltagelis‘chosen it must be considered in connection
witﬁ gn_egpnomical type of construction,

_Top often the system voltage ;s not givep_sufficiept con-
side;ation, and engineers have been too prone to use the voltage
with wpich they are already acquainted. This is probably_j?ug for |
two ?égspng. One reason can be attributed to the fact fhgf there'
are a number of recognized voltages which have been éiving satis-.
’¥actory service in the past, The other reason is that p?qcti~
cally all th; pele line material equifment hag been degignéd to
operate at these recqgnized voltages. Economy usually dictates
the use of one of the standard voltages.

| The voltege used on the first distribution systems‘ygq %20.
This was qonsidered thg most econogicallvoltage for thg o;q direct-
current Bystemslbefo?e the advent“pf alternat#ng~current d#gﬁribu-
tion, The 220 volt direct-current systems served their purpose
at thg time they were inaugurated because thqré wag qnly_g ?mall
1igh£ing‘;pad to be cared for and this load was goncentrated in é
vary'smgll area, As the bulk of their load increased it was found
tmpossible to put 1n_conductors of sufficient size to carry #he |
load‘gcgpomically.

-hThe advént of alternating-current for use on distributibn'systems ’

presented the posgibility of extension of the system at a very great

saving in line conductors., The primaﬁy voltage for distribution

N



systems was gyaduaily raised from 220 volts to 1100 or 2200 volts,

" With additional load increase the primary distribution voltage

~increased to 13.2 kv with some secondary systeme operating at

440 volts instead of the standard 220-110 volt system. Such

sfstem voltages not only eliminate the multiplicity of substa-

tions.ﬁqt”also provide possib#lities for future extensiogé gither
for larg? plocks of ;ndhstrial 1oaq or for qu}l scattered rural
prospects.

q(S#ng}e phase 11,590—115/230 volt'dist?ibution.transférmqrs
are used on most of the 11 kv distribution éystems where thege
systemswggrvg a widely scattered territory. A cpnsidera?le saving

might be obtained by installation pf the nquﬁpgl and 6800-7200
yoitltrapsformers. Hoyéver, in sparsely aett;ed ter;itorigs the
cost_of a neutral condugt&r amqunts to more than the differéncé in
price)pf tﬁe §§60 volf“and 11009 volt transformers. One of the

first objéct}qqé which is always raised to 11 kv distribution is

that the distribution transformers cost approximately 40% more

than 2300 volt transformers. The greatest difference in cost of

2300 volt and 11 kv distribution systems is in the price of the
protective equipment,
In the design of a distribution system, it 1s necessary to

choose materials and methods of installation which will give the

gréatest safety to linemen and construction crews, This can be



accomplished by providing proper clearances and safe equipment,
Due thought should be given to the safety of the man who has to
operatg the diétribution system after it is completed.

Agy kind of temporary construction should‘be discouraged,
as it 1is no;'an easy matter to replace a témporary installation
.while ;t is in operation, It must be reﬁemkered that gquipment
once #nstalled 1§.tp be operated and maintaineq with Fhe least
pessible number of interruptions to service., It must he operated

"and maintained to avoid hazards to life and property,.
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111 UNDERGROUND DISTRIBUTION

Practices and Trends In Service
For Residential Customers

The use of undergréund distribution in res%dential areas
dates back many years. Early {nstallations made use of the com-
ponents associated with high load deneity design practices util-
izing conduit, manholes, lead covered cables, uaua;ly paper
insulated and submersible equipment, 1In residential areas in-
volving relativgly light load density, the cost of conventinngl
duct and manhole type of construction cannot qongally be Jus?i*
fied énd tbe use of cable suitable for direct earth buriallis
essential,

The latest innovation, buried cable and buried trapsformers
without vaults, 18 being tried by two utilities and-may extend

underground distribution to areas normally supplied by overhead

distribution system or aerial cable,

Factors Which Influence Demand For Underground
‘The tendency to use underground cable is not only influenced

by the long established demand on the part of the owners and sub-

Qen bl - FEFLITI. SN

dividers to avoid the use of poles, anchors and wires assoclated
with ‘overhead construction because of aesthetic considerations,
but has been intensified by factors that have developed in recent

gpars. In towns densely populated areams, overhead lines are

e



cleafly imposéible. The uee of curvilinear streetsland irregular
property lines, inherent in many ngw sub-division developments,
have been 1nf1uent1a1.1n increasing the preference for under-
groundlcpnstruction in such areas because o¢f-:the pongestioé ?f
poles and guys requ%red._ As the cost ratio Qf undergroupd#gnd
overhead qonstrﬁctipn becones gpaller, certa;p“pperaﬁionglnaQVan-
tages of underground should be evaluated in determining its use
from the utilities viewpoint,

Ordinarily, -underground systems are not subject to major
damage and prolonged outages during severe storms to which over-

+

head lines are. susceptible, Continulty of service in undergrodnd

areas, which are in most instantances supplied from overhead lines,

are often related to overhead line hazarde. Gengrally speaking,
underéround lines avoid the major problems ofhservice restoration
and répairs over wide areas which are associated with overhead
construction under ext}eme emergency conditions, Tree trimming
cost constitutes one of the most important items in the installa-
tion and maintengnce of overhead lines in some areas, These cééts
aré eliminated by the use of underground distribution.

" Furthermore, the underground system might be expected to
have a longer life than the. poles gnd.croas~arms of an overhead
system.. These cornsiderations may make the use of undergrdund

attractive in many localities.

10
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1t should be pointed out that failures do occur in underground
cables and that such failures require longer repair time than that
generally required on most kinds of damage to overhead conductors.

However, total outages will probably be less on underground due

to the smaller number of faults that occur.

General Installation Requireﬁents )
Cable installation practices vary widely from that of using

conventional conduit systems to the least costly direct burial

-t

methods,

The use of conventional conduit systems, normally associated
with high load density areas, for residential underground install-
ations, has been largely replaced‘(in the intergst of cost reduétion)
to an increasing extent by direct buried cables,

The trouble free operation ¢f buried cable depends largely
.upon the depth of burial and the protection provided against mechanf

;ical damage. These two factors are closely related. Buriasl of cable

v

deep in the ground is one of the most effe%tive means'of preventing

mechanical demage. Cables should always be placed below the frost

.

line to avoid mechanical stress resulting from heaving or shifting
of the earth caused by freezing and thawing. Buried cable should
be deep enough to be free from interference and possible damage

from such operations as deep plowing, post hole digging, driving

i
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of fence posts, roﬁd maintenance, dralnage installation, and
gardening. IA good covering of earth to place the cables below
the level-at whiqh ;uch interference ie 1ikely_to occur provides
better assurance"agginst mechanicel damage than metallic armor on
-the cabLg itself in shallow ground. For good results the depth
of burigl should be from 30 to 42'1nchés depqnding upon the loca-
tion anq the prob;bili@y of meghanical disturbance. In addition
to the’ng@ural proﬁection of tﬁe ea?th covergge, 1t is highlx
desirable in some locations to provide further mechanical prof
tection over the cables, such as creosoted wood planks or con-
crete siabs. after they have been covered with abbut ;] incpes of
backfill.

Extra protectian is of particular importance at road cross-
ings agd drivewaya, where damage could re;;lt-from'dr1§ing over
the cables with heavy loads, For such locations the insta}lation
of the cable iﬁ buried-conduit is highly recommended, In-a&d}—
tion to the mechanical protection pr;vided bylthe conduit,_it
also affords a convenlent means of'replacing phe cable ?ithout
the necessity'of digging up the'rbadway. .

The most satisfactory way of inﬁtalling bugied cables ;s to
lay them in a trench with proper bedding and backfill., The trench
method ‘as compared with cables installed by means of éable plow,

results in less bending and distortion of the cable, less danger

of stone cutting, greater uniformity in the depth of burial and
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better control of conditions throughout the entire length. Where
cable is plowed in, there is no way of controlling the condition
of the bedding and backfill since this depends entirely upon the

contents of the scoil,

RN
[

Wher; éabies are laid in a trench the bottpm should be free
from sharprstones and have a sandy loam layer at leasﬁ three to
four 1ﬁches deep to provide a smooth bedding. The cable or_gables
can thgp be laid in the trench, If the sandy loam oontginsrrela—
tively large stones or pebbles, it should be screened before using
under or over the cable, The sandy loam, which contains both sand
and 1oap, provides protection from possible injury from the crush-
ing effect.of stones or rocks which sometimes occurs as the back
fill smettles, In addition, soil of this type tends to holq_mois—
ture and provide better heét transfer away from the cable thén with
sand alone or with clay alone. Sand dries out quickly as i@ per-
mits water to drain Bff readily and clay bakes-Qut in dry ggasons
and in this condition it has high thermal resistance.

Mu}tiple priméry cables, such as the three phasesrof glsingle
feede{“where'sipgle phase cables are used, may be layed in g-trench

without special attention to separation, Where more than one cir-~

cujt 1s involved, some separation is requiréd to permit work on one

circuit with the other alive. Where primary and secondary‘cables

are directly buried in the same trench, they can be separated by



being laid on oppeosite sides of the trench or with the seeondary
6 or more inches above the primary. The latter arrangement 1is
probably less costly since §t can be accomodgted by a'narrow
trench and offers the advantage of the secondary cables provid—
ing somg.protection from the primary in ca;e of excavation, as
well as faciiitatihg fhe direct connection of services without
the risk of digging into the primary.

