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RURAL POWER SUPPLY, ESPECIALLY IN BACK
COUNTRY AREAS.

By Liovp Manpeno, B.E, MIEE.

(Member)
Swnmary.
s now widely recognised, that the interests of the
hole community will be ved if, so far as is cconomically

sossle, i amerites B e ownare extonded into country

Rural Power Supply practice has evolved from what
originally was standardised for urban distribution. But it is
contended that fo rther evolution of method is still required

& the maximum extension of the service into back areas
s pus&\h

Some statistcs are given for the extent of the rural

lnpp‘y T overseas countrics, and reference to developments

DB A inder stimelus of the R.EA. is made. Correspond-
Ing hgures for NZ. Power Boards operating in sparsely
Settied arens are given and an enguiry made as to the extent
of the load remaining (o be picked up A fll and sitable
survey of unreficulated o advocated, so that the p
bt tackled comprehensivly

Modification of standard methods to suit back country
work are discussed and a description is given of the system
N istribution i the Tauranga and Bay of Islands Power
Districts.

e operating advantages of (e single wire LT, Barth
Return system are “and also the terms of the
Sation from the Sovistons of the 1935 Supply Regulaons
use.
jous technical considerations are discussed, including
apemm\g e eanth conneetion, location and construction of
Tincs, also mechanical pole erecting plant.

“The use of condensers connected in serics on the carthed
side of HL.T. Spur circuits is explained and interesting bene-
it in the form of high specd pressure Tegulation power factor
correction s show

pasi for_estimation of rural loadings is glven and
some comparative construe osts of single and three
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The paper is subdivided as follows:—

Supply Overseas,
USA.

Comparison with New Zealand costs.
orks remaining to be done in New Zealand
Lupmg with the problem —
(@)
(b) Finance.
() Cost of bulk power.
40 Dt nd cperaton
(@) sy of Supy
T T s
“m 3) The Bay of Taiands Sy
Advoages of T Tooimed Earth Return System,
Authority for the System. Ei
Experience in Bay of Islan
Operating Voltage on Spur s,

tribution Transformers and their protection
Lishtrmg Brotostion. !

Motors

I’nm’\: on Location and Construction of Distribution

Pl Handing E
Use of fz;—mn;—ml o e

xample of Reticulation Costs using Earth Retarn.
Raral Distict Power Demands. e s 3
General Comments on Rural Line Conductors,

Tmpedance of Steel Conductors—Solid and Strandes
B e rhnte oF S Condaiary uraten
Particulars_of Rural Conductors with Table.

A Survey Hint.

Conclusion.
Koo Introduction
ough the carlest pablic dléctricity supplies in New
Zealand operated with liernating currents, ostof them
thirty years ago were D.C, the distribution range of which
was very limited. It was the same, of c
unri

 power supply industry the electric service was generall
ze’g‘ldc(\;\( D omicarly possible only 16 urban or ndustrial
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Furliermore, in contrast with lamen, pover supply
engincers had, by long contact with the problems of exten-
Sion, developed a more or less subconscious, andin some
chses exaggerated appreciation of the difficulties of extend-
ing their Service outside town limits. So it is of interest
now for engincers to recall the re-adjustment in ideas which
had to take place in the months or years following the pass-
ing of the Electric Power Boards Act. By that time the
wide variety of purposes for  which, electrcity could be
appled fn the home had been demonstested fn some {owns
where A hydro supply was sualable s in Dunedin, Christ-
hurch, New Plymouth and Whangarei and at Tauranga, in
yhich fown, dlectic water beatng | besides cleetric cooking

became established in general popularity
This development tended to a:ccnl\m:c the advantages
held by the town dweller over the country resident. But in
this Dominion it can hardly be Seriously sapted that our
cconomy depends in a unique degree on the prosperity of

S ol inchttes.” Conrespondingly it had bean fecogmise
that the provison of atractive condiions of life in rural

areas is desirable so as to slow down the townward drift.
Cood reads, motor transport, extending educational facili-
tie, raral €lephones and battéry operated radios have helped

jwards this end, but given all these things there is yet
dnsmclmauon for' most New Zealand households to_remain,
to settle, in districts where power supply is not

astable.
 first attempts at the reticulation of purely rural dis-
ricts wer, so far s the writer is aware, made as follows :—

Table 1.—Early Rural Extensions.
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General extension of these pioncering efforts in rural
dlectrifcation pents ed difficultics. The relatively large
of ‘capital xequired to cover their adjacent rural
e o v Ol S the municipalitcs, most of which
Were by this time operating thel
Tmpetug o rure] electribeation was given by the passing in
918 of the Llectric Power Boards Act, which provided
Toachigtey for {he merging. of e clockéal interkars and
financial responmbxhlv of adjoining urban and rural disticts
By July, 1920, six Power Disiricts in the North Island
e e Sonihs hd been somaituted d_ by March
four Power Boards had commenced power supply in
emall way. By March, 104, the proportion of the cleclric
supply industry conducted by Power Boards in the Dominion
is indicated by the following figures:—

Table 1.—Proportion of Distribution controlled by
2owwer Boards.

Pover | ot for
Boante | ™%
Number of Consumers. 262, 05305
Row Miks of Line S| | e
Enigy il 1y D Avihoris
Caial Ontlag. (Milons o¢ £ Enang 2 &
23 million £5 by the Statc) > 150 ‘ =

Whilst Pawer Boards were constituted primarily to
secure reticulation of rural areas, their consumers of course
comprise_both rural and urban residents. Thus the above

in New Zealand, n help to say that, o
population of the Sominon, 57% 1o Jrtiudit ia Hesmsed
areas of s, the writer is aware no attempt

¢ been made to estimate the total number of farms
Sapphed with electricity and the total which are not so sup-
plied. In the writer’s opinion it is high time that such a
survey should be made.

Rural Electric Supply Overseas.

xtent of the penctration of power lines into rural

areas i many oferecke kel 1 possibly ot sufficientl

realised. Ten yea s reporid, that approximately
o5 o1 The o i Hoiad St s Comtny, Mranes
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and Denmark were supplied, and 75% in Sweden.  In Carada
the Ontario Power Commission claims to have connected up
5 o s within® the. popalated portions of tht
Province and has just announced a programme to raise this
percentage to 85%. In US.A. the most spectacular develop-
Inents are occurring under the stimulus of President Roose-
velt's Rural_Electrification Act of 1036. Under this Act an
Administrat
from the American Treasury
farmers and others at an interest rate originally of 3% (and
now about 29) * for the purpose of financing the onstruc-
Tow et operton of generating plants, electic transmission
and distribution lines for the purpose of furnishing clectric
supply to persons in rural areas, who are not receiving cen-
o Sation:semvieer Ty the middie of 1042, the Adrinis-
tration

O] A(\v'\nced 460 million dollars (9% of which was for

construction of small generating plants
®) Hw  fnanced the co omstruction of 363000 miles of
ead lin, divided amongst 759 undertalings
(c) These wire Sipplying 3 1o of 581000 consumers.
(d) Under its encouragements the mumber of electrified
farms in U.S.A. has grown from 743954 in 1934 to
2,026,150 in

In 1042 approximately 4,000,000 farms remained unelec-

trified,but o programme Fas recently been announced involv-
‘expenditure of astronomical sums for the purpose of

~ub=mnlm“y cancelling out this unclectrified four millon.
Power supply reticulation of the more sparsely settlod areas
o tha DEIY Sopears in the main, ¢ be. controlied by regu
larly constituted Co- -operative Assdeiatons of armers. These
Associations purchase their power in bulk from Power
panies, Municipalites or Government owned plants, whilse
in many cases they generate their own power.

Rural Costs in US4
Strik ¢ been made i reduction of seton-
Jation costs-and it 3o climed that he overall cost of reticu-
Iation has been reduced from appro\\m'\m\v 1600 dollars per
mile in 1035 to less than 800 dollars in 1940. This figure
ncludes cons of transformers, services and meters and al
querhead costs.. The average cost of single phase work, on
the same basis, is gven as G20 dolars per wile
average price K power parchased by REA. Systems
vas 3155 s per unit and.the average price per i
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sumers in 1041 was 42 cents per unit whilt the average
revenue per ammum per mile of line was only 108 dollars.
Having regacd to New Zealand statistics the remarkable fea

tare of thise Aweriead fgures 1o, the low density of con.
sumers per mile of line which, on all the REA. financed
iR Ut e oIS I 25

Comparison with New Zealand Rural Costs.
shall do well to contrast these statistics with our

performances up o date. In New Zesland amongst the 4t
cperiing ones boteis the Wcragd 4 15] oy o
i, anty shx are below 5 and the lowest is 3% per il

The average outlsy otr male is approximately £oo per mile
overall. Even those Boards which show lowest cost per mile
still show costs in excess of the abovementioned figures from
America. Further it wi
that the rate of usage in individual rural homes is much
greater in New Zealand than in US.A. and in this respect
we are fortunate.

The details of those boards showing lowest costs of con-
struction taken from the 1944 Public Works Statements, are
shown in Table

i

h “overall cost per mile are
course not strictly comparsble with each other, being largely
by variations in the rates of labour'and materials
prevailing 24 the truction, also on the relative
amounts of capital empended in depots and buildings, etc. Also
undertakings below a certain optimum size “annual costs
o e ¢ to some extent dependent on the anmual
turnover and on the compactness or otl ower
District concerned. But these figures show that New Zea-
landers have no justification for he degree of complacency
frequently met with s to the complsteness of elctrifcation
of our countey dstrcts, instanced for example by the oft-
repeated _statement_that  “New Zebat Seoty R thcitics
have made electricity available of our pcpu]atmn a
e mvhich dmot Ve PREroe J/arhine n sl oA

Wark Rendining to be Done in Now Zeclan,
uch a statement as that just quoted, it may be
concluded that only 3% of ous people Femain without cleetric
supply in their homes, but of course, there is no justification
overdue when
what the true
ning unconnected will be

figures are. Most of those rem;




Power Boards_showing lowest
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er mile of Distribution.

overall capital outlay pe

3 ‘ farmers. Although as stated, it is not known what number
228 | pogen af farmers’ homes are connected, it is of interest to consider
A2z |gagEess tal number which are available for connection,

