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APPENDIX IV.

Cost of development of 60,000 K. W. on the Sutlerj near the
| Bhakra dam site.

Head=330 et. Cusecs=2,700.

Rs.

1. Headworks e 3,00,000

2, Tunnel, 30 feet by 15 faﬁt for 12 EIEID r. L. at
Rs. 300 per r. foot ... 96,00,000

8. Short open cutting, balancing reservoir and
overflow channel o 9,00,000

4, Two 16 feet dia. reinforced concrete pipes
for 3,000 feet at Rs, 175 per r. f. ... ..« 10,50,000
5. Surge tower w  1,00,000

6. Four steel pipes, 11 feet dia. by Ejﬁ in, thick

for 14,500 r. f. (13,700 tons at Iis. 450 per
tom) P ... 8L,70,000

7. Five steel pipes, 9 fe.Ft dia. by E;H in. thick
for 500 r. f. (452 tons at Rs. 450 per ton) e 2,18,000

8. Three steel pipes, 6} feet dia. by 1/4 in. thick
for 500 r. f. (140 tons at Rs. 450 per ton) 63,000

9. Five 10,000 K, W, generating units at Rs, 8%
lacs each ... ..o 42,50 000

10, Three 5,000 K. \V, generating un1ts at Rs, 5

lacs each ... ... 15,00,000
11, Buildings, ete. we  8,00,0C0
12. Anchors, ete. for pipes .o 2,50,000
13. Escape channel, ete. ... .. 2,00,000
- 1,85,01,000
Add 10 per cent for contingencies, etc. .. 18,50,000
Total we 2,03,51,000

Capital cost per kilowatt installed  Rs, 313,

P
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APPENDIX V.

Cost of the development of 10,000 K. W. on the Upper Barj
Doab Canal site.

1. Four miles of 16 feet dia. reinforced concrete Rs.

pipe at Rs. 175 per . 1. w0 37,06,000
2. Burge tower, ete. 60,000
3. Three miles of double 11 feet dia. h:,r 3/8 in.

thick steel pipes (7,500 tons at Rs. 450 per

ton) o 33,80,000
4. Half mile of three 8 feet dia. by flEi in, thick

steel pipes (1,130 tons at Rs. 450 per ton) we  5,10,000
5. Three 5,000 K. W. geum ating units at Bs, 5

lacs each ... e . 15,00,000
6. Buildings, ete, . 2,00,000
7. Headworks and escape. channels to both the

existing canal and the Beas River ... v 4,00,000

97,56,000
Add 10 per cent. for contingencies, ete. e 9,76,000
T{]t‘&l L1 ljﬂ?laziﬂnﬂ

e e —

Capital cost per kilowatt installed Rs. 716,

APPENDIX VI.

Cost of the development of 10,000 K. W. at 330 feet head on
the Sutlej, assuming 7,500 K. W. as working plant.
. Rs.
1. Headworks .. 2,00,000
2. Tunnel 12 feet by 6 feet for 12, 000 feet at

Rs. 70 per running foot e £,40,000
3. Balancing reservoir ... 2,00,000
4, Reinforced concrete pipe 8 feet dla by 3 ﬂﬂD

“feet long at Rs. 70 perr. f. - we  2,10,000
&, Burge Tower - 30,000

6. Double steel pipes 6 feet dia. bj’ } in. thick
for 14,500 feet (2,500 tons at Rs. 450 per ton) ... 11,25,000
7. Double steel pipes 41 feet dia. by 4 in, thick '
for 500 feet (§5 tons at I1s. 450 per ton) 30,000
8. BSingle steel pipe 6} feet dia. by 1 in. thick
for 560 feet (47 tons at Rs, 450 per ton) .. 21,000
9. One 5,000 K. W. generating unit at Rs. 5 lm:s, 5,00,000
10. Two znﬂﬂ K. W. genemt.mg units at Rs. 3

_ lacseach ... ..  6,00,000
11. Buildings, ete. s <. 2,000
12, Anchors, ete. for plpes «e 1,00,000
13. Escape channel, efe. ... we 1,00,,00
41,57,000

Add 10 per cent, for contingencies, ete. v 4,16,000

i | Total oo 45,73,000

e

Capital cost per kilowatt installed Ras, 458,




Cheap Supply of Electric Power. 95

APPENDIX VII,

Cost of the development of 10,000 K. W. at 200 feet head on
the Sutlej, assuming 7,500 K. W. as working plant.