Choice of design depends primarily ﬁpon the utility's view-
point regarding operating requirements and service quality., It
13 also dictated by local conditions, many of which are beyoqd
the control of the utility, such as local governmental restric-
tion, so0il conditions, local terrain, and landscaping, as well
as area layouts,

Where 1§w coet 15 the objective, it is important to evaluéte
simplification a§ 1? effects operating, maintenance, and service
restoration; pgrticu}arly in view of the long term life of Fhe
installation, It is also important to consider the adaptability
of the design to the load growth as capacity increases. Direct
buried cable installations at minimum costs can be designed to
satisfy all these requirements,

Design ObJectivés
What are £he design objectives that'should be the.goal in

underground residential distribution?
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There are certain objectives that are comﬁdn to most fesiden-
tial underground installatien,

1. The quality of service with x;eapect to continuity and
voltagglshould be gt lqast eqqal't?_that proyided by thfu;g@#
overpqadlsystem.

?. The componeq#lparts mist be reliable a%Q 1nher§ntlyﬁprp—
tected from the opératioual hagards inherent 1n.underground
instgl}gtibns suﬁh és-moisture, damage from digging. corrosiqn,
freezipg: lightniqg, atc,

3. ,fhe,ins£a11ation should hake the maximum use of overhead
system components such as transformers and switching equ}pment.
This ;s'in the 1nterest_of low cost and simplification as well
~as adaptability to oﬁération by ﬁormal operﬁting personnel, whose
training and experiancg‘usually contains and centers arohnd 6ver-
head system practices.

4, The system should be capable 61 serving increased 1ogds
without cable replacement throughout its useful life,

5f Service ;esfqration normally should“be made by oyerhgad
troublg—men without digging and in a minimum of time.

6. Cost should be kept to a minimum cohsistent witP the
above'cpnsiderﬁtions. *

Primary'system
Thg primary voltage used in underground distrihution system

is that generally used for general distribution in the area.



Eiisting installations range from 2.4 k§ underground to 7.2/12 kv
milti-grounded systems with by far the majority of éyatem supplied
at 2.4/4,18 kv with multi-grounded neutrals. |

' Ugderground distribution is normaily confined to small greas
such as a single sub-division and is usually provided by single
phase branches from three phase circuilts used for general gerviée
in the area, Where required by the loads, two or three phases
may be gaéd.

The general features of various circuit arrangements fall into
three generél categories:

}. Radial

2, Loop

3. Duel Feeé.

The first of thgse, which is the simplest arrangement, as
shown by figure 1, is similar to the familiar radial overhead lay-
out. ZIn this simplest form, single phase branches serve ong or
more tranéiormers without sectionelizing or reserve connections
at the ends of the latefals. These laterals may be more extensive
with brenches and sub-branches along a three phase system depending
gpon the ex;entlof the area to be served and where justif}qq by the
load requirements, Sectionalizing may be provided at the 1gtera1
take-off or at frequent intervals on more extensive layouts‘to

allow for the removal of several laterals between sectionalizing
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points, It is usually considered more essential to prdvide s6éCc~

: tiéna;iziné:wﬁére the main is pﬁderground than where it is over- _fy?g

head,

Since most underground areas are supplied from adjacent ovar-

‘head lines, 1t is the usual ﬁractice to provide fused disconnects

at the Judctioh point to give protection to the remainder of the

P

servite.area for faults on the underg;ound.

el

The simple radial layout can be improved by providing séc-
. - . . DR, L

+

tionalizing at all transformer installations with provision for

‘disconnecting the cable in either dirsction., 1In case of cable

failure, service can be promptly restored ahead of the failure by

- Sy

sactionalizing, and the use of a portable enérgency cable betweén

ﬁny two transformer installations can temporarily restore service
to.the remainder of the load, The use of emergency cable is
facilitated when single conductor cable, such ae ‘concentric, is

-

used on such a system,

, 4o .
One of the most frequently usogﬁ?rgﬁgry layout 1s the open
o . o 3Fr ¥ . st
T

primary Lobp-hs-shown in figure 2. The loop arrangement pro#ideé
a supply .to each transformer installation from either direction

and permits the prompt. restoration of operation. The two ends
S , . . U

of the loop ére usually supplied at different points, These
. : 4 : - LY - B -

(LA %

points may be on different circuits, or, if single phase, from

CEPTE A

different phases of the sdme circuit. The additional cablé" . . E T‘
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required to supply locp service over that-under the simple radial
layout 18 usually nominal and may be adequately justified by the
improvement in operation provided.

One arrangement. which will provide some savings in investment

is to alternately 'loop and tap adjacent transformers. This 1s

particularly true where the transformers are located at.a dis-

tance from thé,%pblé :un.,.uqdér this'gr;éﬁg%ﬁbﬁy, thé tapped trans-

L

former 1s'Subject to interruptiom;

ik

’EabIe_failﬁré*Bgtieqn two
adjacent locped transformers and the use of: the temporafy:oablé
must be resorted to for service restoration,

Another arrqﬁkement which 1a also used in the primary circuit

R T FAN o,

is shown™in ftgu;e?qg nmhishhrrangement, which may be used under
certain circumstances, provides duplicate feeds to each transformer
location with facilities to switéh'each transformer, manﬁally, from

the normal to its alternate cable supply. In some instances, two

cables might be available for such use along the same route and

separate phases of a three phase circuit could be used wﬁere the

oireuit is made up of separate cables for each’phase: It is
éoubtful if this arrangement can be justified if the two cableér
have tg be provided as a‘part of the installation, Also under -
thislar;ahgeﬁent, the number of transfofmers must be limited be-
cause of the excessive.amount of time required for switching a@

all transformer locations.
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Remarks

Many variations of these three basic arrangements are possible

.and the choice of the plan is dependent on the relation hetween the

costlof additionﬁl refinements and the benefits they wiil provide,
The benefits that must be evaluated are improvement in quality of
service as related to operating time for service restoration, and
operating manpowsr requirement,

ihe 1pdustry ﬁgndenoy iz toward some form of_loop argnngemnnt
with two way supply, since 1t appears that such a‘system most eco-
nomiénl}y provides_thn degree of service-continuity consistent

with the requirements of most utilities,

Primary Cable
The types of cable used in residential undarground'distfibum
’ tlion systems depend mostly upon the methods of installation, as
prefiogsly discussed, but is also influenced by the established
practiooq of the individual utility,

_P:_'ose'pt practice throughout the United States generaily nakel;

use of hdﬁa type of single oonducto; cable, ;lthough there are
. éomé ipétallatiops of multiple conductors, Types of conductors
vary\f?om_lead and paper or lead.and cambric through all the
various tyﬁes of rubber and synthetic compound installations,

Lead sheathad cables are generally installed in some form of

22



duct system and are not‘normally directly buried unless con-
structed with a jacket over the lead, There is & trend in the
newer 1ns£a11ationa to use of ozene resistant rubber with a neo-
prene jacket for use in duct or direat burial.

A coysiderable amount qf conoantric.cable is in usa_and
ite use, both for direct burial and in ducta, is époreasing.
This cable, insulated with rubber, and having & necprene jucket,
is used in the 8 kv class, It is similar to single conductor
cable but 1s classified as a two conductor cable,

Anlimportant advantage in the use of rubber or synthetic
compound lnsulatggwgggéas; or cables without shielding taps
at 5 kv, is the éimplicity of termination, Overhead type equip-
ment, such As porcelain box cut-outs, may be used at trans- -
former installations and sectionalizing points, This results
in lowgr costs and ﬂmp;oved operating procedureé, by crews_
trained in th; use of averhead equipment, asa comparéd to thg
usual type of termination and expansive switching facilities
required with metallic sheathed paper or cambric insulated \
cables,

A recent development which holds promise of cénsiderable
cast reduction is the low cost moulded thermoplastic cablé

splice which is available in kit'fonm for use in non-metallic

sheath cable, Its use eliminates the need for joint taping



b

.., ' are generally carried in duct systems and the service connec-

"

Al

_ and results in a considérable reduction in labour coata,

[ .

Aftgr paking the proper connection, a mould is fitted over .

'thé joint area and fi{led with a ¢ompound whieﬁ, éhrough ehemi—r
cal act;pn, £111s }he mould aqq insulates the complete splice,
its useiis particulgrly adaptable to single conductor cgble

+

and ie adequate for direct burial.

Secondary System
The load circuits or seocondary mains from which congumer
_ﬁervices are tapped generally follow the geographical pattern of
the load area because the mains are located under the streets or
alleys in the area so that the services to ths consumer can be as
short as possible, This arrangement faoilitateglaccesa to the

mains for repairs, maintenance, and servicé connections. In

&

‘underground systems the setandary main as well as other cirouits

+

tions are made in manholes, vaults, or shallow junction boxes,

,At the inter-connections of the secondary mains the correseponding

phase conductors of the intersecting mains are oonnectedrtogithar

. so that, 1nrmosf city areas where the low-voltage secondary work

is apﬁlicab;e, the system of secandary mains takes the form of

a grid. In an ideal case the grid forms & reégular pattern such

‘as ghown in figure 4.
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. Subatation

Foader-1—
" lFeeder-2
{Feeder-3

¢
: Secondary Mains,

Fig, 4 Schematic Diagram Showing the Basic Arrangement Of
' ~FPrimary Feeders, Network Transformers, and Secondary
Mains In a Low Voltage Secondary Network.