B New Zeatand Year Book of 103, sels out the total mumber
B | — of holdings in the Dominion as follow:
3z |
932 | egss842
i | Ad gaq | Table IV—Total Land Holdings in New Zealand,
& i
= - Class of Holding Vumber of Hotdings,
5 103335
225 |g94muae
S5 ERRbEE S Dalr\'hm\ -
Rag ixed d’my%vg ‘and sheep farming.
Shepiaraiig
5% ved Agricuitural and sheepfzx ming
SEs |eanzss | encral Mixed farm
2g% [RIBEESE Fruit-growin ks
22 Market gardening -
S | i g
EE] | or cncs ond Sesd gau\:ns
I P Timber-growing = 13t
2. |$HEEIeS Flocgrowing S 25
S8 Tdle and Un: - 2050
Ot aad et . 1 6316
Toal . B
I 3044 the total number of holdings had increased only
o 8157 and the above table therefore represents present
ettt wih essanuble pocuracy, OF the goovs categorien
it may be taken for granted that Do seprearar sitiatio
| will Te highest a arming districts. Thi
denced by the following fgures, T 1044 there were 66
holdings. poving on them Sows In il and of these 35832
had herds of 10 or more cows. In 1036 the number of milk-
ing machines in use was shown a5 18545, whils in 1944 the
figures had increased to 31,08
Bt we must be further off toof satuation i the other
categories of farming. Thig is suggested by the following
statisties of machinery on New Zealand farms taken fro
the 1944 report of Agvicultural and Pastoral Production
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Table 1Va—Motive Power Plant on N.Z. Farms:

o .
Agricultural Tractors L1396y 27n08y
Qtter internal Combustion Engines . 23882 72252
Rotary Hoe: o - 813 4754
Total Milking Piants TSy &
Machine Shearing Plants . Tusss -
Threshing Machines 1120 —
Electric. Motors 65,699 66435

Cream Separator

The returns stll show a greater ggregate HLP. of
smunnzxy oil engines than electric motors on our farms.
Apparently nearly one-half of the 24,000 engines may be
driving shearing machines. As there are in the Dominion
32,250 flocks of sheep over 200 in size, it is apparent that as
yet slctric power supply bas ot pehetrated very for into
those_pastoral areas, whence still comes say, one-thir
New Zealand's ‘cxport. production. S, without detracting
from achievements of the Power Boards in the past, it would
appear desirable and_ necessary ihat the problem 'of Rural
Refclaion be aljeed 3o it pombls looked upon from
a new standpoint, if New Zealanders do not want to be out-
distanced in_the matter of carrying the benefits of power
supply to their out-back settlers.

Coping with the Problen

oint out that the problem is not a

s|mplc e but ratlier that. manty sossidsrations; htee fnin
it. The answers will include :—

(@) The orgarising of afull survey of the remaining

) Fravsion o Aequiate Capitsl and suffciently low
nterest

) Reduced Costs of Bulk Power,

) The ng of supply and methods of construction

M el i
sumer supplie

(©) By similar methods to develop durable and relsble
methods of design and construction whereby oper-
Sting. and maintcaance, coats are. minimise

() The removal of impediments against attainment of
the above objectives such as, for instance, modifica-
tion of Supply Regutations, removal of Sales
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(a) Survey of Unreticulated Areas:

cfore the problem can be comprehensively dealt with,
the need for a proper survey is apparent. This should include
the number, Tocation and load requirements for each of the un-
connected homesteads together with the mileage of line required
for connection to existing reticulation systems or possibly to
small local hydro stations.

(0) Finance of Bock Country Retclation:

subject s now receiving the active consideration of
Fower Boards and 4 scheme is mooted whereby a Fund, to
be administered by & specially constituted Board, il fockive
contributions from Supply Authorities, and from the Hydro
Electric Branch of the Public Works Department, calculated
at the rate of 19 of their gross revenue, These contributions
may be utilised o pay annial charges on a central loan fund
from which disbursements will be made wherewith to assist
pural boards to penetrate into arcas which, on heir own, will

15 years ahead, remain unccoriomic fo reticulate
Tn.. seherae. s been-cai nadequate for a proper

£ the problem, and it may b e such idea
s that chich ie the basis of REA, opcmhon: in the States
might with advantage be adopted here. The proposals of

the supply authorities are, owever, evidence o
desire by presentatives of urban consumers to assist
e e o (huse 3t preseat without i, and if
further developed, al the adoption of modified e
neering methods, e Fae Lianls kar e e o which,
it bas been formulated.

(¢) Cost of Bulk Power:
The cost of bulk power to Power Boards amounted in
1944 to approximately 46% of their revente from sale of
ower.  Almost the whole supply s purchased from the
T et s e s

apparent Bulk Power costs sre rapidly assuming @ marked
prominence in the revenue accounts of the 5. We are,
Rowever, primarily interested at the moment i back country
work, and in this case capital charges on reticulation enter
more’ prominently into the cost of delivering encrgy to the
evertheless the beneficial effect of Tow bull
consideration of the fact that

per mile of line, yet shows “ total costs per unit sold
are appreciably less than the average of all the Boards (after
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exluding those two which, are operating in the main
entres) The compensating factor in this cae is that Wa
rere Board generates its own supply. This example is con-
firmation of the soundness of the policy of “ife Federal Gov-
ernment of where cireumstances warrant, it
finances the rural supply authorities not only to construct
their reticulation systems but also to develop local power

(&) Design and Operation of Back Country Retcultion
Syst

Wit lhe " onsiderations just mentioned have thei in-
ortance, it is proposed in what follows to discuss in some
detail pracncal gty which have come under the writer's
notice during 30 years'contact with ths problem. As pointed
fer rural supply s developed. trom experiences
gained in the supply of power in urban arcas. Variods modi:
Hations from customary practice i fown. supply systems
have already been developed for rural work, but it is the
wiiter's view that considerably further modification to these
caslier methods must be intraduced befare the back country
problem will be adequately 5 or instance, the supply
regulations require that, Hsiae sown Tk, spens. most-or
2} chains and the sag tables in the Supply Regulations
apparently do not contemplate spans in country distrcts ex:
ceeding 8 cl regard to the presént heavy cost
i bccommg more than ever essential that w
must think in terms of spans much in excess of these ngum
ed. Increase in span len

Tt should perhaps be here pointed out that
the territory remaining to be reticulated is for the most part
much more rugged than most of the present reticulated
areas. Hence new methods of construction are definitely
called for.

(d-x) System of Supply
Three phase s\lpply is now universal for urban use and
in New Zealan
Dunedin Cmpomm) ‘. shmost voiversaly carried over to
rural supply systems. It is not questioned that in districts
ch as the densely seitied datrying districts th decision was
right. T agree also, that three phase should still be used for
main lines into the back country, but all spur lines must be
single phase. Just at what densify of load it is economic to
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change from three phase to single phase distribution, is a
question to which no simple answer can be given. Different
and varying factors enter into the solution of the problem,
For instance the number of consumers and the number of
motors exceeding 1 hp., per mile i
¢ of single phase and three phase motors, and
and the same regarding costs of the various
caegories of eticulating materia.  Lines on which the load
tely to develop beyond the capacity
of & single wire, should be constructed so that the change-
over may readily be made when this becomes necessary.

(i) The Tourongo Sysen:
opinion the extension of three phase has
ulm'ndy gﬂn: beyond the ceonomse. kit and most boards are
now making high tension spur line extensions in two-wirc
single phase. This tends to produce a mixture of single and
three phase motors on consumcrs premises

some aspects is undesirable. Except for one or two pioneer-
ing extensions in (hc ety of Tatrana s vussl a

tion carried out by the writer in the past 25 years h
by single phase Spur lines sarve

E2
£

€ 4-wire primas
with service transformers Connected betwean phase and neu.
ral, or, when over 6 miles from the telephone exchanges,
connected between phase and ground, The neutral wire was
erected to meet the segulations of that time. Low tension
distribution was mainly 230/460 volt 3-wire smglc phase, this
being no doubt the first sural nderialing 1o ste dhe 3wl
with 230 volts to midwire, No special dificuliy bas,
Uunderstand, been experienced in the operation of this sys-
tem which has now pericnce. with over 2,000 ¢arth
years, that is, the number of ht. earth returns multiplied by
years of operation. isadvantage of this system, of
Course, is that earth leakage relays of the usual type are ot
app!lm\ ble tis of interest to note the close similarity
1 Tavnaach ystem with what has been recently stan-
Sertised by the REA.

(de3) The Bay of Isands Syste

the Bay of Islands dmnbm.on system, main load
ety Sty by means of three es, comprising
conductors up to 10/064 copper, or 77144 SCA, from. which
spur Tines are fed through ineulating. (ransformere, for (he
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most part of 50 KVA capacity. The primary of the insulat-
ing transformer is connected between phases of these three
phase lines and the secondary between earth and the single
yire outgoing spur fine.  These lines at present operate at
6,350 volts to carth, Transformers supplying rural consumers
Uio osin e sk cF sieret swtl Dln o it

230/460 secondaries. By this arrangement it is feasible to
protect the three phm lines with earth leakage relays, whilst

carth faults on the spur lines arc lakcn care of by the 12}
amp fuse on the transormer secondaty. Sach faulis are, of
course, limited in magaitude by the npedance of the imsu

Iating transformer, the reactance of which, as shown later,
n be made quie considerable without introducing poor
Veltage regulation

Advaiages of the Boy of Iands Systems
of the past few years has proved quite a

arge mamber of opcmxmg advantages for this system of
TeRed caceh Sheagi They may be partially enumerated

le conductor line is remarkably trouble free.
Contacts between adjacent conductors cannot occur,
whereas on two or three conductor lines clashes of
conductors may be frequent in localities frequented
by sea birds or wild fowl or where conductor spacing
s ins , or where high winds may carry pieces
r tree branches against the conductors,
The location of faalts is reatly simplified aud many
widespread outages due fo earth faults are avoide
by reason of the fact that the carth leaknge relays
respond only o earth aults on the three phase syo:
tem and are not affected by earth faults on the spur
line.
(©) Sectionalising cireit breakers operated by Earth
cakage relays are thus largely unnec
(4) The insulation of the carth working cu'c\ut From the
three phase circuit sometimes assists in the minimis-
ing of induced voltages which oceur in parallel com-
munication circuits on the occurrence of earth faults
the power line, That is to say, the only length
et et g
c Taken into account ie that between the main fecd-
ing point of the 11 KV 3 phase line and the insulating
transformer. The parallels beyond that do not in-
fluence the calculation.

(¢) The fact that one side of the secondary of

cl
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the
lating transformer goes to earth makes it |mss|ble
to connect in low voltage equipment whereby to re-
cord conditions in the hgh voltage circuit. Ou prac-
tice s to instal permanently in each earth connec-

and from time to time, load curves from graphic in-
struments can easily be taken. Useful statistics on
load growth and diversty in’the various localites
are thus easily availabl
In I connected in
series in the high voltage circuit whereby
sutomatially control goer facor, s
ii. compensate for
This Gevelopment s discussed later.