Rs.
1. Headworks i e . 200,000
2, Tunnel 15 feet by 7 feet for 12,000 feet at
Rs. 95 perr. 1. o 11,40,000
8. Balancing rese.voir ... 2,00,000

4, Reinforced conc=.te pipe 10 feet dia. by
3,000 feet long at Rs. 80 per r. f. ... we 2,40 000

5. Burge tower 40,000
6. Double steel pipes 74 feet dia. by 5/16 in.

thick for 7,000 feet (1,875 tons at Rs. 450 per

ton) " v 8,45,000
7. Single pipe 7} feet dia. by 5/16 in. thick for

500 feet (67 tons at Rs, 450 per ton) 40,200
8. Double steel pipes 51 feet dia. by 4 in, thick

for 500 feet (79 tons at Rs. 450 per ton) s 35,600

9. One 5,000 K, W, generating unit at Rs. 5 lacs.  5,00,000
10, Two 2,600 K. W, generating units at Rs, 3

lacs each ... «e  6,00,000
11. Buildings, ete. e ik we 2,006,000
12, Anchors, etc., for pipes 75,000
13. Escape channel, ete. ,,, .. 100,000
42,065,800

Add 10 per cent. for contingencies, ete, s 4,20,600
Total ... 46,26,400

S ——

Capital cost per kilowatt installed Rs. 463,

APPENDIX VIIL

Extract from Simla Waterworks Committee’s Report
of 1904,

“ The annual payment to a sinking fund to meet interest at 4 per cent,
“ and repay capital in thirty years comes to about 6 per cent. “The sum of
. “Rs. 50,000 entered against this item in addition to interest is therefore
" ust understood. It is not usual to charge depreciation when a sinking
“ fund is maintained, as ajnew loan can be raised to replace worn out
“ machinery, etc., when the old loan has been paid up,”
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APPENDIX IX,

Estimate of the cost of the transmission network for. the Sy

project.
Z o
Route, *3 [ r £
Distance | £ & % &' [Gauge| & | ©
in |EEZE88| of | 5 | =
From To miles. E_E S 22 | wire. | o S
=% EE g | &
1 Station Jullunder 56 3,500 5 56
2 Jullundur | Amritsar 49 3,000 G 40
3 Amritsar Lahore 27 3,000 [ 99
4 Lahore Ferozepur 40 3,000 6 38 46
5 Ferozepur | Ludhiana 82 3,500 6 67 K2
G Station Ludhiana 45 4,500 4 53 $at)
7 Ludhianz | Ambala 80 3,500 i 64 8l
8 Station Kalka 36 5,500 ! 43 iy
9 Kalka Ambala 3t 3,500 H 28 340
10 Ambala Delhi 124 2,500 | 81 | 1,240
11 Ambala Meerut 108 2,560 7 74 | Luso
12 Meerut Ghaziabad 27 2,500 7 19 230
13 Ghaziabad | Delhi 13 2,000 : 16 130
Total 727 .. | 600 | 727
ABSTRACT.
Rs,
600 tons of copper wireat Rs. 2,500 per ton 15,001,000
7,270 reinforced concrete H structures, ﬁruss-braced
at Rs. 400 per structure e 29,08,000
1,810 strings of insulatorsat Re. 40 par string 8,72,400
Telephﬂne wires and insulators ; we 1,895,000
) Erection at Rs. 150 per mile . o 1,10,000
55,85,400
Add 10 per cent, for contingencies 5,58,600
61,44,000

Capital cost per mile=Rs. 8,450,

Note.—Line drop=Impedance of line X current
and

Tmpedance per mile of three-phase line of No. 4 wire=2 190
ohms at 50 cycles and 124 feet spacing.

Impedance per mile of three-phase line of No,
ohms at 50 eyeles and 12} feet spacing.

Impedance per mile of three-phase line of No, 6 wire=2903
ohms at 50 cyeles and 124 feet spacing. i

Tmpedance per mile of three-phase line of No, 7 wire=3299
]ilmﬂ at 50 cycles and 123 feet spacing.
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APPENDIX X.

Data concerning existing electric installations in India.

— B =
i K 12,8
I g - D L B ; 88 -
: S Number | ep S 5 Units = g .
Town. . of con- |E & & | generated |o= E
2 sumers. |3 %'  [perannum, (£ 2 2
£ coa.2 by =
i £ o8z ] o3 85
| & -
HYDRO-ELECTRIC INSTALLATIONS,
| Darjeeling . 17,400 743 | ¥27 | 736,330, 990

9 Mussoorieand Dehra | 38,000 1,601 | 445 I 2,880,000 1,405

3 Simla E 59,320 | 1,922 4'88 | 3,285,908 1,682
4 Bangalore h 100,834 | 3,070 ] 305 s,sm,ouﬂ; 2,868
5 Mysore City ; 71,306 | 590 | 083 | 2300000 3595
Total i 266,860 | 8,016 | 1748 _15,45-.5;?:7& 12,540
Averages Jl e 350 H_ _-I 2,608 |
PRESIDENCY TOWNS.

| Bombay L] 979,445 9,033 | 0924 | 79,542,00¢, 8,800
2 Madras .| 518,660 | 2305 0444 T,834,4ﬂ0? 3,315
4 Caleutta .| 900000 | 9,700 | 1078 30,744,090’ 3,170

Total  ...| 2,396,105 | 21,038 | 2446 |117,920,400] 15285

— e 2 — —— — —

Averages 0815 , 3,095

DELHI AND PUNJAE TOWNS.