© Y 127/208 volt secondary is being used where heavy load cenéégﬁia—

26

Single phase, three wires 120/240 volt secondary circuits
with grounded neutral is the .@gnem practice throughout the
=43
v
United Statesz. However, in some areas three phase four wire

tions are being experienced, Three phase power load and aingle

phase lighting load are readily served from such a system. In

the future 240/480 volt three wire secondary might also be pro-

vided to serve heavy residential loads. ’ 1 IO
! 5

The layout of‘the'underground secondary is much the same as

that used on overhead, Radial secondaries are used predominently

but there has been'gqmg use of banking and looping. Th@se
latter arrnngqmgqts are justified by improved regulation and
reduced motor starting flicker,

| The advantages of single ﬁhase banked secondaries over the
radial system becomes more important underground, It npt on;y

provides the usual advantages of diversifying loads between

trans!ormefs, thereby pcruitting smaller installed cepacity, im-

proved normal voltage leveis. and reduced flicker thoh is a

'-_faotor in spacing between transformers, but it also provides

capacity to handle new and growing loads, Cables, ahgﬁtpuried.

are expensive to replace i1f it is found that conductor aize

.18 inadequate, The use of a double breaker self protected

tfhnsformer constitutes a most desirable method, from & oo§t

e dite,

PRAENY



standpoint, of banking underground seconderies; although fuiied -

tie points installed above ground between adjacent transfosifers

3

may be qsed, -
' Secondary and gprvicé Cable

In underground systems the secondary maing generally are.
made up of singla-con@uctor cables hecause of many 1htorconnoc-
tions and service taps required in a secondary network can be
uﬁaﬁéﬂmore‘eaéily aﬁdllass expensively on single-conductor
cables than multi-eonductor cebles. Within the last decade,
improved insulating materials have résulted in ax¥ensive use
of non-metallic :he#th@d cables because splices can be mede more
oasily-andvless expensively on siqgle-conductor ¢ables than
multi—aodduotor,eables.‘ Within th%flast decade, improved.
insulatiné gaterialp have resulted in extensive use of non-
metallic sheathed cables because splices can be made moré‘ahaily.
Althougﬁ thrés conductor cables ganerallg are’n;t used, ;t'té
common practice to tyist all the conductors of a three ppnqer
circuit togethsr to kee£ toa minimum the reactance of thq cir-
cuit and thuﬁ improve voltage regulation,

Th!jsize of the conduotors in the secondiéry main‘dapends prif

mafily.onjthe'required carrylng capacity, Hbﬁaver, the voltage
':?p.’—

drop from & transformer to'hny load along the mains urider normalﬁl

"
=

opernting'conditions ghould not exceed about two percent,

27



qu conductor sizes most frequently used in underground loi-
voltage_networ#s agp'§/0 and 250-, 350-, and 500—MCM{ waegg;,
- because of‘rélgtively high voltage drop, difficulty of handling
and the digtiuuity of burning; clear faults on 500-MCM cable,
., two &7@ or:250?uculcahles in pqrailel ar; frequontly used in

- place of.ono SQO-MCM qéﬁéhdtor.

cphc}usion on Underground Siutem
Undergrouﬁd:renidential distribution costs vary from about
) 1.5;t;.§g much as 10 times those of an overhead system regquired
to serve éhe‘sﬁme ares. This variation ia dependent upon the prac-
tices pf the individual utility with regard.#p overhead stagdarda
ai:we;i as thé—hndeggrbund design standards acceptable in the
ﬁartichlar iécality;;,By the ut:ii;ﬁtion of‘Availahle eompqhents
end simplified installstion practices, and opersting atauddrdg
- and requirements, und?rérouna 4 kv residential distribution can
be prov;ded'iﬁ most localities at costs in the range of 2 to 2.5
times that reqyired for an equivalent ovefhead-aupply.

' w:tﬁ‘the ever increasing demand,for';hhg%ncreasad utiliza-
tion of electric service, coupled with the public demand for
serﬁ1§e 1qp;6v§ments.and improved appearanges of utility;;er?w
ice facilities, future use of underground distribution in resi-

dentiml areaa.wiillundoubtedly 1qeraasa pubatantislly.

28



IV AERIAL CABLE

The real economies of serial cable becomé more apparent
when compared with open wire on the basis of dollars per KVA of
load area coverage instead of on the cost per mile of 1ine.’

This point 1s often overlooked while emphasis 1t being
placed on the more obvious advantages of improved appearance,
greateg reliability, and ra;uced tree trimmiqg.

When open wire construction costs are compared with those
for aerial cable, mile for mile the aerial cable costs frodgﬁa\
to 150% more, the exact percentage figure depending on locai
conditions and what items are included in the total outlay.

But such a comparison leaves unrevealed an important part
of the ec;nomic picture. It fails to take into account the

greater load carrying ability of asrial cable construction on

voltage limited circuits.

Cable Size Important

Much of the voltage drop in an open-wire feeder is the result

of line remctance. The ratio of reactance to résistande inct'émses
N 4 . S

directly with conductor size and spacing., For a 4/0 open-wire
line with an equivalent delta spacing of 33.8 inches; a conductor

size representative of the construction often used on 8 KV premify

feeder mains, the ratio is about 2-1,

20
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It 18 notcuutoma.ry to transpose the phase conductors on
primryoircuits Honce. the reactance and effective resistaﬁde
and éonsé&ﬁeptly the iq:.t}wo dfop in the line, is different for
each ﬁh?sé. The 1;ﬁ1{§g§ load on a voltage limited circuit.§§

) . " .

determined by the voltage dvop in the phase with the grestest

impedance , .

e
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‘ $
!
= _
VoL ' . . . . ' . .
COTEL . L Figure 5 shows the spread in voltege drop in the various
: phases of a 4-KV feedeflwith 4/0 open-wire conductor as & funétion

= of the load power factor.

Voltage Regulation Better

The conductors of aAS—phase aerial cable are closely grouped
ih equilateral triangular formation., This arrangement results in

balanced reactances much lower in value than those obtained with

-

f open—wire-ﬁoqstruction. Thia improves voltage regulation,
For the lérger conductor sizes the resistance is low, and
the reactance becomes a considerable part of the oirnuit_impedanca.

Thus serial cable becomes more advantageous as the conductor size

>

increases.

i

T

' : Figure 8 also showa a comparison of the voltage drop in 4/0
aerial cable feeders with the voltage drop in 4/0 open wire faeders.k'
- L .

5?§ﬁgnit ts shown graphically that aerial cable becomes more advan-

‘\faézous as the load power factor decreases.

i ' .
i : . WA
! LN
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Load Carrying Greater

Figure 6 illustrates the greater load carrying ability
of a;rial cable for voltage limited feeders, Aerial cable's
lower voltage drop will carry the same load further, or a
greater load the same distance.

Power factor effects the load carrying ability of aerilal
cable less than i1t does that of open wire, In fact the load
that can pe carried via aerial cable increases as the power
factor drops below about 85%. ’

Some new residential loads cq?ing-on power systems today
have very ;ow‘power factors, As this f;ond continues, the

greater load capability of aerial cable should prove even more

important in the future.

Best Application

Three phase primary meins afford the most attractive appli-
cation of aerial cable. On these the largest conductor sizes
are used and conséquently in this usage lies the greatest oppor-
tunity to increase feeder load cagrying capability, Otﬁer advan-
tages of aerial cable take on 1mportance‘in this fie1d.

Service reliability is most critical on the mains, An
;utage here effects all or most of thé cuato;ers on a feeder,

while an outage on a simple phase. lateral effacts only a relg%i
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tively few customers,

Tree-trimming expense is greatest where large space is
required for open-wire, 3-phase circuits. Trees must be trimméd
around. aerial cable, but the amount of trimming is reduced. Aerial
cable used for primary mains has an attractive sppearance and |
:olievésrcongestion on lines éarrying more than one fee&;r.

‘An importgnt consider#tion for anj utility ecompany is the
-fact that aerial cable reduces tpq_éhancos ofltrguﬁle spreading
from feeder to feeder. Aerial oable.will and has given continuous
operation when knocked down from the messénger and totally Pﬁg—
merged in water,

‘Secopdary networks with units in underground vﬁults and éorial
cable secondaries along the street can solve the.g;stribution.
problems in small business distriects, For small a;d medium
sizod cities and for the outlying shopping centers around different
areag such combined light and power net work minimizes the conges-
tion of conventional overhead Service, Moreover, this system
facilitates conversion to underground network if future growth
denands rdmdvéi-qf poles and wires,

Small business areas generally are supplied fromid KV overhead

radial feeders with separate power and light transformers, secondaries,

and services, -Many bulldirgs require both power and lighting services,

Over the yoirs, increasing load has required more and larger trans-
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[

formgfs é? cioserAﬁégcing. Polé congestion and the maze of
overhead ﬁirea n&i only impede pole replacement and_maintenance
but promote muﬁiciﬁal demands for underground distribution.
Long range forecasts in many cases do not justify conver-
sion to a éqmpletely underground secondary netwofk capable of
serving the high loéd densities of many areas, A solution of
this problem is a secondary nétwork with units in undarground
vaults and aerial cable secondaries on poles along both sides 6}
the street. -
Some %: the high-lights of the sfstqm are! ‘(1) Vaults
are locmted directly in front of largest loads with under-
\Fround cable ties betweenzvaults on opposite zides of the
street; ‘(2) Short underground services from the vault to
nearby loads and riser oable feeding_aerial secoﬁdary for

the other loads still remaining; (3) 500 XVA Network units

-

and 350 MCM seoondary cables produce a system capable of

handling 23 to 50 KVA of load per 100 feet on each side of the

street; (4) If the need for a fully underground secondary

network system dévelops, network voltage has beén establighed,
and the already installed underground equipment can be fully

utilized,



1

Network Combines Overhsad and Underground

The combination of overhead an& un&erground cable secon-
daries with network units in vaults will satisfy the demand
for improved appearances in meny omses. Three phase garial
°§h¥§ gecondary mains on each side of the street replace the
separﬁte light and power wires., A few larger transformers
in vauits aeliminate many pole-mounted lightigg transformers
#nd power banks to improve greatly the appearance of the over-
head syateﬁ.‘ Further improvement 1n appearance and reliability
may be attained by using aerial cablé for the primary feederé.

vaults on opposite sides of the street should be tied
tpgether with underggggggmgables. The network protection then
funétiona-to_p@rmit each unit to back up the other in emer-

gency.

a7
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Aerial Cable Affords Flexibility
(1) The cost of a few test installations of aerial
.secondary cable was 1.49% below that of the conbentional
type.
(2) The cable secondary system appears to be moré resis-

tant to wind and ice storms than open wire construction.