(g) Better voltage reguiation at consumers’ premises is

obtained. This follows from the fact that the sys-
fem lends itsel? to the placing u[ 2o tivdeal fare:
former at each homestead (U rage
Wiere sapirstion Semstn homsiicas sxeso
o chains indes prestat confiions o shont 25 chalns
isndes norml price conditions) The use of the serles
Condenger has not yet been generally applied, but
shown later it also'has most valuable possibities i
this directs
Single wire lines efiect a_great_reduction in the
amount of equipment required. Fewer an
poles suffice and 60 to 80 per cent. less insulators,
As compared with three phase work, two-thirds of
the cutouts can be omitted and  sectionalising
switches are single instad of three pole. Three sho
sectionalising cutouts become an economic possibility.
Each item of material saved in the manner just indi-
cated climinates a possible source of breakdown
(especially s regards fuse links). Tncreased frecdom
from interraption B the
A great saving of time in wire stringing results from
the fact that no time is lost in regulating, in all
spans, the tension of the second and third conductors
o equal that of ¢
£ ol sl motors are single phase,
Lomplucly ciminates. e oues following the
blowing, ‘anywhere on a 3 phase system carrying
three phase motors, of a single fuse.
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Authority for the Use of the System:
“The system above described is operated by dispensation
under Regulation 12-13, The requirements of Regulation 31-
a3 of the 1935 Regulations are varied subjet (o the St
ing conditions, as adopted by the Advisory Commitice of the
Crief Electrical ]:ngmce(
the fuse links for alllnes with an cacth reuen,
Tt e erate at not more thm\ 1 times full
foad with & minimom fating o
. That the low pressure side of =1ch Getribation trans-
former be comnected to e
B o ot SFdeyaias oIt §
6,350 volt transformer and of every transformer step-
ping down fsom G350 volts shall have a resistance
to earth not exceeding § ol
That before commencing ﬂny  sditional installations
350 volt earth return power lines, seven
notice shall be given to the Telegraph Engincer as
& required by Regulation 25.21 (2) (b) in the case of
all extra high pressure lines.
That the normal maximum return current in any
carth return 6,350 volt spur line shall not exceed 8
amperes,
That the average separating distarice between any
6350 volt spur line and any communication fnes not
telegraph circuits shall not be less

S

. That no 6350 volt earth return electric power line
ahall be erested parallel (o any trunk or toll com-
munication line carrying Morse telegraph wircs, with

separation such thal the electromagnetically in-

duced voliage in any Morse telegraph ercuit is esi

ot o foterfece with such e anieatian i s

F any interference with communication circuits re-
sults due to proximity of the earth connections, then
the licensee shall remove the transformer carth to
such distance as to not interfere with communica-
tion circuits, or take such other steps as may be
convenient.
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°

That If the operation of any earth rotuen, dlecric
line interferes with the operation of the Post

ind Telegraph Department's metaiic telephone cir-

cuits or any telegraph circuits which are paralleled by

the earth return clectric p

shall convert the electric power line to two (or more)

wire operation.

That all alterations carried out as required by the

preceding conditions shall be at the licensee’s ex-

pense.

That in all cases the Chief Engineer of the Post and

Telegraph Department shall be the sole judge a5 to

whether interference ta c

That connections with canth shall be placed as far

position a;

H
.
H

s will be inaccess-

The 230 volt secondary of the transformer shall be
carthed in such 2 manner as to ensure that the voltage
measured at the transformer between the phase wire
and carth shall not under any circumstances exceet
the voltage between such phase wire and the neutcal
wire,
Earthing terminal on 6,350 volt side of transformer
to be brought out through an insulating bushing and
not attached internally to transformer casing.
Under the above dispensation, it will be noted that the
Usine o ooy lines is at present limited to approximately
o kw normal full load whilst parallels with communication
Elrcuis st sbseevs s sveraRe SeoRstm oF 4 Hhiine

Experience in Bay of Islands
ix years' experience in the operation of the Bay
of 14lands sysl:m, during which time over 250 miles of single
wire 6,350 vol t into commission, excellent
Tesalts pave been obtaned. 1t erstood that the Tele-
graph Department know of no occasit trouble
o their System could be attributed o the operation of thes
carth working single wire lines,  Even although for axpils
return of one 30 KVA transformer is located with-
{Retbit © S of ' lephone exchante, e Telsprech
Engineers have had no occasion as yet to ca for any altera-
the Board's system in terms of the clause 0 in the
bR,
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Operating Voltage on Spur Lines:

'As Stated the earthworking lines so far commissioncd
operate at 6,350 volts to earth. This involves the stocking of
two ranges of single phase transformers—those which are
comnected to the three phase lines and so are wound for
11000/480,240 volts, and_those for the spur lines which are
6350/480,240 volt ratio, The distribution transformers are thus
not interchangeable between the main and the spur lines, but
they would be if the spur line operated at 11
Transformer makers offer to construct their windings, so
that without additional cost, one side of the KV winding can
be carthed.

The raising of voltage on the spur lines will have various
advantagesi—

(a) On the occurrence of a high resistance earth fault on

therefore, that the raising of pressure to the extent
mentioned, will not, when the factors are balanced
up, introduce increased hazard.

Tt will as abovementioned make distribution trans-
formers interchangeable between the main and the
spur line.

Tor a given load transmitted it will reduce the elec-
tromagnetically induced voltage in parallel commu-
nication circuits,

(d) Tt will increase the number of back country home-

€

on the type of line we have under consideration, this
fact will have very little influence on construction

costs.
When considering the sparsely populated_type of
country for which the single wire system is suited,
it seems appropriate that an operating voltage which
is Somewhat higher than is usual in closely setiled ares,
should be adopted.

Earth Connections:
Provided that carth connections are properly installed in
(he first instance, their maintenance is a simple matter and
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there s no evidence as yet to show that the life of these
earth connections, which actually carry power current, will
be any shorter than that of the customary earths which nor-
mally do not carry current. Earths are made in the usual
way by means of wires laid in trenches and also by means of
solid steel rods driven to depths of up to 22it. These rods
are brazed to the carth wires and thése joints are enclosed
in a tin filled with joint compound as a_guarantee against
corrosion. Copperclad rods will o doubt be used in the
future. The use of salt or other chemical for reduction of
soil resistivity, is not practised.
e use of carth rods of considerably greater length than
onomy and to provide an ohmic resistance which, as might
be expected, is little affected by seasonal changes.
Two e s which ilusratethe clfecivencss of
rods, may be quoted, these being in soil of hi
ity than 1s general in the North. e

Table V.—Test Results Illustrating the Effect o]
Decp Earth Rods. o o

Earth Number -
Gt Eorll g ¥ rodi
Niumber and Length 2
\nd also \xhe length shown of No. 8 &y
opper Wire ‘15" ,
Orinal Farth resistance. (o) - ES
Deep rods added—number and length 2—20" =
Earth Resiitance aher aiding. deep ods =
Camey : 65 7

Provision is being made for the use of much deeper carth

Disigution Tresformers and i Protection
Distribution Transformers are provided with 635 KV
primaries having the usual 4 taps, their ratin sl
Gary voltages being a5 follows o 2 e
Table VI—Particulars of Distribution Transformers.

Approximate
Price of 3 phase

—
|

i 140,

Not used.
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Tanks are provided with a pocket for the reception of &
maximun seading mercury thermometer an usual
accessories. Protection consists of one d\'op-out R
ivailable, one lightming arrestor. On the Low Tension side
cach outging T (f more than one) i progected by tramway
type cutouts. 2} KVA transformers are, of course, used
2R supply 1o single homestends where no range is installed
riter's view distribution transfor:
be regarded as portable appliances to be applied in situations
suited (o their capacity. When the load grows beyond theic
Capacity, 25 stiown by, the maximem reading thermometer,
e records of connected load, they will be shifted to
new locations and_their place taken by larger ones. The
single phase transformer especr\lly in the smaller sizes, is
best adapted for use this

Lightning Protichion:
Statistics show that the frequency of lightning storms is
greater in u,e Bay of Islands districts than in other parts of
New Zealand. The two stations in this area, where observa-
e e e e i T,
shows 20.7 and 18.4 storms per annum on the average com-
e it
5.1 at Wellington.
36 at Christchurch.
48 at Dunedin.
15.2 at Tnvercargill
sic”severity is correspondingly heavier n the North
also. ally the Southern county was facly completely
Squinped with arrcstors but none have been avaiable for
Nordiern one. ” Our experience confrms our carler opullon
that arrestor erainly Justified in back country worl
not 5o, much Trom the aspect of transformer protection as
Erom the reduction ia maitenante costs through the lesser
n\|mbn.r of high tension transformer fuses blowi pe
mce suggests that if the makers’ voltage ating fimits Are
Ghserved that the life of arrestors of the beter known makes
are satstactory and that radio interference emanating from
the arrestors i not troubles
practice in USA after much wider experience
yith scvere ghiaing siorms thas we have ia New Cealand,
s to connect in the lead :mm the lightning arrestor with the
low tension neutral carth 60 as o Fimimise hghmmg surge
pressures between primary ‘and secondary. Tt appeacs that
this is one feature in which our supply rcgum\o"s should be
amended so as to authorise that practice.

FEEE

Capacitor
Capacitor
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Mot

o W ————
induction type and the use of the ordinary split phase motor 15
discouraged. Recent prices and leading electrical character-
istics of common sizes are as follows —

Table VIE—Particulars of Farm Motors

Effcien Tower | Price of Bare Motor
Type. HP. | Vol | oat BL | Faer oo e DO
i | " FL SinglePhase 3 Phase
I £sd | £sd
i 20 | 63071 | 63067 | 113 6 | Notused
' 20/460 | Go—73 | 6588 | 1617 6 |11 20
B " o o B L R
I
1 laporiee| 8 95 | 8126 | mao
5 lwore| 7 9 | oo |z

Whilst experience with the better types of repulsion-
induction motors has been very satisfactory (the first milk-
ing machine motor connected up by the writer nearly 30
vears ago was of this type and is believed to be still in regu-
far use), yet it is the writer’s belief that the capacitor motors
will come extensively into favour as soon as makers have
realised the need for better condensers than have, up to the
present, heen supplied by most of
Points in Location and Construction of ! Dssibution Lins:
here has been a tendency in some quarters to regard as
sound practice and good engineering, the use of many poles
sepaeated by short spans. Tn the writer's opaion, this is not
usually good economics an des
such fines certainly docs not cnl] for enginsering skill. Where
‘wooden pols are used it i
the number of poles, the greater the mumber of pointe of
attack for wood Tungus, with consequent increased maimien:
ance costs as well as capital charges. If wooden poles are
to be used, substantial ones placed at a minimum number to
the mile will give the most”economical joby and for back
country work a5 previously noted it is essential that a
sound economies be availed e adoption of long spmu
itholt IntiedErin of ch'chs in the details of construction
will, however, lead to trouble. But if the need for these
FRaAGes e Toded bt rouBIE e ims i e b
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the use of long spans, the first difficulty that will be
et wilhy il be TohGuer . the material of the conductor at
the point of attachment to the insulator. Fatigue may b
ntroduced by two principal causes; the frst being from bigh
frequency vibrations resulting from inds, the second
from side sway caused by successive \ransversc winds in
alternate directions. Vibration of the first sort may make
eclt apparent when steel conductors are found to be cutting
into the porcelain in the grooves of straight stem insulators

o
practice also i to bind tightly to the condm;mr, a lenigth of
the conductor material for five feet on each side of the insu-
lators. Augmenting the total weight per foot of the con-
ductor this way Wil help to detune the vibrations and the
slight frictional loss within the damper appears to absorb
SRiei o oF he eneriy of the Waveilig maves Then
to avoid fatigue of. the conductor caused, as mmhbncd by
side sway, the support should be arranged so as to allow
edom ol svemens o ha conTuctor withovt the necsssity

sistently
been satisfactor three strand conductors 25 3
precaution against vibration s refer

n the location of power lines considerable expease has
on oceasion been incurred in a desire to avoid angles and to
get the maximum length of Strights nto the route of the
line. On the contrary in our view, advantage should be taken
of the topography whereby to introduce angles into the route

been used and our cxpencncc o date with them has

ing that pales need be guyed from only one direction and
ot tw akes a Titte time for sath line surveyor (o
Seauire the necessary eye for topography, whereby 1 serure
the most favourable route.

