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TABLE No.2. 
COST OF LAYING 100 YARDS OF DOUBLE CONDUCTOR OF BARE COPPER CARRIED ON INSULATORS 

IN A CULVERT. ' 

-- I I ~ 3 4 Ii 6 

Axea in square inches ... ... . .. .. . 0'26 0'6 1'0 2'0 2'65 3'00 
Area in square millimetres ... .. .., ... 161'26 :322'5 645 1290 1641i 1935 
Weight of Copper in Ibe.·per 100 yards ... ... 676 1163 2306 4612 6126 6918 
Cost of Copper at 7id. per lb. ... ... .. . £18 15 0 £37 5 0 £ 74 10 0 £149 0 0 £190 0 0 £224 0 
L aying ... ... ... . .. '" . .. .. . 9 0 0 9 12 0 9 12 0 9 15 0 9 15 0 1') 0 
Insulators ... '" ... ... ... '" 0 4 6 0 4 6 0 4 6 0 4 6 0 4 6 I 0 4 
Six Surface Boxes and Connections ... ... .. 10 0 0 10 0 0 10 0 0 10 0 0 10 0 0 10 0 
Culvert, IS inches x 12 inches, for 2 lines Conduotor } 

in brickwork and Cement, replacing pavement ..• 53 S 0 1)3 S 0 53 S 0 63 S 0 53 S 0 53 S 

Engineers and Superintendence ... ... . .. 6 0 0 10 0 0 10 0 0 10 0 0 10 0 0 16 0 

Total ... '" . .. ... . .. '" £97 7 6 £120 9 6 £ 157 14 0 £ 232 7 G £263 7 6 £312 12 
E xtra. for Copper at 9!d. per lb. ... . .. . .. 3 5 0 S 10 0 17 0 0 34 0 0 43 10 0 51 0 

Total ... ... '" ... . .. . .. £ 100 12 (j £ 12S 19 6 £ 174 14 G £ 266 7 6 £306 7 6 £363 12 
Cost of Copper per lb. laid complete ... . .. 42d . 27d. lS·2d. 13·Sd. 12d. 12·6d. 
Current in amperes' '" ... . .. . .. . .. 90 160 360 no 910 1,080 
Cost per ampere ... . .. . .. . .. . .. 1 2 3 o 14 6 0 9 

~I 
0 7 5 0 6 9 0 6 

Cost per unit at 500 volts ... ... . .. 2 4: 9 1 810 i 019 014: 9 013 51 013 
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compound and joined to the conduit proper by suitably constructed 
elbow extensions, thus providing for the drawing in of conduc
tors from the nearest manhol e to the top or extreme t erminal 
of t he post or other branch. This system appeared to possesS 
every feature r equired in an underground cond uit, as it was 
claimed to be air , gas and water-tight , and that the saving of 
of t he expense of using h ighly insulated wires would, in a p lant 
of material size, amount t o a sum more than sufficient to pay 
the entire cost of th is conduit. W it h the Crompton System, 
t he maximum voltage used w~s 500, and the author stated that 
it was evident t he ·success of this system depended on a proper 
syst em of dr ainage being u8ed. This in it Relf, would not be 
suffieient, for unless t he culverts were p roperly vent ilated the · 
dust accumulating on insulators would absorb t he moisture and 
oonsequently ground t he cir cuit. The cost of buil ding t hese 
culver t s ·must necessarily be large, especially if adopted in this 
colony, wher e this class of labor wa ll so high. He had not beeu 
able to obt ain any later quotations, but in a paper r ead by Mr. 
Crompton, in 188tl, before the Society of Telegraph E ngineer s 
and Elect~icians, t wo tabulated statements were given, showing 
the comparative cost of laying 100 yards of double cou·ductor 

underneath t he foot way of a London st r eet. Table 1 being 
insulated wires laid in a cast-iron trough and set ill bitumen. 
'rable 2, Crompt on's Bare Wire System. 
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Taking area for area in conductors and cost per amperes, 
the cost was very much in favor of Mr Crompton's scheme, but 

it must be born in mind that 500 volts. was the maximum used 

in his mains, whereas in the Bitulllen-fJoncrete System a very 
much higher potential was alloweu, consequently to make a fair 
comparison between the two systems the cost per B.T. nnit 
transmitted should be given instead of cost per ampere·-for it 
was the total work given out which should be considered. 
Take, for instance, our two Water Supply Systems . . Would it 
be fair to make a comparison of cost of laying these systems 
down at so much per gallon of water passed through the pipes, 
where in one the water was under a pressure of about 3 to 4 
atmospheres and the other 50 atmospheres? In the t abulated 
statements referred to he had added the cost per B T. unit, 
taking 2,000 ~olts. for Table 1, and 500 for Table 2. 