Maintenance Less

(3) As cable secondary design requires fewer poles, main-
tenance cost per\KVA of customers scerved is reduced and along
with it the occasions for disturbing a-customer's premises for
pole replacement, |

o (4) Phy?ical characteristics of the line improves and the

cable withstands mare wind than open wire and even it comes down
sometimes maintains service,

(5) 1t has better electrical characteristics than open-
wire construction, steady voltage drop reduces to 80% and flicker

voltage drop to 50%. Such improvements afford higher quality

service and permit use of large transformers.

Faults Are Fewer
{8) More clearance for services i1s available as a service
can be attached at any point. Service poles for clearing buildings

or other obstructions are no longer necessary,



(7) Neoprene-covered secondary cable 1s less subject to
faults caused by tree conditions which themselves are obstruc-

tive because of the greater flexibility in locating services.

HasyExtra Clearance
(8) Replacing a tangent pole costs considerably less, It
does not 4nvolve work on the services. When secondaries are

open wire, some gervice must be rearranged during transfer to

4

a new pole, Moreover, the pole for cabled secondaries is clesar
for hot-stick work in transferring primaries,

(9) :th}a clearance for trensformer replacemente is avail-
able because service connections can be kept away from the pole,

Compared with open-wire construction there are these ad-
vantages in the use of aerial cable secandaries,

13 Although fewer, faults are difficult éo locate and the
different companies have yet to acquire "trouble-shootinsﬁ-
experiencé with this relatively new construcfion.

2,  pAerial cable 1ﬁsta1}ation requires a apeéial spinning
tool for lashing in the field.

3. Opofatién of qﬁipne; requires special training of
personnel, K

4, _As merial cable is 20 to 30 feet above ground, making

service connections in any sort of wind necessarily involves use

3
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of the long extension ladder with hooke at the upper end.

Other Disadvantages )
5. The presenf metﬁod of installing services cosats
a little more,
6. Adding a fourth wire for 3-phase aervicé or as
a streetlight conductor is moré difficult, .
7. Additional anchoring and keeping the same pole loca-

tion make replacement of deamd-end poles more expensive,

More Training Needed

8, Two or more men are needed to locate and repair
secondary faults.

9, As services are connected to the 11ne,~there ia less
service clearance from the ground. Service clearance still
exceeds the minimum coge requirements, and the services them-
selves are usually shorter,

10. Secondary cable system installation aﬁd maintenance
call for new trainiﬁg of service crews,

Py

Competitive Position
Aerial cahle can compete with oﬁen-wire construction in areas
where it can use its greater load carrying ability to advantage,

Where local costs are low the cost ratio drops below that aésumed

in the calculations, and the cost differential is considerably



reduced, Then reliability, appearance, éervice continuity
and the tree-trimming element becomes the basis of comparison.
These may justify the remaining cost differenfial.

This study was based on 4,16 KV distribution as this system
is wideiy used and is quiée vulnefable to treeo 1hterferance.
Aerial cable is emsily applied to 4,16 KV,

Aerial cable for distribution feeders is not limited to
4,168 KV, 1t may also be used at 12,0 KV end 13.2 KV, At ;hese
veltage lgbels shielded cable is required and this increases the
difficulty ;f meking taps., The advantages resulting from the
extra load carrying ability of aerial cable are also present at

the higher voltages,

o
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- V RESIDENTIAL DISTRIBUTION

The present, -and long-standing. digtrib
residential ser%ice {n the United States is

three wire system, which could conceivably ¢

ution system for
the 120/140 volt

ontinue to be used

1ndeg1n1tely. However, conditions have changed mﬁterially from

the time this system first became standard,

on the horizon which can be expected to prod

and developments are

uce large increases

in residential load in the future, The plant investment in resi-

‘dential distribution systems is estimated currently at 20% (percent)

of the total investment of the budget for the electrical utilities. -

The indications are that this investment wil

1 continue te grow,

both in percentage and dollar value, The residential distribu-

tion is the most important single problem facing the electrical

utility industry today. The time is ripe fo
respect to new construction as to whather a
shall be made in distribution systems or whe

tices should be continued,

r a8 docision with
fundamental change

thor present prac-

what are the advantages in distribution economy resulting

from the use of higher voltages? The most ©
that the distribution secondaries and servic
copper, It might further eppear that there

but this, However, reduction of copper cros

44

bvicus hdvahtage 13
e drops can use small
ig no other saving

s-gection 1s not the
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whole answer, as this involves only the thermal capacity of the
citcuita, In most practical situations, regulation is more im-
portant in 1ng1uenc1ng costs than thermal capaclity,

The determining regulation may be voltage dip due to moéor
starting or it may be the spread in service entrance voltage
from light loed to full load., Which one of these forms of
'regulation is determining from a cost standpoint can be ascer-
tain;d only by analyzing the particular situation, Both forms
of regulation are improved according to the square of the oper-
ating voltage, for a given conductor size and given kilo-volt
amﬁeres of loed, Thermal loading is improved qnly according to
the first power of veltage..

| If the secondary vo;fage level is changed, the proportion-
ing of the system will change, The improvement in voltage regu-
lation permite a greater 'reach", i.e., a given distribution
transformer can serve more residences. It then has a higher
kilovolt-ampere rating with lower cost per kilovolt ampere.
It aléo suffers a smaller drop in voltege from motor starting
inrushes, which minimige another limitation on ;ystem design.
Another and important advantage occuring to higher voltage and
greater "gathering power" is the improvement is diversity due

to summing up of individual home demands.-

.-t
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1t sghould be notedlthat the following results sum up the
advantages of going to a higher secondary voltage:

1, Saving in secondary and service entrance copper.

2. Reduetion in total installed kilqvolt amperes of
distribution transformers,

3. Reduction in cost per kilovolt ampere of installed
transformer capacity due to the use of larger standard trans-
former,

o1
N

Econom§ Qr 3 Phase Secondaries

To evaluate the relative economy of 3-phase and single
phase distribution secondaries, it i1s first necessary to consider
the role of the grounded neutral conductor on both types of aystem,
Theorefioally. it might seem possible to omit the neutral con-
ductor on both the 3-phase and single phase systems, Thus the
mid-point of a 120/240 volt transformer could be grounded, and
only the two ;ut91;e wires carried away as secondaries, At

each home the house circuits would consist of a connection to

* e

..ground and to one or the other of the outside wires, Unbalances
due to differences in loading of the two outside wires would be
expeoted to find their way back to the transformer mid-point
via ground,.

“With street water.mains and house service water connec-

tions both of copper with 'soldered jointa, this syatem should

e
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be workable, although it can be expected that the voltage regu-
_‘lation from line condﬁctor to neutral will be ﬁigher.than when
a neutral condﬁctor is used,

Rightly or wrongly, the utilities have settled upon the
practicg of not depending upon w;ter plpes for the return of
neutral currents, and neutral_conductors of the same size as the
line conductors are frequently used, The neutral conductor may
be common to both the primary and secondary systems, Consider
the case of a neutral used for secondaries only. With unit
current in each line wire and unit vclt;ge to neutral, the
power capacity of the single 3—wirersysteﬁ is two or two thirds
of a power unit per conductor. In a similar manner, a 3 phase
4-wire system has three units of power handling ability, or :
three fourths of a powér unit per conductor. Under the most

favorable conditions, the 3-phase system permits a maximum

4 \

1mprovemed% of copper utilizatién by the ratio of three-fourtihs

to two thirds or 1,125, On the o£her hand, neglecting the neutral
in the sinéle and three-phase systems results in no gain in utili-
zation of copper. The actual ggin on the thrée phase system is
threfore somewhere between zaro.and 0.125, depending upon the
aqtual role of the neutral conductor in the system under consid-
eration, Therefo?e a tpree—phase four-wire system is as much as

124% more efficient in use of secondary copper than a single phase
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three wire system., 1f a hiéher sBecondary voltage than the present
120/240 volt standard is used, the general_concept of distribu-
tion s&stem design is changed, leading to lgrger transformers

;t wider spacings., The individual transformers may be as large
as 250 k.v.a., with present load densities to over 2000 k.v.a.

for communities saturated with heat pumps.

- P
. g

Different Types of Distribution
System-1 s the conventional radial system used to provide
single phase 120/240 volt service in most residential areas today.

!.
Figure 2 {s a single line diagram of this system,

34,6/418 KV 2.4 xv 1-0
X _ x Services
Substation  9:16 KV 3-0 Lateral f J
J Primary Feeder ‘ \\\J .
3 .
\ x )
% Seconjaries . § %‘“ o
DPistribution J
Transformey ' d
2.4 RV/120/240 v
Block Layout
- Fig, 9 Single Line Diagram For :

Conventional 120/240 Volt 3
Radial System, )

In the studies made using this system arrangement, the dis-
tribution substations were assumed to step down from a subtrans-
mission voltage to a distribution voltage of 4,16 kv three-phase

distribution e¢ircuits run through the area and are sectionalized
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- 80 as to provide loop feed under emergency conditions, Single-
phase 2400 volt laterals were tapped off the 4160 volt feeders,
and run QOwn the back lot line of each block to supply the single
phase‘distribution tfanafo;mers. Single ph;se three-wire 120/240
volt secondary ecircuits run in two directions from the transformers
tﬁ the service take-off points,

System 2 provides single phase 120/240 volt service through
distribution transformers supplied by single phase common neutral

laterale from 24.% kv 3-phase primary feeders., This is shown in

figure 10,
N ~ )
34.5KV 3-0 Feed 19.9 KV 1-¢
. -] eeder Lateral
x
' 4 Secondaries
S | Secondary
n X
Distribution Transformers .
19,2 Kv/120/240v ' gé
P 3
Figure 10 Single Line Diagram For
' Higher Primary Voltage
Conventional 120/240 Volt

' ' Radial System.
“”w?*:;fwfﬂree-ﬁhgse 120/208 volt seconé;;ies_uséd, laterals
% would be 3-phase 34.35 kv, and distribution transformers 34.5
kv 120/208 volt,

The 34.5 kv circuits are sectionalized so as to.provide loop

a

service under emergency conditioﬁs.