Poles:.

New Zealand has in the past been fortunate through its
comparative proximity 1o the land of the Australian hard-
woods and the writer has expesienced lines now 30 years old

1
Neverihelcss Shortage of Supplics and their soaring s
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direct our attention more definitely towards reinforced con-

ere, however, the present high cost of reinforcing
steel presents a problem. The amount of steel in a pole for
any given, modulus of resistance is of course reduced by

increase of lever arm between tension and compression sides.
With this in i the witer has seceatly developed poles of
“L" shaped cross section. Such a shape md.iy

pvov;de& considerable resisiance in both transversc and
val directions. Each fange, though only three inches
B y<tismicicst o) giverst loast She ek soveciboioon
A recent test on a goinch pole of
the above description, 28 days old, made with slow harden-
ing cement and reinforced with two one inch rods and one
three-quarter inch rod, not work-har carried a test
load of 1300 1bs. transversely and oo bs. longitudinally withe
out measurable pe
strength in the reverse longitudinal dircction was
not tested and would be less, being designed for one-third of
the transverse strength. s connection it is considered
h requirement of the Supply Regulations that
longitudinal strength be not ess than 25 of the aitvenss s
cient. Observation shows that poles are often damaged
n handling, the steel thus is uv:lsucsscd and the resulting
¢ attack on the steel
x backs countey work, & dc!lgn which gives an ade-

quat c dnl\\s in all directions h ich is as
ilght as possible 1s required. | The “ T section pole gives
c)ccl!cm appearance blu is not so economlcal o( steel as the

L.” section. A 30 foot “L” section pole d at 18 foot-

ot oF At e seengin e e roximatel
1600 1bs. and its cost may be ﬂowndgﬂ Tlow 'p 4
ST

T

2601bs. of slow hardening cement at £7 . 016 o
11 eubic feet of set aggregate mcludmg for
& and moulding and for depreciation

on plant, at 45 per yar e 208

The abave pole s adequate for ¢ careying one three phase

H.T. circuit and one fou ans where fopor

graphy suits up to 6 chainy. Obvmusly “Ton the axpport of a

equate. A pole

having only half the resistance movement of the abovemen-

tioned one will, without a guy be adequate to carry a 7/074
conductor in spans of 12 chains.
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Poe Handlng Egipnent:
high level of labour costs ruling in recent years
\mdcrlmes the need for mechanical quipment in all cpera.
¢ labour savings can be made. In the erection of
bay of Tslands Boards system, appreciable savings have
V):\eu made by the purchase of a pole erecting machine. This
f American origin and comprises a caterpillar type trac-
Tor on whigh is mounted an eanth borer for ol digging and
a mast and winch for pole erection. tted with augers
20 fnch diameter holes and in heavy clay country
puts down a hele G, deep in about So seconds. I required
an bore to 1t feet decp, and during 1042 put, down large
Guinttes of holes. his depth for the Army The tractor
aperates on diesel fuel and is used for snigging poles. fmm
the spot where dropped_ from. the Iole lory (s fed
the pole fitters) to dlgs e hole and fifcs
the pole into posiion, prmcdmg ol S inam fomer
the next site. comprises two men. The
enpe s Rl s distance aiter it
o usual eross country going where the average number
of fences have to be dealt ith, it is not wnusual for the
machine cen 40 and 50 poles per orking day.
Th. saime machine erected o Hne Sf 35 Took hardond b0
and it was_noted customary performance was to
spend 11 minutes at the pole site from the time of arrival
4l ¢ was packed again and ready for the nest sit, the hole

meantime being dug and the pole fifted into it. Owing to
the natare of the couniey on dhA! particalar Fouts tranait fone
between pole sites averaged 40 minutcs.  Although the

machine can navigate fairly mountainous country, the sys
ay of Islands Board traverses many areas of
country where manual methods of pole erection were neces-
sary. For transport of this machine over distances, it loads
itslf on to the traile of the pole lorey by means'of steel
ramps designed for lightness of weight
rough country poles are snigged up to their sites
es by bullock teams, and on ofher occasions hauled
By e lorrics by 5 Joug ad of Hesibie svoe rope which
passes round & snatch block anchored o a dead man Ahove
the pole site

Use of Series Cownected Condensers:

Reference has been made carler to the inserton of 2
series condenser in the secondary of the insulating trans-
former. The adoption of s method ol connection was first
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suggested by recognition of the fact that condensers con-
nected in the ordinsry way across our distribution lines will
prove an embarrassment in the application of ripple
uency to the control of off-peak loads, tc. But the facink
of the condenser in series with the line will on the other hand
ot attenuate the ripple frequencies 25 do shunt Sty
Apart from this advantage, ies condenser will produce
o additional most beneheial offcts Firstly, ey o
ject leading reactive KVA into the system in proportion to
the square of the load on the circut into which they arc
introdinced, Secondly, if suitably proportioned to the reactive
values of the three phase 11 KV supply line and of the insu-
Tating transformer, they i «mdm instantancous voltage
regulation into the circuit egulating action operates
3, Quickly as to wholly o patially eliminate ficker on lamps
Whith otherwise would result e starting current of
miotors comngeted of the same Tne, o valtsse. sipulston
which depends on any sort of mechanical motion for its func-
tioning can possibly act so quickly.

Normally in order that good voltage regulation can be
assured it s necessary to € as far as possible the
inductive reactance of overhead lines and of transformers
But when a series condenser is introduced into the circuit
the phesenite of {nductive Fosstases 1 she Hoon SasToronacs
or in the comnected load, becomes almost benefcal s it
gives greater scope for control of pressure. It thus becomes
dnnecessary to specify that inaulating U transformers shall
minimum reactance volts. Release from this limitation faci

nore robust design of the transformer. The somewhat
higher reactive impedance of single conductor carth return
lines as compared with two or three phase lines is also now
an advantage.

The explanation of their operation will be understood by
reference to Figure 1 which shows the vector relations in
the second’\ry circuit of the insulating transformer

represents the load current I passing to e1rll| ad

o the smg!e wire line. This lags behind the voltage OA

the power factor angle Bis the resistance drop in 4
transformer secondary, BC the reactance droj

Vo s e valtage impressed across the condenser.

Without the condenser in circuit the pressure which must
be induced in the secondary to obtain a line voltage of OA
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G KV

Insulafing Transformer.

UKV 38

Condansers

Diogram of Connections

Figl. Arrangoment of Insulafing Tronsformer
and Series Condenser
5 OC, but with the condenser in it is OD. OD is numerically
less than OC by CD x Sine # (approximately).
But CD = Re I
Where Re — reactance of the condenser (in ohms)
So that the pressure variation produced by the condenser
s Re I Sine
And the per cent. regulation so produced is
1 X Re X Sine 8 X 100
v
KVA X Re X Sine #

(KV)? X 10
Tn practice 2 or 3 standard 4 KVA 400 volt condensers
conneetéd into the earth lead and of course shunted, as
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Vector Diagram

shown, by a gap produce a rising instead of a falling volt
chart as load comes on the secondaries of 50 KVA insulating
fransformers connected off heavly loaded fines 25 miles from

nain substation. Voltage charts taken at such an insu-
Tating transformer are reproduced in Tig. 2 (p.

Esample of Reticulation Costs using Earth Return:

hilst it i held that the cconomy of the single wire
system for back country work comes largely from reduced
Taimtenance costs, vet reduced capital outlay also contribites
to lowering the total annual costs

ts of construction hae been 20 disributed, not only
during the war but also immeditely prior 1o it that
e otk ottt froms ey of Tolnds (the whale of
Which system has been constructed since the beginning of
1939) are not readily comparable, It may be of interest
however, 0 quote as an example the cost of etic
self-containedcircut s Northern Ruapek’\pek'\, one
of the smallest of the st o n is fed from the
Kawa Kawa-Opua 11 KV line through a 30 KVA insulating
e o ot dont b e b 9wk
materials, much of which had not been long in stock. The
circuit includes  tota of 7 miles 74 chains of route mileage
made up
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Northern Ruapekapeta Mileage:

1-wire 635KV 7/06r HDBC  4m. och
1-wire 635KV No. 6 PG

wire 635KV 7/080 Galv. 4ch.
1-wire 635KV No. 8 PG m. 75ch,
———  7m 3¢k
2 wire separate LT No. 8 HDBC arch.
2 wire common LT No. 8 HDBC 8ch,
Total Route Mileage e

IR et
0 KVA insulating
631 and 35 KVA distribution.
sts.53 shown in the Board's books and as supplied
by e Secrctary, are as follow

T ST
I p— R
foe| fed| e Zea| £as

woe Al aay| Syl AnY et

Som @) i e al ma gl s

M BRn S0 i) el

o] G| wnis | e muglw el

P e W [ [T D

The above costs do not include service meters. After allow-
ing 59 on the costs shown, the cost per route mile works out

¢ 4100 overall (cost of, but not chainage of, service lines
Tnctuded).

Rural District Power Demands
ed previously records are kept of the maximum
demand § s amieees n the sares iead of exch of the 24 insu.
formers in service. Some of them serve small
townchips and others purely raral districts, but in practically
all cases the recorded demand closely agrees with & demand
calculated a

ind i VA = Cnnsumers s

+ Dairy Waterheaters
T Milldng .
T Separators and Pumps —

“Buadis

X
X
T Donisic Waterbmaters~ X
- X
X
X
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Rural Line Conductors and Earth Return Circuits:
sious classes of conductor available for high ten-

sion rugal Tines includer
axd Drawn Stranded Copper, ( HDBC ).
Steel Cored Alumisium ¢ PEEA> or wACSR).
opper-aiad Sted or = Copperelay
Galvanised Steel, soid or steanded.
es.

Cadmium Coppe
Bronae and Camiun-copper although sbout 259% stronger
tension than hard drawn copper, yet both of these mate-

r-clad stecl seems to be ideal as a conductor
for rural arorks on account of its strength, fair conductivity,
of jointing and high durabilty, and it s at present being
cxtensively vagd for raal work in' the USA, yet price has
heen against its extensive use in the Dominion.
opper is generally preferred 0 5Ch on the score of it
¢ same conductivity and because of its
e, iabicg ok prie.eonaiioes ot hhe
moment are heavily against it
Satisfaction in’ the use of SCA is contingent on
scrapulous care in jointing and on taking adequate precav-
tions against fatigte ncar points of atiachment.
amount of seven strand SCA having three alumi im strands
has been used in New Zealand, but this. (onstr\vclmn involves
cxposing three of the four sieel trands to difect armospheric
attack, whereas all exposed strands Should, t is Betioved, be
of aluminium with the steel entirely enclos
ith this latter construction the steel will be protected
and its Tife probably indefnitely prolonged by the coating o
aluminium oxide which forms over the galvarised surface
effective resistance of SCA cables is not always the
same a5 the DC sesistance,  Particularly in cablet comprising
§ aluminium strands spiraling a steel core, the longitudinal
netic flux which is set up in the steel core can in some
cases produce hysteresis and eddy current losses such as to
constitute an increase of 20% on the DC resistance.