Mr Dymond: Why do you t ake 2,000 volts. for 'l'able 1 ? 
Mr. Fitzmaurice: Because the discussion to which these 

tabulated statements refer was on " The Battery v. Alternating 
Transformer Systems," and this was t he voltage taken by Mr. 
Crompton himself for the latter system; It would be seen that 
the comparative costs, area for area, per B.T. nnit was very 

much in favor of the Bitumen-Concrete System, but it was 
obvious that for the same output it would be only necessary in 
the 2,000 volt. circuit to provide a conductor one fourt h the 
area of that in the Crompton, so that the comparative cost per 
unit per 100 yards would be considerably higher , but still in 
favor of the High Tension Syst em. For example, in 8th 
column, Table 1, the cost of laying conductors 2 square inches 
in area was £601, or 8s. 4d. per unit , whereas under Table 2, 
4th column, the total cost w~s £266 7s. 6d. or 14s. 9d. per unit. 

Turning to Table 1, column 6, the area of conductor was 0'5 
square inches, or one-fourth that of area under column 4, Table 
2, t he cost of which was £187 lOs., or equal to lOs. 5d. per unit 
against £266 7s. 6d. and 14s. 9d. r espectively in the Crompton 
~ystem. Before leaving the Crompton Syst em, he wonld be 
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glad if Mr. Whiffen could tell him the insulation resistance of 
that system, and to what extent it varied from summer to 
winter. 

Mr. Whiffen: I am not in a positiou to afford the informa
tion. 

Referring to the ideal system alludeu to by the author, 
this no doubt would be so provided that the same stringent 
measures were enforced on t he gas and water authorities as waR 
the case with the electric light, telephones, and telegraphs, but, 
as a rule, very little attention was paid to the leakage from 
these mains until an explosion of ground occurred, and, as most 
of you are aware, if there was a possibility of shifting the blame 
to an electric discharge, it was done. Fortunately, Melbourne 
has not yet adopted the sewerage scheme for underground wires, 
otherwise there was a probability that it would have been 
accused of setting t.he sewers on fi re lately. Before concluding, 
he would like to take one or two exceptions to the author's 
system of providing for t he telepbone or t elegraph circuits, 
and in doing so would draw your attention to the last page of 
his paper, which r ead as follows :- " The two lower cases would 
be r eserved for trunk lines, No.1 for Post Office and No. 2 for 
Electric Light feeders, et c." If this system of conduits was 
adopted, he certainly thought No.2 should give way to No.4, 

for the reason that the danger of leakage from high tension 
mains to telephone circuits would be minimized, but, while 

agreeing with the author respecting the placing of telephone 
and telegraph wires in a drawing-in system of conduit, especi
ally if the conduit itself afforded an insulation, yet where we 
had ample room the electric light and t elephone and telegraph 

wires should be placed as far apart as was possible and not 

bunched, as proposed in his scheme, for he (the speaker) believed 
the i]lduction in such a syst em would greatly interfere with the 
working of the P ost Office lines. 

Mr. Dymond considered t hat the aut hor had t r eated his 
subject in such a fair mauner that it was a difficult matter to 

., 
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subject in such a fair manner that it was a difficult matter to 
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discuss the paper, more especially as he had not touched the 
fin,ancial aspect of the question. 

Mr. G. Fischer called attention to the following article 
which appeared in the Electrical Engineer of August Ulth, 

1891 :-

"THE MINNEAPOLIS STREET RAILWAY COMPANY'S 

UNDERGROUND CONDUIT SYSTEM. 

" THE electric system of the Minneapolis Street Railway and. 
t he St. Paul City Railway Companies is, without doubt , the 
most complete, and one of the most extensive, systems in the 
world The underground conduit system employed by the 
Minneapolis Street R ailway Company for carrying its mains 
and feeders has several times been mentioned in our columns . 
A series of tests having recently been obtained from the Street 
Railway Company, we take pleasure in bringing the matter 
before our readers again. 

" The novelty of t he system employed throughout lies in the 
fact that there is not a wire in sight in the heart of the city, 
except the overhead trolley wire. The feeders, mains and 
track feeders are contained in a conduit underground, the 
trolley-wire connecting with the feeders by means of a sub
feeder through the hollow iron supporting poles. The conduit 
is located between the tracks, and is built as follows: T wo-inch 
plt;t.nk first t reated by boiling in fernoline, is uaed for construct
ing a long trough of the desired size ; this trough is so nailed 
together as to be continuous, a.nd without joints from man-hole 
to man-hole, a distance of 408 feet. The trough is placed 
below the surface at such a depth that the top is six inches 
below i,he paving blocks. The conduit proper consist s of a 
number 9f heavy paper t ubes of the Interior Conduit and 
Insulation Company's make. The tubes employed are one-inch 
and one-inch-and-a-quarter, inside diameter, laid in the trough 

in ten-foot lengths, and separated from each other and th e 
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sides and the bottom of the trough by rings or spaces. The 
tubes are made continuous from man-hole to man-hole by use 
of a telescopic joint. After the tubes have been properly put 
in place, pitch, liquified by heat, is poured in, filling the inter
stices and leaving a series of highly-insulated raceways with a 
solid insulating filling, impervious to moisture, around them. 