&
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Section 3 provides 3-phase 4-wire 120/208 volt secondaries
* ' served from 3-phase distribution tranaformers supplied from 34.5 kv
primary circuits; see figure 10, sectionalized loop primary feeders
~ are us?d. ’ , .

System 4 uses 265/460 volts as the secondary yoltage. The
long three phase 4-wire secondary circuits made possible by the
higher voitage permit more load to be served by & single trans-
former. In this system shown in figure 11, the large three-phase
ﬁransforﬁers are supplied from a 3-phase primary operating at a
voltage in the 34,5 class. The secondary circuits carry power

away from the transfofmefs jn four directions, The primary

feeders provide loop supply.

34,5 KV 3-0 Primary Feeder

Y

asdasas UarAssns 3-0

VYV ey 34,5 KV/285/480V
Distribution
Transformer

S

Fig. 11 Single,Line Diagrem Tor Higher
Secondary Voltage Radial System

Secondaries

*1f single phase 240/480 volt secondaries used, distribu-

tion transformers would be 34,5 kv -240/480 volts.
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.System S5 makes use of & higher single phase secondary voltage,
The 3-wire 240/480 volt secondariea'are gerved through relatively
large transformers as shown in figure 11, The secondaries run in
four directions from the transformer, The transformers are 3-phase

with each phﬁse on the secondary side center tﬁbped and 1solat§d

from the other two phases. The primary voltage for the system

!
18 in the 34.5 %v class. Theése primary feeders provide loop
supply. The 2657460‘v01t is not the only higher voltage to use,

Other 3-phase voltages that could be considered for this type of

an application are those of 220/380, 240/418, and 234/440.

Services
The service toleach house for the conventional 120/240
volt system is the well-known 3-wire service for both overhead
or undergrognd systems, For the hiéher voltage secondary systema,
whetherAéingquphase 240/280 volt, or 3—pﬁa§e 283/480 volt, a

2 wire service ie used. The two wires are a line conducter and

a neutral, The service entrance facilities for the higher voltage

system are shown in figure 12,

———— LA
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(’"4 Meter ) .
..)..-.._-____.._.___.._.-._- Servicde
— _/R 265/460v 3-0
460v
3-@4 |
240 or
2658 v
1-9 \
20v
1-0
— -

- Fig. 12 Service Entrance Facilities
For Residences, Higher Secondary
Voltage System, ’
All houses served from 240 volt or 265 volt secondaries
will have an auto-tranaformer to step down to 120 volts for
lighting and convenience outlet circuits, The higher single-phase
voltage (240 or 265 .volts), is assumed to serve all the fixed high-
voltage appliances such as ranges, water heaters, clothes dryers,

~and room coolers, These appliances will not be served through the

auto-transformers,
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Cost Data
The costs used in the studies are believed to be reasonably

typical of the costs for many operating companies,

‘Overhqad
Large distribution substations were employed in the conven-
tional 120/240 volt system using 4-kv primary feeders, The sub-
station stepped down from the subtransmission voltage of 34,5 kv

to 4,18 kv,

-

;9//' T Conductors
e (2) 34,8 Kv:3
3 ,/// //’// Conductors

%d

N

Dollars/Foot

2 1o Yo Joo 4oo  Soo

Conductor Size

Figure 13 shows the cost'of the overhead primary cirecuits,
The figure.includes both 4,16 kv and 34,5 kv primary circuits,
Figure 14 shows the cost data of 3-wire and 4-wire secondary
circuits, Full sized neutrals are carried for all low-voltege

cirouits whather single phase or 3-phase,
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Fig. 14 “Overhead Secondary Installed
Costse, Including Poles

The installation costs of distribution transformersa useﬂ in

” the conventional system are given in Figure 15,

Dollars X 100

t

24 o3 % (1) 1-¢ 19,9kv/120/240V Underground
|
// LA (2) 1-$ 19,9 kv/120/240 Overhead
20 ? //@ .
w”/’z’“”’ : (3) 1-9 2400/120/240v Undetground
/ .
'Gﬂf”’ (4) 1-0 2400/120/240vV Overhoad
/
12 e
L1
8 L~ 4 3
’/,//' e
. 1 L4
//
-~ KVA Rating
io 30 30 To Qo mo . Ll cap i -
Fig. 18 Installed Cost Of Distribution Transformers For

Conventional 120/240 Vv Studies
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Figure 16 gives the installed costs of the transformers used
for the 240/480 volt single phase systems and for the 265/460 volt

3-phase systems,

0 | | )r};/, ‘ |
* LA | eyl
'S //./ v
ZaRREEa:
(MM

g8

Dollars x 1000

Total Tranasformer Cost Installed

o ;//
a l:§(3"r-‘5\l'( v
]I P
3 ¥
o tooo - 2000 Joco éf

| - 26560V
Transformer Rating - KVA 37Tﬁ%§h

Fig, 16 Installed Cost of Two Types Of Higher Secondary
Voltage 3-9 Distribution Transformer

The cost of overhead service drops to each house as shown

in Table III (Ses Appendix ). For the 1.8 and 2.5 kva load

densities, it was assumed that No, 8 conductors would be used,

Fer 5 and 10 kva cases, No, 4 conductors were assumed,

Results And Evaluations
Table IV and V (Appendixi: ) present the results of the

overhead system optimizations., The totals and the breakdown of

Er
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cpstsare given in terms of dollars per house for each of the

P

four load densities and for each of the five mystems, The

results are plotted in figure 17. Figure 18 shows the results

plotted in terms of dollars per kilovolt-ampere.

Overhead
600
B2 (1) 34,0 RV/120/208-3-0
500 | 3 .
L //5 (2) 4 XV/120/240v  1-0
. | L~ .
g oo - — ] (3) 34,5Kv/120/240v 1-0
g /,/’ — 1]
8- ,/é/‘/ (4) 34,.5Kv/240/480V 1-0
300
& // T ® (5) 34.5Kv/285/460 3-0°
© Z P .
5 200 // ,‘{/.——
- = ;‘
8 lao :

i z 3 4 5 6 7 g8 4 o

Average Peak Diversified bemand

Per House in KVA ,

{

Fig. 17 Overhead System Investment In Dollars
Per House Versus Average Peak Diversi-
fied Demand Per House,

i
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Ved
i
J:o. P g:*‘
Demand Per House In KVA
1 ‘ 8
200 2 " g 10(1) Primayy 4,18KV Secondary
, 120/240v
(2) Primary 34,3KV Secondary
60— 120/240v
(3) Primary 34,5KV Sacondary
< 120/208V )
g 20 (4) Primary 34,5KV Secondary
N \ 240/480V ;
.4 ¢(3) Primary 34,5KV Secondary
AN
. g . =R
_ Lo >
1 2 4 é 8 L)
$
Fig, 18 Overfead System Investment In Dollars Per
i
pN Kilovolt Ampere Versus Average Peak Diversi-
. ' fied Demand Per House.
Average Peak Diveraified Demand Per Housé In KVA
1 B 5. 7 0
System Voltage ///’
ARV /120/2 }xﬂ/
34,.5K¢/120/24pV-10
/ 4/
§ - JORV7/2¢40/480V-10
E // / .
B
" / ?’ﬁwzes/«w-so
‘3 /A/ & '
[
& // /
://// ' Y
Fig. 19  Underground System.lnvestment In Pollars Per House .

Versus Average Penk Diversified Demand Per Housej
Diversified Demand Based On 1,000 Houses.
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The results of the underground system studies are presented
in Table VI and V11 (Appendix 5. - Figure 18 and 19 show these .
results plotted in terms of dollars per house and dollars per
kilovolt-ampere respeotivély. |

The cu;ves of figures 17 and 19 show that 285/460 volt system
offers the greatea; economy for both the overhead and underground
installations, Theloverhead curves of figure 17 show thaé?the
2685/460 volt system proviges savings over the conventional system
gtilizing 4-KV primaries of 47% at the highest load density studied.

The percent savings avallable in the background systems

; £h

through the use of a higher secondary voltage are not as great
as thqy are in the overhead systems, but they nevertheless repre-
sent?an appréciable emount, Underground the 265/460 volt system
~prov1des savinéé of 36% at the highest load dénaity. as shown
in figure 19, |

Overhead the 283/460 volt system provides savings over the
34.8 kv to 120/240 volt system of 267 at higheat load density
atudieq. Underground, the 285/480 volt system permit savings
over the 36,53 kv to 120/240 volt system of 227 at the highest
density. In both the overhead and underground systems, the 34.5 kv

to 120/240 volt system provides the lowest conventional system

costs at the high load densities, At the low load densities



the 4 kv to 120/240 volt %ystem provides the lowest conventional
system cost,

The 3—pha;e higher voltage system offers savings over the
single phase higher volfage system, Tﬁe eevings largely results.
from the increase in power-handling ability of the 3-phase
secondaries, ‘

The largest pert of the savings of the 265/460 volt system
over the 4-kv to 120/240 volt system is due to the eliminstion
of the 4-kv substation. It is this seving, complemented by the
savings available through the use of the 265/480 volt secondaries,

that makes the 265/480 volt system;most economical,
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VI ECOROMIC TRENDS IN THE USE OF ALUMINUM

Conductors

More than hal? the investment of an electrical utin'ty'is |
in transmisaion and distribution, and of that major division the
greater part will be found in distributioﬁ'while construction
cogt hes been increasing generating station operating economics
and substation aimplification have operated to stabilige the gost\
of electric service to the custémer.