Galuanised Stecl

ficient conductvity to make it sutable as @ high

tension_conductor over many miles of back country spur
 used in intand districs, sutably manefacturcd vire

may be expected to give good life and even near the sea coast,

Has s
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lines using standard fencing quality wire have given a life of

years in_the Tauranga district. Methods of galvanising
have been developed in the meantime which should further
prolong the dependable life of steel conductors.

The writer has previously favoured the use of solid con-
ductors because of the greater distance that corrosion must
penetrate before the strength of the conductor depreciates by
a given percentage in solid wires as compared with stranded
ones. As against this consideration, the higher ohmic impe-

onductors on ripple frequencies would consti-
ion against their use if future developments
rove that it is economic and desirable to use ripple fr
quency for control of i
ture of increase of

"y

Mipennaey
SRR
Imrphias

lightning protection.
hysteresis losses on high frequency steel conductors consti-
tute effective surge absorbers so that steep wave front tran-
sients undergo comparatively rapid attenuation. For this
reason lengths of steel conductor have on occasion been in-
troduced into_transmission lines which for the most part
were of copper.
further important consideration from the aspect of |

back country reficulation is that of conductor vibration, i
Twelve years ago as the result of tests the Ontario Power {
Commission established that angular, rather than round con- i
ductors, are much less prone to damage by vibration than are
round ones. For this reason three strand conductors are |

ing extensively used for rural work in America and also
in Victoria. In Bay of Islnds as a compromise amongst
these conflicting factors, we are now using three strand high
tensile steel

f
4

Series Condenser

Fig2. Yoltage regularion by

s

o

Impedance of Steel Conductors:
Both the ohmic impedance and the internal reactance of

ability of iron of course accounts for this. But as perme- i
ability varies with flux density, so impedance of the conduc- I
tor varies to some extent with' the amount of current trans-

mitted. These variations in the * skin effect ” are more pr
ounced in soft rather than in high tensile steels. Much of |

16 e i, 7068 L Hee )

the published data on the subject is unsatisfactory and appa
ently contradictory, due no doubt to the numerous and vas
able factors involved. Stranding of the conductors largel
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reduces, but cannot sitogether eliminate * sidn effct” Tt is
interesting to note that at low current densities, the effective
AC resistance niluenced 5 2 measurable extent by orien-
tation of the ctor, that is whether it is in line with or
transverse to “Hhe tesvestrial magnetic feld

seful to mem e resistivity of conductors by
a_constant which I the product of the tesistance per mile
(DC) by weight per mile in pounds. Expressed in this way
Shere appears to be reasonable agreement that the DC resist-

{iron and s s approximately as under:—
Otms pes mile | Miera-chms per
o cubic cm.
T e
S o ety 1 G frod
B uabty 700 3
Tront B 5 Ry 1 e 5%

It must bz remembered, however, that the above figures
do ot by any means indicate the relative efectiveness of
these materials Tor AC. tansmssion. | Tn point of fact, in
solid conductors for AC current, 45 ton, stecl e
Detter fr ctive conductivity than has soft ir

In each of the formulac for calculating e
steel from the DC figure, that have come under notice, there
are various itis in fact impossible to devise a
formula arhich, will in the pr sent state of knowledge, reli-
ably forecast the effective AC resistance of any given sample.
But for the better understanding of the factoss imvalved it 1
useful to attempt 1o consiruct a formula which. fits the
known fact;

Solid Conductors:

From a scrutiny of various published results of tests on
id iron and MS wires there s a general agreement that
B AL tasittunts wesints pattornn the current up
to about 10 amps, then reaches an approximatel
steady value, sometimes dloppmg and in other cases r
with currents over 10 a

At one amp the efective resistasice s sually only little
in excess of the DC figure, but the rate of rise from that i
approximately proportional
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(@) The diameter of the conductor

(b) The amperes transmitted

() The freduency (at over 100 cycles the rate of rise
will be nearer proportional to the square root of
frequency

(d) The square root of the conductivity and of the
permeabily

For thicty ton iron and mild stee, the following formula

appears to fit the test figures rather approximately

R
Ra = Rd (—— (rad —1))
5
where Ra — effective resistance on AC
Rd = DC resist
— Amps regard excess over 10 amps.

¢ = diameter of condctor (in tenths of an inch)
frequency (cycles per secon

B s 45 100 w05 comtbctors the st of ocrezsoh

usually less than half that indicated by the above formula

smmm Condctors

anding a conductor air gaps are introduced which

. If the strands do not exceed one-tenth
of o5 Toch o1 12 ganile the AC resistence ot 5 cyeies Hacs
slowly by an increment which, up to 30 amps is in direct pro-
portion to the current. For 45 ton quality steel the following
seems to fit the facts for hard drawn HIed CalEs i

3 inch diameter, for frequencies to 60 cycles and carrents to

30 amps,
RA(1+ A3z XdXTXD)

The symbols have the same sgaifcance as before
but d = diameter of each strand in tenths of an inch and,
D = diameter overall in inches.

Inductive Reactance of Steel Conductors:
The reactance of the usual overhead circuit when com-

poscd of nonferrous metals 15, for a given frequeney  faft

constant quantity for normal sized conductors and spacing,

being of the order of 1.2 ohms per route mile at 5o cycles

T vaiies & coure deciy a thh frequency and the internal

reactance of the conductor is in ordinary  circumstances

egligible.
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P ¢

e i %7

With conductors of iron, however, if the conductor is

regurded as @ bundle of parallel Blaments, the intermal fla:
nents are surrounded by a sheath of comparatively high

Tagnetic permeability and so. their reaciance is high

(b) the internal reac
Dis 1) Ehegreot Variations. i FErABING (H) IESHIEHY
variable.
For 45 ton hard drawn unannealed conductors average
figures for internal reactance at $o oyces and 10 amps
5§ ohms per mile of conductor in Chreu

No 8
by ditto
3/12 125 ohms ditto

Dmpedance of an Barth Return Circui

e exact route whereby the roturn current traverses the
- between the two carth connections of a single wire
circuit depends on the resistivity of the carth's s i the
locality. The higher the resistivity the deeper the penetra-
thon of the flaments of return cursent. Nevertheless mathe-
matical investigation shows that for alternating current the
return path will adhere roughly to the path of the overhead

concentrated in the soil within a few hundred
verhead line. For sl resistivitics as high as are usually
experienced the mean return path of the current works out
at about 1500 feet below the mrths surface and the impe-
dances are worked out accordingl

Phe impedance of such & chrevit thus comprises:—

(a) Those of sending and receiving transformers and

connected loads.
(b) Resistance of sending and reces

ing earth connec-

(¢) Effective AC resistance of overhead conductor.
(d) Internal reactance of overhead conductor.
() Resistance of earth path
(f) Reactance of the circuit comprising the conductor
and_earth path in series.
Tt is of interest to set down usual values of these
quantities:—
(a) Typical transformer impedance characteristics arc
well known and need no further comment. The in-
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fluence of a series condenser in the carth connection
of an lnsting trasformer s refereed o dlsc

shown that the introduction of re-
Setance nto the cifeult 35 ¢ d (D) gives
Sreaier sope for veltage reguiation by serdes cont

() The olimic reistance liits of the earth conncetions
have been set out in the dispensation ter;
(c) The. ohmic. resistance of the commoner “easses of
1.

(d) As shown in a later paragraph the internal reactance
of solid steel conductors is appreciable, though for
Stranded it is only of the order of one chm per mile
at 50 cyele

(€) At 50 cycles the olimic resistance of the return path
is of the order of 1 ohim per mile and is usually less
than_that figu

(1) “The inductive reactance of the carth return path and
of the overhead conductor in series with each other
& 41 154 ondes € 12 ohms pev soute miler

Partiulars of Couductors for Rurel Worl
the following Table VIIT various particulars of the
COONLS Comtitocs 256 set out as s means of demonstrat:
some crucial features in their application to back country

HDBC. = Hard Drawn Bare Copper

Steel Core Aluminium,

30% CCS = Copper clad steel having 30% of the
d ctivity of the same” section of

P.G. (45T) — Cavanised steel 45 ton, quality un-
annealed.

Column B— X
Shows the mumber of strands and (hei diameter.
Colum
Shows breaking strength as set out in the ESR,
B.SS. or cminent makers’
Column
Ts the maximum working tension permitted by ESR.
Column E—

Side pull for each degree variation of bearing at the
ol wich tension D'l the conductor.
Column -

Maxvexo—Rural Poswer Subply. 0

Wind pressure per Tineal foot at  181bs. per square

foot of diametral plane. The summation of E. and
. provide for ready calculation of side pull on intu
s 'md e

lar pi
Columns G, H,
R o R

{emperature for spans of G feet, 1000 fect and
2000 feet, 30 that the working seision will o
exceeded 1t stated wind pressuke and at & tempera:

ure B8 dagrees F. below summer temperature
Colun “ perat
hows the allowable tension in calm weather at
. temperature for spans of 2,000 fect. It may
be noted that the correct tension for other spans

and SCA, but for steel the permitted tension at
660 feet is about 20% greater.
Column K—
Gives e efcctive AC resistance in ohms per mile at
es F. D resistance of
CA oA ioks s Cbenas e D Tty plus

Colume L, M—
how the transmission capacity of the various con-

ductors when u; wire circuits having 635
and 11 KV 1o carth respectively, ssuming 566 o
The KA. Giacsmirien 1 cngy o 1 sendiot
and _earth return.

Column N—

s weight per mile in pounds
! »

Colu
Shows the present day cost per mile 50 far as the
figures are known—they arc based on Tt gl
tions from England for HDC. and sol 3
trom Canada ToF SCA and CES whls sosining
galvanised is cstimated at 60 per ton

Column P—
The cost per mile of conductor for transmitting
100 KVA miles at 6,35 KV.
Column
See paragraph below.
Survey of Rural Line

ethod of survey whereby it can quickly be deter-
o et e ey It any given conductor in
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a contemplated span was developed for Bay of Islands and
although simple the writer has not previously seen it sug-
gested and may be worth recording.