! Lahore .. 228,87 | 1,417, 0622 | 5109,500] 3,820
2 Delhi .| 232,837 | 3400 | 1465 | 8,891780 1,145
# Amritsar & : 152,758 1,071 0705 : 597,500 930
Total o : 614,280 | 5,888 | 2792 | 10,098,780 5 895
Averages .f__"' % 0931 . o "_]F,EJE_E-
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APPENDIX X—concluded.
| EEE- T
| o - |l & 8 , SEEE¢
| k= Number &3 2 Units |& 5 =5
Town. i = of con- £ E = | generated |&'% -g g
S sumers. | & 2% o |per annum, &, 2«
= Saso T T
= W 8 podi=! =LXE9
= i =N Lt
TOWNS IN NATIVE STATES.
| Baroda | 89,315 346 | B ] 350,000, 5 60x
2 Bikaneer | os8000|  g21| 0728 | 48,6000 2,015
3 Gwalior 105,000 450 | 0429 750,000 L,i]ﬁ?
4 Hyderabad (Deccan)| 446,500 1,072 0240 | 2,405,500f 2,245
Total 708,845 | 2,289 | 1743 | 2,384,100] 7,025
Averages x . 0-436 1,754
!
OTHER TYPICAL TOWNS.
1 Ahmedabad I 150,060 f 579 | 0386 | 500,000 sud
2 Dacea 91,000 | 430 | 0494 |  432,790] 961
3 Cawnpore 200,000 | 2,083 | 1402 | 4,330,800 2,065
4+ Karachi 614,000 | 765 | 0-125 | 661,300)  RGH
5 Barrakpore 21,000 | 117 | (557 95,200 gl
¢ Nagpur (C. P.) 130,000 174 | 0134 209,300] 1,200
Total 1,306,000 | 4,168 | 3098 | 6229,48¢| 6,7uh
Averages = 0°518 1,128
OVERALL AVERAGES,
Per cent.
Percentage of consumers to total population 1-24
Units per annum per consumer . 3480
Units per annum per consumer after eliminating
the Presidency towns ., 1,889




An estimate of the probable consumption of clectric wm- in the e

Total of what might reasonably bo expected during the very early stages of the

devolopmoenl

—

47 618,000

unyb and Dethi.
Probable | _— l' : : \ Units now
: Pe-centace | Fs'imated { Units per | Total uvnits | generated in
Town. Population. dmann;qm of consumers| number of | annum per | per annum | each town
l:-._mam In 4, population | ‘consumers, | consumer. |for each town.| (ie. during
ilowatta. 1916-17,)
Lahore 228,687 1,750 15 2,420 2,000 (5,540,000 5,409,500
Delhi 212,847 1,750 15 3,481 2,0c0 6,960,000 3,801,780
Amritsar 152,756 9o 1°25 5 '900 1,750 3,320,000 087,500
Ferozepur = 50,836 3a0 15 763 1,500 1,145,000 250,000
Patiala = 46,974 250 10 469 1,750 22,000 300,000
Nabha e 13,620 1'0 10 136 1,500 204,000 115,000
Meerul 119,140 Tin 125 1,490 1,750 2,605,00: 403,000
Ambala i ] 80,131 550 1'5 1,200 1,50i 1,800,000
Jullundur 69,318 40 1+25 866 1,540 1,300,000
Ludhiana 44 K70 2510 125 550 | 1,250 G8K,000 i
Karnal 21,961 7U 100 218 1,000 219,000
Kapurthala 16,367 100 1-um 163 1,500 244,000
Malerkotla ... 23,880 130 1-00 239 1,500 358,000
Ghaziabad g 11,275 60 1'uo | 113 | 1,000 113,000
Total | 7,350 || 26,618,000 | 11,366,780
Other probable markets that should he obtained at the start.
Other towns en route 3,000,000
Kalka-Simla Railway and tow ns en route 3,000,000
Cotton ginzing, etc, s 3,000,000
Irrigation Department 12,000,000

wamo g owgoag fo myddng doay)

66
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APPENDIX XII.

Average price obtained in annas per unit during 1916-17.