Much has been-dohe to check the spiraling tranﬂmissionlahd
distribution costs, such as the following: use of highey, voltages
for transmission, relating of existing equipment to secure the
maximum use, and eliminating non-eassentials, However, in 1950
new extensions for new customers and replacement of existing facili-
ties were involving double the costs of 1840,

To prevent that portion of distribution between the sub-
Qtation and the éustomar's meters from assuming a disproportionate

share of the expense of supplying electricity, engineers concen-

‘trated on the use of new materials and new désign for increased

econony. . Appealing possibilities lay in the usé of aluminum but,
becaﬁsa of lack of information about such application of fhe
material and because of the pressure to keep construction apace
with community growth, there was reluctance to change.- =On.two

or three occasions prior to 19350, QXperimenfal installations had

eo
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been planned for the sistam. but in each instance because of in-
ability to clear up important detalls these plans were abandoned.

It &a quite obvious that there haée been certain economic
advantages in the use of aluminum conductors over a period of many
yeara. This fact is eaeily demonstrated by the 1nstni1ation of
aluminum transmisaion 11698 starting in the 1880's and on through
the years at such an accelerated pace that today, we know that
there are nearly three million miles of aluminum cable. (mostly
steel-reinforced aluminum cable--A,C,.S,R.--} in gervice in the
United States. Furthermore, somewhat over 80% of the‘high vol-
tege power in North America is transmitted over aluminum lines,

The high electrical conductivity of aluminum has made it
a logical competitor with copper, aes a conductor materia{.

Let us e#amine the reasons for this ever-incremsing ex-
pansion of aluminum use, largely at the expense of copper, It
might be well to point out the relative abundance of aluminum
in the earth's crust as compared with that of copper, Although
aluninum is not found in metallic form in nature, according to
geoclogical surveys there is approximately 900 times as much alum-
inum in the earth's crust as there is copper and it 1s also be-
ligved that it is sam@what over five times as plentiful as iron--
on & volumetric basié. Copper on the other hand, although plenti-

ful, 1s not plentiful to nearly the same extent, and what is more
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inportant, 1s not plentiful where we need it mosat,

Aluminum is the only commercial rival to copper as a good
conductor of electricity in the ever-increasing challenge to
the electrical industry in keeping pace witﬁ the demand for
electrical energy. It h#s excellent resistance to corrosion
in most environments,. it has physical characteristics which
are prepondergntly gdod, and it is easy to handle. 1Its light
welght and relatively high electrical conductivity pemit ¢he_
engineers to figure, as a rule of thumb, that for equal per-
formance, one pound of éluminum will do the job of two pounds
of copper. The rat16 is frequently even higher. .

Various applications of aluminum have multiplied so rapid-
ly that the industry has had to make,brodigious strides in pro-
duction capacity to keep pace with requirements.. As a result
of the heavy pressure, the price of the aluminum ingot today
is substantially at the pre-war level,

The introduction of ACSR (aluminum conductor, steel rein-
forced) some forty years ago wae a most important factor in
bringing aluminum conductors into competition with éopper con-
ductors., ACSR with its higher strength and lighter weight than
the electrically equivalent copper conductors introduced the

undeniable economic factor of “span advantage", that is to say

for some clearance between conductor and ground the use of AGSR
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rather than copper conductors réquires either fewer structures,
insulators, clamp, etc, or in some instances where the line pro-
file ia ﬁnfﬁvorﬁble for euch economics, at least require shorter
pﬁles or structures. The longer spans attainable with ACSR have
Qhown such strong span advantage in many insiancos that copper
conductors were simpiy "not in the running", even thOu;h ;n a
conductor foot basis they were much lower in price than their
ACSR counterparts; Today the design engineers and.the purchas-
ing agents jointly enjoy the saving derived from hoth span ad-
vantage and the lower price of aluminum conductors.

Many technical developments and improvements through the
yeers, suéh,as ﬁompreﬁsion type joints and dead-ends..an impressive
agsortment of reliable accessories and the solutiop to fatigue break-
aéo of conductor strands, have contributed {n a major way to the
economic dominance of aluminum conductors in the transmission

and primary distribution fields. In recent years the introduc-

tion of higher operating voltages has required cables of larger

diameters. The field has been a "natural" for ACSR in either the

expanded form with impregnated peper fillers or in the multi-
layer design, Aluminum conductors in secondary distribution,
in the field of open and enclosed busses, in reactors, in building

wiring and communication cable are all active uses,

2o
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EC aluminum which means electrical conductor grade aluminum,
has a minimum purity of 99.45%, has a conductivity equal to & mini-
wum of 61% of the 1ntern;tiongl Aﬁnealed Copper Standard, It is
apparent fhat for equivalaent resistances! aluminum éonductdrs
must have a cross-sectional area 62% greater than annesled copper
wire, and 599 greatér then hard-drawn copper as used for overhead
lines. Because of the differences in specific gravity of the two
metals, however, the aliminum conductor will weigh only about half
Ias mich ;ﬁ a copper conductor for equivalent lengths, Therefo;e,
a pound‘of copper will make a #8 wire 20 feet long, while a pound
of aluminum will make a #6 wire 41 feet long and these two wires
will have the same resistance per foot, The resistances of hard
drawn coppeér and aluminum are two AWG gauge members mpart; that
is, a #12 wire in aluminum is equivalent to a #14 in copper,

The tensile strength of EC aluminum depends upon‘tha amount
of cold work to which the material has been subjected, and the
selection of the proper temper is dependent to a large qxtent upon
the service of the conductor, Most multi-strand cable is manutac;
tured from ASTM Spec. EC-H 19 material having a tensile strength
from 25,000 to 3,000 psi, depending upon the size, Intermediate
tempers, such as EC-H168 or EC-H26 are available where higher flexi-
bility and wp;kability are problems, In general, aluminum insu-

lated wire, either stranded or solid, from #8 and smaller utilizes
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one of these intermediate tempers so that the tensile properties

will be in:the range from 17,000 to 22,000 psi, These intermediate
tempers were chosen so that aluminum would be more nearly comparable
to flexibility to annealed copper wire of ;quivalent cﬁrrent carrying
capacities, 1In o£her words, aluminum #12 solid wire employing

EC-1126 or EC-H16 temper will have approxiﬁately the same breaking

strength as a #14 wire fabriceted from annealed copper,

Covered and Insulated Conductors

The use of covered cable for power and feeder circuits goés
back to 1805 when & 1,500,000 CM cable was installed in one of'the
Aluminum Company ;f America piants. It is st11l in operation on
400 volts. About 1918 a large installation of covered cable was
made in which there was some 1700 aluminum to alﬁminum soldered
connectionsa,

In the .errly period of its manufacture, covered aluminum con-
~duetor was often used as insulated conductor, although installa-
tion value of the covering was minimum, Today covered conductor
ie a major aluminum conductor product with ever;growing quantities

in use as distribution, service and drop cable.

Connectors
The choice of aluminum for insulated power and feeder cable

came when the favorable price advantage of aluminum over copper
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made its choice almost mandatory, Problems of connecting and tarm;—
nating which had been so successfully solved in the use of aluminum
!of overhead conduqtor work could not be applied to insulated cable
in éll cages, The size of fittings and splicing sleeves and connec-
tors of all types had to be acaled-down beceruge of span limitation,
It haslbean necessary to study this entire field of connectability.
wifh the idea of producin# efficient means of terminating insulated

cable and at the same time consume the smallest amount of space.

Conductor Materiale

The most important material is copper because of 1ts high:
conductivity and great tensile strength, Aluminum is used to a
large extent, especially with ateel core, for high véltage lines,
Among the other materials used are copperweld, cadmium, copper,
phosphor bronze, galvanized steel, The cholce of material depends
ﬁpon the cost, the required electrical and mechanical propeftieé
and on local conditiona, The c?nductivities of copper and alumi-
num are decreased greatly‘by very small quantities of impurities:
their alloys, with the exception of cadmium copper, have toc low a
conductivity to be used. For this reason composite condgctors are

used, which consist of pure copper or aluminum with a galvanized

steel core for mechanicel strength,
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Copper
Hard-drawn copper has a high conductivity and a great tensile
strength; cold working decreases conductivity slightly but increases
the strength considerably. Within the range of 20 to 30 tons ﬁer
1nch2 tengile strength, the conductivity is lovered by T/10 percent
where T 18 the tensile strength in tons per inch2; thus at 20 tons

the conductivity 41s 98 percent, at 30 it i1s 97 percent,

Cadnium Copper

An addition of ebout 1 percent of cadmium increases tyg tensile
strength 30 percent and reduces the conductivity by 15 percent only.
The effects of the cold working are the same as for pure copper,
Thus 0.2% cadmium produces an alloy of tensile strength 45 tons
per 1nch2, 85 percent conductivity, with the same modulus of elas-
ticity and co-efficient of linear expansicn as for copper.. Cadium
coppef is relatively expensive, and is most useful for long spans

with & line of small croas-section,

Steel-Cored Aluminum
éteel-cored aluminum conductors have a core of galvanized gteel
strandes and a layer or layers of aluminum wires outside, Usually
the aluminum and steel wires are of the same diameter. There may
be one wire of steel surrounded by six wires of aluminum, or seven
of steel by twelve or thirty of aluminum, 'There are many types of

such conductors,



The conductiﬁity of the steel-cored aiuminum conductor 1is
taken as thai of the aluminum portion alone, since the steel wires
have high resistance to alternating currents,

The strength is taken as 85 percent of the sum of the steel
wires plus 95 percent of the sum of the strength of the aluminum
wires. The fgctors 85 percent‘and 95 peraent allow for the
egranding.