Instead of the usual surveyor’s drum and band, a special
drum was designed whereon to wind a 20 chain length of
No. 20 S.W.G. piano steel wire on which chains are marked
in the usual way. For longer spans two such lengths can be
joined. If the piano wire is supported at the proposed pole
sites at the height equal to that by which the lower insulator
exceeds in height the minimum permitted conductor clear-
ance and if the piano wire is drawn up to the correct tension
as shown by a surveyor’s dynamometer then the wire as-
sumes the same catenary curve as will the conductor and
thus immediately shows if the required dip in round contour
exists. The utility of the method follows from the fact
abovementioned regarding column J of the table, where it is
remarked that for most conductors the correct Etrmgmﬂf ten-
sion is practically constant for all spans exceeding 10 chains
(and for shorter spans the method errs on the safe side).

The correct tension at which the piano wire is to be
held follows easily from the fact that if the tensions in any
two wires in a given span are proportioned to the respective
weights per foot of conductor then the wires will form them-
selves into identical catenarys.

On this basis column Q of the table has been worked
out from columns J and N on the basis that No. 20 S.W.G.
steel wire weighs 18 Ibs. per mile,

Conclusion :

In concluding this paper the author is conscious of hav-
ing dealt inadequately with many aspects of the subject
which he set out to survey. He would, for instance, like to
have had time and space to put forward concrete suggestions
as a basis of discussion for such modifications of the Supply
Regulations as the back country calls for., Nevertheless it
1s hoped that the paper may be found to contain material
which will assist in the recognition of Rural Power Supply
as a separate and distinct field wherein is justified a complete
review of past methods and development of new ones. Such
review should be untrammelled by preconceptions other than
devotion to sound engineering and to the extension of the
benefits of power supply to a deserving section of our people.

Assistance in the assembly of test data, etc.,, by my
assistant, Mr. R. R. Clarkson, and by the technical staff of
the Bay of Islands Power Board, is hereby acknowledged.
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Discussion

MR. J. G. LANCASTER said that, in his opinion, Mr.
Mandeno had presented a paper which was most valuable to
supply engineers concerned with the design of rural electrical
lines, for which, as the author had stated, special methods were
essential. In electrical reticulation work generally, and especially
in rural work, there was much scope for economics in the
selection of conductors and in the fixing of spans and selection of
poles. Such work could be done by rule-of-thumb methods, and
pubblic money wasted, or it could be carried out as an engineering
job.

His difficulty in considering Mr. Mandeno's proposal was
how to determine whether a 3-phase load might be expected
ultimately, He had in mind a number of cases where light lines
were installed in sparsely settled country areas and in a relatively
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short time the supply authorty was asked to extend the lne
the bush and a o0 F.P. stwmill. He presuned tht, in 4]

Mandeno would pull down the originai Tine ‘and
replage wuh & gphase construction

Mr. Mandeno 1o indicate the maximum horse-
pn\\'ev of Single phase motors he wauld use o this rural work,
also the cost of the earth-boring and pole-erecting machine. He

S et e S B o ot xminple oted
in ihe paper, the number of poles per mile, and detals of the
poles o that & comparison could be mhade betwcen Mr. Mandeno's
Very low cost and. the cost of more or less standard construction
vith, sy, Gt chain spans.
andeno was a ploncer. He was the first in this
i apply electricity for general domestic water-heating,
and, again 8  pionee, he had shown members of the Institution
0 build low-cost country lines.

A 'E DAVENPORT, aiter congratulating Mr,
Mamlm on puting on pager this hithrto, very controversisi
subjct sxid Mr, Mandeno, during the course o the st 20 years
ppsbenadyl Ll mcmm supply, which
e s i oot ot
Fh ordinary electricl enginece, when he Grst heard about

this eartheretuen system for high tension, and when he first e
it, wondered why he was worrying o much about it. The whole
dlcation wes ont of Sconowice Technically it worked. It gave
supply to the consumer and in the territory in which it operated
wh form of supply,_would have
done it s0 ecm\nmlcn\ly with the loading avaiabl. The question

o deter

e just whe to sevet fo the normal 3phase
syslcm There wete. load them applied
gulation, of course, (0 the. single-phase sysiem and one

s 1 o e 1 DS Tt s oF Bag e
and to put in poles which would hardly be able to carry 3-phases
buid phase i the st place, That was the problem that
faced one right at the outset. Tt depended on the access a
the Toad growth. 1t zequired an aceess and 1oad survey In the
frst place. Mr. Mandeno had done all these things and in the
area of supply he had tackled, cconomics had played a major
part.

Mr. Mandeno's object was to bring power amenitis alike

to city and country; and with that object, all

Srenmatiy T the S of Whe paee Aedling with “mathods of

coping with the pmbkm" the fist thing necessary was (0 carry
aload suryey. In 1945, the Electricity Act formed the Rural

‘Retbiaton, Cammit anl ik oF the astiis of 1 Counell e
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necessary load survey would be taken. Some of it was also

included in the Census and Statistics Return forming part of the

last census, A itle time woud clapse before some of it was
available.

Mr. Mandeno, said Mr. Davenport, mentioned the question

of reduction of bulk charge to supply authorities, pointing out

another side to that story. The facts were correct. During those
years the consumption of uits went ap by someting like 150
g cent and the Siate Hydr jutlay likewise increased.

They had to double their Capital it wnt ap from £13,000,000
o' B26000000. But the charges 0 the supRY authorites went
U S T ot T o s, el e v ke

e R i e o

al expenditure ; but the rub would come in the future when
ing reticulation had reached its limit and would have to be
ded.

The net effect of the present cost of materials and
Tabour was that the cost per unit had not varied; it had
even dropped  siightly, ‘betause, along with the increased
capitl costs the number of unifs had doubled, The present
day costs were more than twice those before the war.
were facing in the next fve years the doubling of State
outlay on State hydro but not the doubling of 1 sapacity.

ect over all was that the prices per KW would go up;
and they woukd be ¥ ery fortunate i the cost of bulk powet
did not have to follow

£ factor mentioned was that of small power

sehemes. The subject was ventilated frequently in the North
Island and Mr. Mandeno probably gave the answer. In remote
localties, Mr, Davenport could ‘see no objection to. the
i of small schemes, But where the scheme was
large enough and accesible o the major, power supply, and
iwhere the small scheme had to wor in paralll with the Depart-
mentssystem and was dependent on sellng pow

ment, then it was. considered that, where such a scheme. was
instafled, it should be developed ' with, generally, more KW
acity than the local authority would put in, 50 as to take

advantage of the availability of the water to pump units into
the system, There was a point, also, that the local supply authority
cstabished n a rural area would Be hampered, in fact dominated,
by 3 Iack of capita 5o fhat the developrent of the staion fiself
Would, generally, be cut down and. cadld only be of bencht &
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e local community, so losing the opportu s being of
sl g v R b

lear that if any licences were given for the
vt O e plnis Wy e, 1o SRS RO et
seriously divert manpower and materials needed for the
.mcemphshmtht of major schemes, Approval of licences was
vithheld in the meantime. That was not to say that the

plings were not going 1o be developed ultimately. Ther
Bopes plzLL for them but owing to present day conditions the

fibution, said Mr. Davenport, was not
gmuz\ly applicable where the load was suffciently heavy to
Warrant the ordinary system. One of the dominating features
was the securing of low earth resistance and the maintenance of
that low value. Mr. Mandeno had exercised a great deal of
ingenuity, particularly by voltage control by condensers and earth
resistance with a system probably no others had begun to apply,
MR. A. BUCKINGHAM congratulated Mr. Mandeno both
n his_originality and on having the courage of his convictions,
in matainng his right to think and aet diffrently from the
majority. 1t was something to be proud of that in New Zealand
« was slowed o stck t0 His guns by the contrlling uthorities
that would not be possible in all countries. For neers,
Mr. Mandeno's system was impractcable odny because it was
pecessary tg tart suh . sysem with n, absoutely clean shect
Inpre- ‘most engineers considered, with the levelof costs
{ing that using the more orthodox Systems was justied,
technicaly and sconomically, and M, Mandeno's
20t jusified,the main esson beng,of coure tat ¢ vas possible
fairly easy to change over to the Hormal 3-phase supply system.
Under the present higher costs level the savings. under Mr.
Mandeno's system were much greater but it was_doubtful
whether they did justify such a drastic alteration. Mr.
uckingham vas satisfied tht in Canterbury, under 1046 cost,
3 singie ¢ line could be built for £250-£350 per mile,
dep o the mumber of consurers to be. supphied, and any
rednctmn Mr. Mandeno could make on those figures did not
Seem to be sufficient to warrant the disadvantages his system
it e s e e e
ductor instcad of two, but some of the advantages claimed by
r. Mandeno were also advantages under the orthodox. single-
phase e
ced with running lines in difficult country as the
\opogmp[\y of the country, not the roading system, dictated.

]
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Mr. Mandeno’s system required quite a comprehensive two-pole
Structure, with insulating transformer, at the commencement of
cch ssglephase line, and the capital cost of this had o be split

over the consumers supplied by that line. The value of the
BBy A Ms Derinaua, wool wata B cobaneed & g
deal if it showed the extent of single-phase spur lines, the number
of transformers and the number of consumers; that would have
given a more balanced view of how the system worked out. Of
Sourse, the main general, disdvantage of the system, was the
leﬂculty in catering for increase M'mdelm'5 System

d ‘grow and the fime woud come when his single-phase

e e o be setished with 30 ox 50 KVA neolatig ans:
formers or a supply at 6350 volis. And Mr. Mandeno would
then have his diffculties, both in Wellington and in the Bay of
Islands

Mr. Buckingham then referted to o recent paper read by
Pickles and Wills before the 1.EE. on single- supply in
Great Britain. 1t advocated two conductors, 4 was. comion
in New Zealand and the great merits, both techuically and
cconomically, over the threcphase syse were strongly siress
and agreed pon by members when the paper was discussed. Tn
the case llsratd in the paper, the singl-p s lines supplied

0 50 KVA tapacity and.farm motors wer
o siogle-phase. T thet respec, the system carried
heavier single ph.\sc Toads than did any similar system in New

Concerning “Rurl Elecrical Supply, Oversca” (see P
237), M. Buckingham thought it could be dlaed that the
Corttage in New Bealand was more complete. than in Australiz,

mada, America, or Great Britain. Coverage was_the most
St e 15 RN Suie e ‘Americ: e
1 when construction more or less ceased, capital costs

the maintenance cost after the frst ten years apemtmn There
had be h criticism of R. 1i in Ar
One factor in keeping up capital costs in New Zealand was
sals ax and import contrl. Many of he satonary il engines
which Mr. Mandeno referred were, probably ry little used.

Tty had bica ipcsacad. by hicis atoes Dk Tt i
removed, He mentioned supply to dlctric shearing plnts but
1o one aspired to get much revenue from that. The main
. totey i el oo fonh sttt o HeADRg
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equipment was to give supply, because the return could be
greater in other ways.