" The system is the firs t installation of underground con
ductors ever made iIi which bare copper wires were drawn into 
a conduit without other insulation than the conduit itself. 
The,re is at the present time about 60 miles of bare copper 
cable resting in the conduits, varying in size from 100,000 to 

500,000 circular mils. The insulation resistance on the entire 
amount of tubing wit h overhead trolley and outlying feeders, 
as shown by act ual t est, is as high a!l 1,081,147 ohms. 

" A large amount of this conduit has been in service since 
September , 1890, and has not developed a Ringle fault. The 
most emphatic and reliable tribute to the excellent results of 
this new method is found in t he addit ional order for 200,000 
feet 0'£ tube recently fitted by the I nterior Conduit and 
Insnlation Company. The original order was for 400,000 feet . 

" Some recent t ests of the feeders in the conduits show an 
insulation resistance which is commendatory to the system, 
and speaks for itself :-

" Feeder A, 37,719,598 ohms. Length, 3,122 feet. 

" 
B, 18,649,094 

" " 
5,172 

" 
C, 2,251,122 

" " 
8,048 

" 
,. D, lO,288,096 

" " 
9,082 

" 
" 

E, 1,790,898 ,. " 
7,219 

" 
" 

F, 1,815,078 
" " 

8,043 
" 

" 
G, 1,488,031 

" " 
5,172 

" 
" The drop in the potent ial at the terminal of the feeders 

employed in the conduit is 5' per cent., while in the other 
systems, where the overhead feeders are used, 10 per cent. and 
over ie the r esult ." 
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In reply to Mr. Whiffen, Mr Callender said that the question 
of the adoption of a bare conductor system, or a drawing-in one, 
such as the Callender-Webber, would really be decided on the 
question of costs. It was that when the sectional area of the 
conductor reached a certain size the bare copper system would 
have to be adopted, and the question to be decided was when the 
point is reached where the bare condnctor becomes economical j 

in actual practice it was found that for sections up to 1 inch a 
drawing-in system is much cheaper. From 1 inch to 2 inches 
it is doubtful which is cheapest. Over ~ inches the bare 
copper is cheaper. Mr. Whiffen had treated the description of 
various drawing-in systems, and the Callender-Webber system 
in particular, as if they were only suit able for low tensions. 
This of course was not correct, the Callender-Webber system was 
equally suitable for either high or low tensions, and in this respect 

had, in common with all drawing-in systems, a great advantage 
over bare conductors, and, as most of the work in Australia 

must necessarily be high tension, this was an important point. 
Again, in a drawing-in system provision could be made for 
telephone and telegraph wires, if necessary. This was impossible 
in the Crompton system. Referring to Professor Threlfall's 
remarks, he did not consider that the conduit described was in 

anyway an improvement on the Crompton system, but was rather 
a retrograde step. It differed from the latter in several 

points, and in each of these points was distinctly inferior. The 
principal novelty was in the shap~ of the condnctors, but it 
was difficult to see anything to be gained by the shapes as 
shown. The expense wonld be greater t han for flat strips and 

it would also be more difficult to make joints. The joint 
described had no provision for expansion or contraction, and this 

would always be a source of t rouble. Professor Threlfall 
appeared to have been under th impression that there was 

considerable difficulty in increasing the area of conductor in the 

Crompton system. As a matter of fact this difficulty did not 

exist, aud t h is conduit is r eally nothiug but an elaborate attempt 
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to remedy an imaginary fault in present drawing-in systems. 
In reply to Mr. Hinde, the author pointed out, that so 

far from the leakage from electric light mains being more serious 
than thQ,t from gas mains, the reverse was the case. And, in 
support of this, stated that no accident to life had ever been 
recorded in Great Britain, caused by leakage from an under
grounu electric light main. It would be well if the gas com
panies rould show as good a result. The amount of leakage 
from any extended system of gas mains was a most serious one, 
while the amo!lnt of leakage from a similar network of electric 
light mains was quite insignificant. Mr Callender then noticed 
the conduit described by Mr ]' itzmaurice, and pointed out that 

the attempt to draw bare copper into pipes had always ended 
in failure, and he could not anticipate any better result from 
the conduit deRcribed. 'I he couduit was, however, a fairly good 

one if used in conjunction with well insulated cables, but would 

be undoubtedly expensive. 