The totalrstrength of a steel-cored aluminum conductor is
normally S0 percent greater than that of the equ#valent copper
conductor, and the weight only three-quarters as much (one half due
to aluminum and a quarter to steel), It is claimed that the result
ie & conductor with a smaller ratio of loading to strength than N
any other conductor, QQen ellowing for tﬁe increased wind and ice
load due to the increased diameter as compared with that of the
equivalent copper conductor, The seg is therefore the least so
that the supporting towers may be shofter. or thé apan length
greater fo; a given saeg, thgn for any other conductor, The larger

diameter is useful in very high voltaege lines, as the corona losses

are then less,
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VII VOLTAGE CONTROL, POWER FACTOR conﬁch:ons
AND USE OF DWIGHT CHART
Importance of Voltage Control

Ope of the most troublesome features assoclated with the oper-
ation of overhead transmission systems is the inherent variation
of voltage at the receiving end, due to changes in the load. The
fluctuations of voltege must be prevented from reaching the dis-
tributing network for the following reasons.

1. 1In the case of lighfing logd, the lamp characterisfics
are very sensitive to changes of voltage, For example, & 8%
decrease in the applied voltage reaults';n a decrease of ;5-20% in
the 1lluminating power of metallio-filament lamps. Oﬁ the other
hand, 1f the voltage 18 5% above the correct value, the lamps
deteriorate at a rapid rate, their life being shortenéd by about
60% |

2, When a power load consisting mainly of induction motors
is supplied, rather larger variations ﬁay be permitted than on a
lighting circuit, gnd 1p ordef to take ndvant;;e of thig}{? is
customafy to supply power loads and lighting loads from two gis*
tinet local circuits. Even in this case, hovever, ;t is digtinctly
undesirable to bave more than a small percentage voltage varigtion.
'For, {f the voltage is above normal, the motor operates with a

saturated magnetic circuit, with consequent large magnetizing

a9
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current and heating and lower power factor. If the voltage, on

the other hand, is low, itz effect is to very considerably reduce

both the starting torque and pullout torque.

3. If the exciting voltage impressed on the distributing
tranaformers is carried above normal, the exciting currents and
core losses begin to increase rapidly, and excessive heating 1is
thereby occasioned. Also, due to saturation of the iren, very
prominent third harmonics are introduced either in the voltage

or current,

Economics of Secondary Capacitors

There are many benefits to be gained from the application
of shunt capacitors to distribution circuits, Most of the bene-
fits are made posasible by that quality of the capacitor which in
effect reduces the magnitude o;‘the line current in a circuit
having a lagging power-factor load., A capacitor will draw a
current which leads the impressed circuit voltage by 90 degrees.
| This leading current can be provided to cancel part or all of the
magnetizing current which lags the impressed circuit voltage by
90 degrees, Thus ;hile the in phase component of the line_currént
remains essentially constant, the magnitﬁde of the'resultant line
current i1s reduced.

The reduction in line current lowers the thermal loading on

" all series-circuit components, such as conductors, transformers,
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regulators, circuit breakers, etc. and theraeby permits the addition’

of more revenue-producing load

on the circuit, 1f an overload condi-

~ tion exists in these circuit components, shunt capacitors may be

applied to reduce the thermel loading to a tolerable level.

In some cases, the voltage drop to the end of a circuit may be

high enough to cause trouble at the consumer's utilization devices,

In other cases, the voltage drop may prohibit the addition of more

load in order to avoid these consumer problems. Shunt capacitors

can be used to raise the voltege level to & practical operating

value and thus alleviate these

jow-voltage problems.

fh general there are two ways to describe a shunt capacitor.

First of all, since & capacitor draws & leading current, it may

be considered BE &8 leading load. with this concept, the voltage

at a capacitor installation may be considered as & resclution of

a voltage rise and & voltage drop; the rige being due to the lead-

ing current flowing through the series reactances of the circult,

and the drop due to the lagging current flowing through these

game reactances.

_The other description, the one which is becoming more widely

accepted, is that a shunt capa

citor is a generator of lagging

kilovars. In this respect, capacltors do the same ‘job as over-

excited synchronous condensers, in that they supply the lagging

P
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kilovars close to the loads and reducé kilovar demand on the source.

Capacitors offer the advantages of being available in relatively small

T AL R T R

kilovar ratings, being more easlly moved to meet changing system condi-

tiona, and having lower operating losses,

Comparison of Secondary and Primary Capacitors

The installation of shunt capacitors on a circuit is justified
by the revenue-producing load that can be added to thé circu}t as
a direct result of the capacitor application. Improving power
factor, raiging circuit voltage.'and reducing line current are
benefits that are obtained in the process of ;ncreasing load with
capacitors,

The problem then becomes one of determining where and how
these capacitors are to be applied, This problem involves not only
the questions of whether they are to be in large banks as distributed,
fixed or switched, but the question Qf whether théy should be applied
at primary voltage or secondary yoltage. If it 1s determined that
part of the capacitors should be switched, they will be pecessarily
primary capaqitors,zinasmuch as it is impractical to switch secondary
capacitors,

The secondgry.capacitor has a very distinet advantage over the
primary capacitor in that it releasea load capacity in the distri-
* bution transformers. If a given kilovar of capacitors were installed

on the secondary of a feeder circuit, load capacity is released in

[
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in the primary feeder as before, But since tﬁe loading of ;ge dis-
trihut;on.transformers has not been reduced more distribution trans-
former capacity mgst be added in order to utilize released capacity
of the primary feeder,

Tﬁere-are other advantages of theebecondary capacitor over the
ffima?y capacitor, However, they are small when compared to the
released capacity in the distribution transformers, Some of these
increased benefits given by secondary capacitors are: reduced losses
in}the distribution transformer, reduced losses in that ﬁart of the
secondary between the transformer and the capacitor, slightly in-
creased revenue due to a higﬁer voltage at the consumers watt-hour
meter, and released capacity in the secondary conductors between
the capacitor and the1distr1bution transformer,

Although the capaéitor is limited in its functional use only
to 1ts =2bllity to generate a wattless kva, its Jﬁstification nay
be use§ on any one or éombination of the foliowing:

1. Reduction in kva or loading of the distributiop facilities,
or expressed conversely, increasing the capacity of facilities.?

2, Reduction in voltage regulation,

3, Increasing the emergency ability of the system (or &

part of the system),

73



."\_

- e - - R i -

4, Increasing generation by releasing ampere capacity in the

- generator to fully utilize the prime mover's capacity.

Power Factor Correction & Increase
In Load Capacity

Fig. 20
Assuming a lagging load, such as the one represented by the
unif Vector L at an angle p in Tig. 20, the addition of a given
kiiovar of shunt capacitor oﬁ the circuit will reduce the lagging
component of unit vector L by a quantity represented by the vactor
J. Vector C at angle is the vector sum of L and J, or the resultant
load. Frém the diag;am it can be seen that the magnitude of C is
less than unity, To utilize the relemsed capacity of ghe clrcuitm
it has been assumed that the load will be added at the initial
power factor angle B until a unit load bf M at some new angle. is
obtained, This load addition ;s reprasentad by Vector D,

For any given initial power factor angle B and a correction to

any given power factor angle, , the ratioc of the magnitudé D and

e
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. J can be calculated, This ratio of kilovolt-ampere of load caﬁacity

released for load at the initial power angle B for each kilovar of

shunt capacitors hdded.

Graphical Solution (0Of Voltage Drop Calculation)
By Dwight Chart '

Mr, H. B. Dwight has worked up a straight line chart shown
as chart 1 &nd II (see appendix) in which the resistance and the

reactance of the circuit have been taken'iﬁto account through the

v

~ medium of spacing lines marked for various conductors, The use

of th;s cﬁart does not, therefore, require the calculation of the
resistance and reactancé or the use of tables of such constﬁnds.
The Dwight Chart is equally good Fo loads of leading and lagging
ﬁower factor, Another feature of this ;hart is that formulas are

gEiven which take capacitance effect into account with sufficient

accuracy for circuits with a iength up to approximately 100 miles.

ety
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use it instead of the conductor-size marking.

Anaconda Wire & Cable Company

77

YOLTAGE
REGULATION

DWIGHT
CHART

ACSR
CONDUCTORS

ALL-
ALUMINUM
CONOUGTORS



Conclusions

The study of distribution pr;cticaa in America has shown the
author thet no one achem& is the best fo? all problems and he now
realizes that each local area to be served in Pakistan should be
viewed as a new problem, With established -Americax‘l tiee Pakistani
engineers will be utiliging American mandfaetured electrical équip-
ment, consequently expansions to e#iating distribution systems should
be planned for economical use of available standard voltage equip-
ment,

Although not mentioned 1n‘deta11 in gtudies made, =ound thought
should be given to the manufacture of pre-stressed concrete poles
in Pakistan for overhead distribution systems,

In addition to the studies made, the author has had the oppor-
tupity of acquiring detailed plans and specifications of good engi-
neering installation practices for distribution systems, which should
prove of great value in system layout. é

For special problems of lines serving definite loads at avail- |
able voltages, he believes it will be advantageous to instruct his
engineering students and associates in the use of the-"Dwight Chart"
for rapid and accurate calculations, : d

To solve the problems which will face Pakistan in the distri-
bution of electrical energy, the training of engineers is perhaps

the most important need of the country, Perhaps devoticn of the
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author's 1ife to the broad training of many young men in the fleld
of electrical engineering may do more good for the over-all distri- -
butign problem than devoting time.and effort to the ;olution of &
particular system problenm, It' ig to the training of these men that

material gsuch as has been presented will be of great value,
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TABLE I LISTS OF CIRCUIT RATING AND
IMPEDANCES FOR THE COMMON SIZES