A (o back-country areas, Mr. Buckingham
agitet s e bty 0 56 Eren Ty, oo ks Redetetion
Cuncil might nt, 1 fwany, caics, be adequat, but 1t was

than under’ the REA, in the United Sttés and greater
than the sssistance given for sursl line construction in
Mandeno that beter asssance it
been given by modifcation of bulk s upply tar
¢ Hoped the agitation for loca hydro-plants would e
continved, motwithstanding st the sescons” g
Davenport might be sustained a
gl showed it

s that customary span lengths were oo long to wilhsand
s were being shortened in new

suow conditions and the span:
Consiruction. Mr. Buckingham asked Mr. Mandeno how he
et on his singie-phase spur lines with high resstnce carth
faults without leakage relays. Maintenance o carths

vides Canesbary Conlitons would b slasost inipossble and
50 also would the use of long earth pipe.
N. A DAVIDSON suggestd that attntion shoid be
et o e queston of transformers as 3 substatial item
cost i rural ines. O many Tincs the transformer amounted
o on-third of the total coss and to more than the cost of
poles. Standardisation’ should be taken up by the interested
partie. The question of meters was considered in a carler
paper and in rural areas opinion was very strongly for one
metr for one Farm. “There was a strong case for modication
of tari
Mr.

“Mandeno discussed impedance in an carth etomn el
In designing a new line, what practical test did he mal
detemine hi fo the pariiular line and localily? s memmmd
rural costs in the how low they were compared with
New Zalind Bgures. That was lzrgely due to the use of
standurdised transformers. Bulk arges were absorbing
o increasing amount of power boards® revente and that would
have a big elfect on rural reticulation.

Mr Dnvx(\san pointed out that if changing over to a two- of
e line later, Mr. Mandeno must shorten his spans.
One riticim of b Fstem, was: how was he goin to make the

change-over to_two or three wire.
MR J. LYTHGOE though Mr. Mandeno had done some-
thing worihy of comment. In connection with losses on his line

a4 he gone into he matter o JosscsSingle-phase against 3.phase
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lines? When one looked at the statistics of the supply authorties
the amount of tot ost was noticeale, 11 ¢

ok ek v b e b
authority engincers would have o find some means of balancing
it and it they el wtifie bt he quantiy of units lost at the

Dresent time some thovgh they might nearly balance the ledge
Al knew ihat 2o he. demand incresed the loses became

greater. It was shown in Pickles’s paper that losses in Ayrshire
were mnsldenbly Tess than any supply am\mrlly i this country,
because they had to pay for every unit. Here electricity was

bought on a kVA. demand basis—and biow the losses, so long
as one obtained one’s revenue. The losses in some cases were
50 great that they would stagger engineers brought up on steam
generation,

i country district, the industrial or motor load was very
small in comparison with the house load and with the single-
phass: T the, stouomic Jactor satered but where, us M

ncaster mentioned, a 100 h.p. motor came on, one had to have
a 3-phase line to supply it and the revenue from that extra
100 h.p. had to pay for the extra line. No one had mentioned
the class of pale Mr. Mandeno was using in his loclty. Poles
were practically unprocurable from Au
Teying on the homemmads reinforced soncrete pale, Bl would
fke the cost of the T and L pols and the compasit pole.

technical aspects but had_one or two comments in connection
section “Rural Supply Overseas”, and rural costs in
the USA. The REA was to a very considerable extent
compteable ith the RERC. sbidy shiine i New Zalsnd
and when Mr. Mandeno compared the average New Zealan
e b s e s e
with the American figures he nust remember that the averages he
had taken in New Zealand were on systems developed without
assistance from anyone the ingenuity of the engineers
of the power boards and the support of the consumers in the
same area. 1f he were to make a year or so hence a comparison
of consumers per mile and cost per mile under the New Zealand
sunl, retielation scheme, be woud find it compare more
than favourably with the U.S.A, figures he had used
meeting of the RER.C. was held just before Mr. Kissel
left ‘/\’chglon and quite a number of subsidies were granted
10 poter boseds theonghint New Zcaland. Generdly he roess
for subsidies were rather less than anticipated. There might be
s o thas Eore s st iy e the. ey of
doing reticulation work of any kind at the present time, boards
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therefore delaying making spplication il condiions were
more m urable. 1t might also be due to the explanation given
ower boards at thei conference in September—that the
stsietaen wris 1or Fursl robcolation, oad nor Tox paes heasts
to carry out ordinary seiclation. ‘RERC, schemes were (o
enable power fo be carried to areas which otherwise would not
be reticulated. Among the applicaions dealt with by the board,
er cent. were granted, perhaps not to the full 73 per
cen,; they might have oo motifed to. oo Eaicat;  Lincs
costing £700 to £1,100 per mile were not rural lines but lincs
Yiavellisg throtich Srcaa L oML B8 eatsint Bouseis
The council was concerned arcas which othe:
not be reticulated and were not likely to grow. He was pleased
to note that most supply authorities recognised that fact and
had been abstemious in their applications.

Kissel thought it would be found when the lins were
summarised that they would probably average under two
Sumers o, the mile, The Agures uoted by Mr. Mandeno were
of 2} under the REA.; they also gave the cost as about 4.2
Cents per unit. Tt was hoped. the mpply on these N.Z. rural lines
cont the average consumer les than 42 cents per
ol e Bt foe uplta\ Costy were ot going. {0 be very
much mor e than ure_of 1,600 dollars coming down to
o dollars. That s New Zaland just about the uppes
it for & 3-phase e running info-a rural arca. The American
costs were hot very much lower tham the costs in New Zea
Mz, Mandeno had & scheme 1o build Tines at £180 and Mr.
Buckingham nearly the same. New Zealand compared more than
favoursbly and ws to be congratlated on getin the cxisting

coverage without any. subsidy and on the fact that the subsidy
i from the ectrical yster and ot from any Goverr-
sl Tonds o cusile Tunds F sy oiber Yind

F. W. FURKERT asked had there been any
investigation into losses on these Tines as against losses on the
normal e line. Tt seemed that the system sct out in
Mr. Mandend's paper was one which might well be adopted in
places where it was reasonably certain that there would be no
Targe increase in load. Tn the far North there were places quite
kel to devlop so much as o need o 3-phase line. It tumed
very largely on future growh, IF there was not

Mr. Mandeno had probably brought forward i
Which would be of considerable advantage.
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Mr. Mandeno in reply said that his paper had set out to
discuss the broad problem of back-country reticulation,
subject of which the engineeri ine and economic aspects had
not. been discussed as such u
originally presented in 1045. 1n thus attempting t5 reat the
matter_somewhat broadly it had not been possible to go
much into detail. Those who took part in the discussion
had indicated an interest in the single wire 11 kV. systen
f distribution and had asked numerous questions regarding
it. It would be understood however, for the reasons given,
that no attempt was made in the paper to fully argue the
case for that syste:

Lancaster, in common with other contributors to
the discussion, had expressed a doubt as 1o the feasibility
when planring th reticulation of a new area of etermining

s ey et
single

In practice it was found that if reasonable judgment
were exercised in the early design of the scheme remarkably

s

necessary.

e enlicaticn, hihs TALk!Gouatey,, T Mebattar it
was often economically impossible to reach communities and

fandeno, to be denied the electric service until, with the
id of such subsidy as might be available, they could finance
the cost of a 3-phase extension?

In any case why should they wait for the 3-phase line
seeing that, if not in the majority of New Zealand com-
munities 2t present unreticulated at any rate in many o
them, the single wire system would give the hetter service,

and authorised the fimit of load which might be carried by
a single wire circuit was approximately 100 KVA., but in the
majority of the districts now lying round the fringes of
reticulated areas of the Dominion & Sistributing centre coutd
be chosen from which to radiate single. wire lines, the
demand on which was unlikely to_exceed 100 kVA. f
considerable period of time and, with i erestng ipirich
of the single wire system, it would appear likely that it
might be found prackicable to raise the prescat somewhat
artitrary limit of 100 KVA, on such lines,
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n reality it was not nearly so pressing to provide for
introduction of 3-phase supply as some of those who contri-
buted to_the discussion appeared to contemplate. So far
as carrying capacity of the lines was concerne

Mandeno continued, it should not be overlooked that the
Single wire line operating at 11 kV. would carry as much
power with the same percentage line loss as a 3-phase 3-

conductor 11 kV. line having three times the weight of
conductor per mile of line, and on the secondary side of the
sransformer ihe 230/460 volt 3-wire as more sats:

B e chan at e ‘s90/400 VoIt -wire 3-phase )
And 35 3 source of motive power the single-phase system
not at such a disadvantage as some appeared to {hmk

*an increasing number of industral plants using powe
for numerous motors, aies ‘aggregating many
undreds of hp, was being ron from singie-phase systems.
vever, Mr, Lancaster asked what would be done to provide
for the. possibility of a demand for supply of 100 hp. (o a saw-
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A passage in the introduction to Messrs. Pickles and
Wills' recent paper before the Institution of Electrical
Engineers on the retiulation of the County of Dumiries,

and, s relevant
% enginecring development conssts in supply-

ing the mmdn.e “and arecable e < the i
technical suital d reliability.
Tt m veve 7 mibae Seisie provmon o
future development o in providing plant which is unduly

¢ or costly for the work. Risks must be balanced,
ad The best solution of any emginscring proble i wsislly

. y _with flexi-

bility to meet increasing demands. In this particular

problem the authors claim that the single-phase system

satisfied all immediate and foresecable needs at the

st, and is sufficiently flexible to meet grow-

ing demands. 'Moreover, for this particular purpose the

system has technical advantages over the 3-phase system,

fuch 15 simplicity, reduced maintenance, abscne of the

balancing difficulties inherent with small 3-phase sup-

ples, and better use. of the mains and cansformers

One technical disadvantage only is_admitted,

and that a compara tively minor one arising with certain
mothye poer ladi

the maximum size of motors which should be

carricd on_single-phase Hincs 74 h.p. motors were operating

und

under present conditions, at £100 per mile, then in the class
of country in mind a -fhase o mrrespondmg capacity
Would cost at least £350. Assume 10 miles of line were
Tavolved and that (also a fair assumption) line maintenance
costs were proportionate to the capital cost and assume
capital charges, depreciation _and Smmintenance at 10% of
first cost per annum. Then if the application from che sawr-
mill owner were received altony - tpeoveh the lfe of the
asset, say 10 years from commencement of supply, it was
apparent that the total annyal savings which the lower cost
line h-\d effected was practically equal to its firsi
n his expericnce over a fair number of years M;

Mandoms had Tound. that the chances of any given line in
back couniry being called upon o camy such 4 mofive pover Toad
mall racton of the oce i 10 years assumed. His

also indieated that additional capacity had to be
bm!( into 3.phase lines at least as often as into single-wire

and _driving er automatic
control about 27 miles from the. Board’s point of supply.
Before long much larger motors. operated from. theseines
e o ot e earthborer referred to in the paper was
approximately £2,200 in 1038, and the present cost of a some-

what improved machine was £3,300.
to details of the poles used on the particular exten-
sion for which costs were given in the paper, these were
desapped MAIL; those carrying the single wire were about
equally 26 ft. and 3o ft, the minimum mean butt diameters
béing 10 in. and. 15 in. mpmmly On ths extsaaion the

poles averaged 67 per mile
. Mandeno appreciated Mr. Lancaster's kmdly refer-
Das

arlier work, also Mr. Davenports. Mr
Davenport remarked that e whole question in back-country

supply was one of economics, and subject to the proviso
that sn_umd gineering _rathe le of thumb was also