HYDRO-ELECTRIC INSTALLATIOXNS,

e Swomy Compmies |

Towns. aunaf-lj;;l;f ;iil.
1 Tata Bombay -.. - - 539
2 Darjeeling 2340
3  Mussooric . 2* 500
4 Simla 0 o 1'167
Average ... IEJ"
FUEL DRIVEN INSTALLATION=.

‘ I Karachi - 44170
2 Dacca +'84
3 Lahore 445
4 Delhi - e 2'H6
? Ahmedabad ... 432
6 Nagpur - - i 540
7 Bombay - - 279
5 Calcutta . 2:304
0 Madras . 2+207

10 Rangoon it i 279
Average ... HTEE:i

Overall average . 3088

Average of two averages _ ... 26515



APPENDIX XIII.

Details of the cost per unit (excluding capital charges) of the Delhi and Lahore Electric Supply Companies
under existing (1916-17) and future conditions,

= o .
!_ g e GENERATING COSTS PER UNIT IN ANNAS,
| [ = e e i
! g g z Bo .| =4 | . g
[ & = 5 T&.%J?.} g2 & | g& ‘ E Management, | & | 8 &
! pe 8 | E =g |sdd | =8 | 3 Directors’ fees, | = au | B
= =% | & E“"ﬂ ggE |28 | € . | calaries,office | © | g | &
o HE | .S B |®E 4| BE| 42 andlegal | § | S8 | =&
' £ e | 83 Egg =Sws §F =& expenses. | 2 | 5§ ‘§§
[ e = | O =i PN - T = | &= | &
Present. 1,993,580 668 (06384 0089 0184 | 0223 iD{{-l 0362 | nil nil | 1'553
= | Present conditions of distri- |

*<{ Dbution with power pur- _ | !

B chased in bulk. 1,093,580 608 | nil I 0-:010 | 0°150 |01uv | U061 n2€2 0402 | 0100 |1-245
Future conditicns v 4,000,000 1,150 | nul | 0005 0100 | 0100 | 0040 0181 é{:+3_}5 6100 | 0'871
Present we | 1,337,500 380 0758 | 0061 | 0228 |0191 (0005 0774 | nil | nil |2o017

| | i

[ [PI'("H{."TIL vonditions of distri- {

< bution with poewer pur- . :

:‘2 chased in bulk. 1,307,500 TE0 nil 0010 0100 | 0140 Il.]'UU!':- 0774 0342 10-100 | L5680
Futore conditions .. ] BN 1,150 mil | enng O 150 o0 T oennd [ 0887 (0345 E{'-"]UD "l'ﬂl}ﬂ

iy

“490 J 01 '!'399?3 Jf{; fig(fdﬂg dmyo .

10t
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DISCUSSION.

MR. MILNE, as an introduction to his paper, wrote that
e wished to mention that it was drawn up last summer, before
. Messrs. Barlow and Meares had been deputed to investigate
nn hydro-electric possibilities of the country, and as it was written
jstatime when there was no idea of the war coming to an end,
. |he rates quoted might be considered as representing approxi-
mately war rates. The cost of the steel pipes had been arrived
3t from the price paid for a welded steel pip= line erected on ths
Simla extension earlyin 1916, This actually worked out toa
little less than Rs. 450 per ton, and included erection at site by
an imported engincer, but did not include carriagz from f.o.r.
Calcutta to site.  As the pipes proposed in the papar would
beriveted steel pipes, made at site, the cost should not be
'~ any more, as steamer freight was naturally very high for such
bulky things as pipes. In connection with the pipe line it
might be mentioned that there appeared to be enormous pos-
sibilities for the utilization of reinforced concrete pipes manu-
factured on the * Hume" process, particularly for low and
medium head hydro-electric plants. The first cost should be
considerably less than steel, and depreciation a practicably ne-
- gligible factor, and if they were all that was claimed for them,
they would revolutionize hydro-electric work in cases where the
pipe line formed an important item in the capital cost of the
scheme, as was the case in the particular project advocated in
his paper,

In the estimates of the transmission lines, the price of
copper was taken as Rs. 2,500 per ton, whereas at the present
time it was nearer Rs. 1,750 per ton delivered in large quantities
in India, and there appzared to be a steady downward tendency.

A careful examination of the site proposed for develop-
ment would possibly and very probably reveal a better lay out of
the scheme than that suggested, and should the compilation of
this paper in any way assist towards such an investigation being
carried out, the author would feel that his efforts had not been
entirely wasted.

MR, MEARES congratulated Mr. Milne on writing a
very interesting paper at a time when hydro-electric power was
much to the fore all the world over. The possible amount and
location of water power was at present being investigited over
the whole Empire, including India, and if anything was to be
done, beyond th= barren collection of statistics, some ontimists
would be wanted. The originator of the Tata scheme, Mr.
Gostling, wasa confirmed optimist, and in the end saw his