OF AERIAL SECONDARY CABLES

TABLE 1 AERIAL CABLE
CHARACTERISTICS, 3-PHASE SECONDARY
COND, CIRCUIT CIRCUIT SPECIAL . ULTIMATE B80F SAG
S1ZE RAT ING IMP, COPPERWELD STRENGTH IN 100 FT
' MESSENGER 18 SPAN
AP, K.V .A,
e ety
No, 4/0 245 92 . . 7.685% No.- 1/0 Equiv 14,490 0.93 Ft
Type K
350 NCM 333 125 5,429 No. 4/0 Equiv 15,840 1.39 Ft
' ‘Type G
500 MCM 408 153 4,489 250 MCM Equiv 17,840 - 1.65 Ft

Type EK

3-1/c 600V, Heavy Neoprene Jacket
Maximum Conductor Temp,--75° ¢
Maximum Ambient Temp,----40° C

Impedance On 500 KVA Base, 218V, 100 Ft, Lengths

S
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TABLE II CHARACTERISTICS OF TYPICAL THREE CONDUCTOR RUBBER INSULATED

NEOPRENE SHEATHED 5KV

Insulation Thickness 10/64 (Inches)

GROUNDED NEUTRAL AERIAL CADLE

COND, SHEATH MESSEN-  ULTIMATE APPROX, 125 FT RESULT, SAG COND, REAC. CURRENT
SIZE TRICKNESS GER SIZE STRENGTH TOTAL WT.  SPAN HEAVY LOADING RESIST. TO CARRYING
(B&S) (INCHES) ' (B&S) " (LB) LB/FT FINAL SAG  (INCHES “75° C NEUTRAL CAP, PER
60° F 80 C/S 60 C/S  CONDUCTOR
- - ( INCHES ) Ohms/Mile /M 50° C AMPS
8 4/64 7/No, 10 7121 1.01 14 23 0.50 0,050 7]
4 4/64 7/No. 10 7121 1.22 16 25 0,32 0,048 85
2 4/64 7/No., 10 7121 1.53 20 28 0.20 0,043 116
1 41/64 T T/ MNo. 9 8816 1,80 20 26 0.18 0,041 133
1/0 5/64 " 7/No. 8 10460 2,25 20 26 0,13 0,040 158
2/0 5/64 7 7/No, 7 12670 2.64 20 24 0.10 0.039 182
3/0 5/64 19/No, 10 '18350 3.20 16 19 0,080 0,038 218
4/0 5/64 "7 "'1g/Neo, 9 23390 3,83 15 18 0,080 0,038 244
L SN T
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TABLE III FIXED COSTS OF CVERHEAD SERVICES

82

2488 /460V 285

System Service # of Conduc- Installed Installed Total
Secondary Volts Conduc- tor size Cost of Cost of
Voltage tors AW.G.# Conduc- Auto
tors Trans-
. Formers
120/240V 120/240V 3 8 $22,80 $22,80
120/240V  ~  120/240V 3 4 $45,60 $45,60
120/208v -120/208YV 3 8 $22,80 $22,80
120/208v 120/208V 3 4 $45.60 . $45,60
240/980V 240 2 8 $15,20 $28,00 $43.20
240/480V 240 2 4 $30.40 $28,00 $58.40
© 285/460V 285 2 8 $15,20 $28,00 $43,20
2 4 $30,40 $28,00 $58,40
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TABLE 1V OVERHEAD DISTRIBUTION SYSTEM COSTS, DOLLARS PER HOUSE

Load Density Per House.

7 1,8 KVA 2.5 KVA
A B C D E A B C D E

Service 22.80 22,80 22,80 .43.20 43,20 22,80 22,80 22,80 43 .20 43,20
Cost
Dist, 33,33 131,00 203,00 37,21 21,11 44,42 143,00 218,00 42,21 32,56
Trans;
formers
Secondary 16,48 16,87 50,80 16,486 le,87 50,80
Mains -
Sec. Mailns 43,27 59,80 53.8b 57.70
& Trunks
Primary 37,00 38,71 41,55 8.10 4,57 43,45 40,21 42,05 8,90 8,54
Feeders
Substa- 40.00 62.50
tions.
Voltage . )
Regulators 8,00 8,00 8,00 8,00 13.20 13.20 13,20 13,20
TOTAL _ 149,868 218,38 326,15 139,78 136,68 189,83 236,08 344,85 181.31 155,20
A = Secondary Voltage 120/240 volts, 1l-phese; primary voltage 4 RV
B = Secondary Voltage 120/240 volts, 1l-phase; primary voltage 34 ,5RV
C = Secondary Voltage 120/208 volts, 3-phase; primary voltage 34,5 KV
D = -Secondary Voltage 240/480 volts, 1l-phase; primary voltage 34.5 KV
E = Secondary Voltage 265/480 volts, 3-phase; primary voltage 34.5 Kv

g8



TABLE V OVERHEAD DISTRIBUTION SYSTEM COSTS, DOLLARS PER HOUSE

Load Density KVA Per House

vl

e T

-

.
e

5 KVA 10 KVA
A B C D E A B C D E

Service 45,860 45,60 45,860 58.40 58.40 45,60 45,60 45,80 58.40 58,40
Cost
Dist, 84,60 171,00 248,90 57.01 52,31 140,00 201,00 396,00 118,02 106,73
Trans-
formers .
Secondary 24.47 22,85 60,70 31.60 34.20
Mains
Sec,. Mains 67.80 85,60 81,10 53.80
& Trunks
Primary 60.53 . 44 .74 44,47 13,10 13,10 68,14 51,30 57 .80 22,80 26,50
Fegders
Substa- 125,00 ~ 250,00
tions
Voltage 15,30 15,30 15,30  15.30 23,00 23,00 23,00 23.00
Regula-
tors
TOTAL 340,20 299,59 416,97 211,61 204,71 503,74 352,50 566,60 303,32 268,43
A = Secondary Voltage 120/240 volts, l-phase; primary voltage 4 Ky
B = Secondary Voltage 120/240 volts, l-phase; primary voltage 34.5 KV
C =  Secondary Voltage 120/208 volts, 3-phase; primary voltage 34,5 KV
D = Secondary Voltage 240/480 volts, l-phase; primary voltage 34.5 KV
E = Secondary Voltage 265/480 volts, 3-phase; primary voltage 34.5 KV

147



TABLE V1 UNDERGROUND DISTRIBUTION SYSTEM COSTS, DOLLARS PER HOUSE
! LOAD DENSITY, KVA PER HOUSE

5 KVA . 10 KVA
A B [ D A B c D

Service 92.85 92.85 100,05 100,05 82,85 92,85 100,05 100,00
Cost
Distri- 105,00 182,00 58,01 - 43,87 236,25 241.00 80.01 72,90
bution i . ‘
Trans-
formers
Secondary 30.60 29,80 49,05
Mains -
Secondary Mains 129,86 105,48 197,47 152,66
& Trunks
Primary 93,52 101,07 4] .45 40,52 121,99 126,77 75,95 75.95
Feeders
Substa- 125,00 250,00
tions
Voltage 15,30 15,30 15.30 23,00 23,00 23.00
Regulator ' g
TOTAL 446 97 421,75 344,67 305.22' ‘691.09 532,67 476,48 7424.56
A = Secondary Voltage 120/240 volts l-phase; Primary Voltage 4 KV
B = Secondary Voltage 120/240 volts l-phase; Primary Voltage 34.5 RV
C = Secondary Voltage 240/480 volts l1-phase; Primary Voltage 34.5 Kv
D = Secondary Voltage 265/480 volts 3-phase; Primary Voltage 34.5 RV

b

g8



TABLE VII _UNDERGROUND DISTRIBUTUON SYSTEM COSTS, DOLLARS PER HOUSE

Load Density, KVA Per House

Primary Voltage 34,5 KV

1.8 EVA 2,5 KVA
A C D A B C
Service c 88,27 68,27 86,12 86.12‘ 68,27 68,27 86.12 - 88,12
Cost
pistribu- . 55,75 89.00 23,07 21,07 59,18 113,50 42,15 28,31
tion Trans- -
formers
Secondary 28.88 45,30 45,30 45,30
Mains
Secondary 87,85 62,91 77.10 71.70
Mains & ’
Trunks ’
Primary . ‘50.76 81,18 22,68 22.66 64,41 82,58 24,71 21,79
Feeders '
Substa- 82,50 ’
tions
Voltage 8,00 8,00 8,00 13,20, 13.20 13.20
Regulator ' C
TOTAL 243,66 201,75 -207,70 200,76 209,66 322,85 243,28 221,21
Do o L ¢ o

A = Secondary Voltage 120/240 Volts 1l-phase; Primary Voltage 4 KV — ——
B = Secondérﬁ'Voltage 120/240 Volts l-phase; Primary Voltage 34.5 KV
€ -=- SecOrndary Voltage 240/480 Volts l-phase; Primary Voltage 34,5 KV
D = Secondary Voltage 285/480 Volts 3-phase; 5 e



(a) Typical 00° Angle Pole (Three Phase Four Wire Distribution)

(b) Typical Pole Mounted Single Transformer (Street Lighting
and 3-Phase Distribution), .
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(c) Typieal Poles Line Construction In A 3-Phase 4-Wire
Distribution Line, :

(4) Typical End Pole Mounting of Three Transformers. (3 ~-Phase
Primary and Secondary Distribution),
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(e) Typical plateform mounted transformer substation using
three transformers for power load and one transformer

for auxilliary power (3-phase distribution)
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(£) Typical 3-phase Capacitor Bank for Power Factor Correotion .
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(h) Typieal Transformer Swstation on Single Phase Diatriﬁgtiop Line,
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