Mandeno agreed. Even though subsidy
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schemes might in some Zesme tend to obscure the
T s e i

m for carrying the
benelts of power Supply to it isolated primary produce
venports insistence on the prospect of increas-
ing rather than of decreating costs of bulk supply was wel
understood but did not this reinforce the point made
those distribution authorities who w

at the most reasonable costs possible? Most of those
authorities at present passed on, in pryment for bulk power,
from 35 to 55 per (and even more in some cascs) of
1he W sevone vessrved, If Shex eesetved s
o e metropalitan authorties, their
power costs would be about_one-third, From
this it appeared that the introduction of a flat rate of charge
in liew of the present heavily stepped tariff of the Staic
Hydro- :lettnc Bepartment ‘should enable rural boards to
effect a saving of something like 15% in their total costs.
 as rheomnitad of "cousse) that shis matice wos
largely political and it might be that metropolitan authorities
might prefer to render assistance to_rural authorities by
some other method such as the subsidy scheme. But
cnlightened self nterest shoud ensure that the metropolitan
authorities by some means or other made poss
extension of the power service into all but the most remote
of those localities from which the Dominion’s primary pro-
duction is drawn.
e development of amall hydro clctrc scheres
e Mr. Davenport's
endorsement_of the idea, limited thaugh that_ endorsement
policy of the Departm
definitely dfscoutaged such gevelopments. - Yet there wers
numerous sites available where automatic and therefore
unattended plants could be pat In for a total capital cost per

urther, such small stations delivered their output

ad]xcem to where it was consumed, so saving transmission
losse

andeno did not think that local authorities, if

given the oppormmty, wmll e deterred from such enter-

rises by reason of lack of capital. Witness the Tauranga

Borough Council which in. 1938 had spent £64 per head Of
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population on its hydro electric scheme and, in recent years,
ould have considerably extended its generating capacity
had State policy so approved.

s “otal imvestment by the State, 20 years
Iater, in hydro-electric development of £17 per lead.
Mandeno could not agree wenport that these
local schemes would beneht the local community only.  There
was now a more general awareness of the prospect of con-
tining power shortages.  Each kilowatt produced in the
local plants would be at least as_effective in assisting to
relieve the general shortage as a kilowatt from ¢

schemes and if, as was maintained, there were local plants
which could be installed more cheaply and expeditiously, thin
the major schemes, what argument remained against their
development.

Mr. Davenport contended that it would be more effective
to concentrate all available resources on the major schemes
but this was surely an example of 3 goneral statem
which might be misleading when applied to v cases.
For instance, Inbour was 10t 100% mobile and there were
local schemes for which the necessary labour would be
fortheoming at the present time even though the major
schemes were, no doubt, being prosccuted with all the
Expedition. that the resoutces of ihe State woud permit.

Mr. Buckingham had remarked that, for most engineers,

ion of the system described was not practicable
because it was necessary to start such a system with an

just why Mr. Buckingham should think so. What was there
to prevent any engineer from connecting in a standard insu-
Iating transformer at any point along his existing 3-phas

nes and running 10, 20 or 30 miles into back cuxmlry
k up isolated homesteads on runs or farms,

E

Sdmbied that inder present conditions of igh
savin the described system demanded for it serious
e BN thought they were hardly such as to
justiy the drastic changes which would become necessary.
That remark possibly suggested that chianging over 5-plase
lines to-single-wire lines had been suggested but that was

so. There might, however, be numerous cases where
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existing 2-wire single-phase lines had reached the limit of
their capacity and so should be changed over to single-wire
operation. Such a change would increase their capacity up
to fous times.

. Buckingham had remarked that all agreed with
running Jines according to topography rather than along
Toads and it was true that it was now fairly general practise
fo do so. At the time that the Tauranga rural system w
installed however, Mr. Mandeno could not remember an %
previously erected system where - that “principle had been
oy et generally followed

"The additionsl cost of the msulating transformier was
qulie atuisaty o Sadianiogs Dven hoin 5 o
the paper there were numerous compensating advantages,
When however the cost of the insulating transformer was
spread over, the 1o or more miles of line fed.from it the
cost_was reh(wt! ig)

. Buckingham mkrred to the recent paper by Messrs,
Pickles and Wills de:
of the County of Dumfries. That
reports, made a_profound impression in Britain and it con-
firmed in & atriking manner several of the principles for
which Mr. Mandeno stood, as for example
single-phage 3-wire 230/460 volt ks atdbatos
system. So far as he was aware the Tauranga schem
We Brst racal supply In sy Country in which ths eysten
had been adopted. Information md\cncd that othe:
svdembl: rural arsas in Britain were likely to be reticolated

T Tngte- phase supply was now recognised to be best

ritain could there be much more lmgcm\g doubt as to
its suitabilty for Now 2sslunt bk Hopis? By Compaiien

y of Dumiries was thickly pupu|med 35 would be
Somatent oot the elative: hgores tor Dumicics o b
THlonds Power District. In the latter district the reticulation
was in course of construction, somewhat over half the area
g been covered.

Dumfries. Bay af medf.
Area of Supply (squnm mnles) — L175
o - m,é;?i.
Number of Consumers 11,126 3.7
Total Route Length of Lines(miles)  8to 571
Rm\te Leng th of HT Smgle phase.

= “

\lumbcr o “Distribution Trans-
forn 993 742
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These figures suggested that in order to adequately meet
the problem of electrifying the back-blocks of New Zealand
engineers might well ‘consider further departures from
phase practice than British engineers had come to recognise
as desirable and necessary
Buckingham had remmLed that the authors of the
Dunfries scheme advocate rimary  distrbution the
ingle-phase systen as conmmnny used in New Zealand
Sl e e
Fad not occurred 1o anyone in Britain to attempt the use
of single-wire distribution and, in any case, as shown by
the comparative statistics just quoted the problem in Britain
was very different from that of carrying power into the back-
blocks of New Zealand. Furthermore it might not be
irrelevant to enquire whethes was any rural system
established anywhere prior to_the Tauranga rural system
which had adopted direct ransformation from 11 V. distr:
ution lines or had adopted single-phase as the standard
el sspecially in.a istict which was. pre-
dominantly a dairin
eckingham had questioned the advocacy of the
use of long spans having regard to the occurrence of snow
storms in certain areas. Fic must agree, however, that lon

single-wire construction there were several
possible the use of longer spans, a3 for instance, stronger
conductors might be used, loads ipports were reduced
and danger of clashing of conductors due to sudden release
of adhering snow was ¢

o difficulty whatever had been experienced up to the
present time in clearing igh resistance faults on single-wire
lines and it was doubted whether there was any populated
dis w Zealand where such a line falling to the
{ronind would Hot be profaptly isolited, Ta this conncction
M. Buckingham would perhaps have noted that all lines in
the Dum cheme were protected with arc sup-

whic]
pondered by " New Zestona power supply engineers.

M, Davideon's query regarding the scheme was how
would one provide for changeover to 3-phase? Occasionally
on short routes which had been expected to develop into

i i

extension: main 3-phase system they had erected
4-hole arms on which one conductor was run, having
view the addition of the 3-phase circuit later, but in

general they agreed with the contributor to the discussion
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an the Dumfriesshire scheme who stated: » In laying out
lines of this description it is essential to design them for
Single-phase work o a5 to obtain the full soncay possble
Lines should not be designed so that they can be converted
Jater to 3 g-phase syster”

Mr. Davidson's questionregarding tests for
m\p:dancc there had not been occasion to make tests for
any proposed new line. In practise the impedance of the
earth return had been found neghgxb\e in the type of cir-
cuits under consideration, provided the normal attention was
given to the transformer e e

e had enduired regarding the relative losses
in 3-phase.as against single-wire working.  The reply was
that no comparative statistics were available for such losses
oty exdiled o the vempecitve svstem

uly comparable in all such matters as mean radius of
oLt Tatng e il of Tus o hé riling e o
ost at time of construction or castsper mile of reficulation-
t on general principles it appeared that the single-wire
shnuld other things being comparable, be the more eficient.
Pickles and Wills' comparative figures for transformers
of equal output were not disputed. They said that as com-
pared with 3-phase transformers single-phase were:—
20% cheay
1o% lowen in iron and copper losses
15-23% lighte
have better regulation
have fewer beshings and other points

of weakne
Adnittedly the single-wire “system introduced an extra
transformer but as against this the high-tension line losses

e etk etk s Al bk the Sobethiss
earth working transformer substation was cheaper more
them could be used with consequential savings i ow.-tension
ine
(Mr. Lythgoe enquired for the cost o the concrete poles
ction developed. The cost depended in quite
apprccnh]c measure on the number of poles over which the cost
ole making plant might be spread and anyway a bare
figure for cost did not signify much nowaday
e following table gave basic on some of the
standard sizes of L pole.. On ascount of current conditions
these designs were worked out to give reasonable str
with minimum  reinforcing steel:i—
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PARTICULARS OF L SECTION POLES,

Towl  Voume  Weght Ulimate  Present
Weight of of Conerete. of Pele. Transverse ~Contract
Lengih. Sieet rength,  Price
W) (.t () Cewi) f
33 1t 176 ) 1970 30 7/4/9
3o it. 160 o 1760 B 6/14/9
3o it. 117 me 1720 ar 6/3/9
26 it. 102 o5 8o 17 5/%/3
23 it % 8 ize 17 5/3/0

Mr. Kissel had pointed out that the Rural Electrical
Reticulation Council ‘Scheme might be expected to show
results in New Zealand comparable with what the paper

showed the REA. had achieved in America. In this c
Seetion it should be explained. that the paper was presented
to Auckland Branch over 18 months before the Christchurch

i had been taken to
establish the Rural Subsidy Scheme. But even thougl
s now an established reality the Dominion
could ot affod to segard the problem of rural reticulation
as flly &

A the paper the REA. undertakings, which
by statute were red_to be self-supporting concerns,
were Suckecding in. balancing fher accotnts with average
total revenue of 108 dollars, or say, £34 per mile.

This was an average figure over their complete under-
takings involving many hundreds of thousands of miles of
etculation.  The comparable figure for all New Zealand

Boards was an average fevenue of £190 per mile
(which also was approximately the s
Mr. Mandeno did not wish to decry the New Zealand achieve

he Rgures Quoted in the paper e
felt they could not S e complacent about it

Mr. Furkert had enquired about the relative losses as
etween single-wire and z-wire lines and he would note
that his had been covered in replying to M

In conclusion Mr. Mandeno had to reiterate what he had
mentioned n iniroductory comments at the Conferencs, his
acknowledgment of the co-operation of Mr. Kissel and Mr

0F the offcers of their respective departments in

athorising the practical application of the system which
been dzv:lopcd Perhaps he might particularly refer to the
co-operation of the following District Engineers of the Tele-
graph Department, namely, Mr. G. W. Gilchrist, and the late
Mr. P.
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