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PYKARA HYDRO-ELECTRIC DEVELOPMENT.

INTRODUCTORY REPORT.

1. In accordance with the instructions of Government, the Pykara Hydro-
Electric Schere has been carefully examined, and I beg fo report as tollows.

2, The Project preseuts no very difficult problems of a technical nature; there
are, however, several alternatives tn the original sclieme, which have been investi-
gated and are referred to elsewhers in this report.

3. The scheme now presented is for generation of pawer at Pykara und supply
of it to Coimbatore, I'ollachi, Dindigul, Trichinopoly, Madura and the neighbouring
areas. The development is to be in stages dependent on the power demand.  Madras
is, for the present. excluded. Plan P-1-F, gives an idea of the power development
while Plan P-2-F; shows the Transmission system which is proposed for the first
stage of development and also indicates the future possibilities of the system.

4. The expenditure. must neccessarily be somewkat heavy at the outset, mainly
owing to the very long peastock lines, and the extensive Tranumission system
necessary to secure the required load. These handicaps bave been partially over-
come by a carefully graded construction programme, and modifications to the
original lay-out, as explaied later.

5..Tables 1. 2-A, 2-B, and 3 and charts P-3-F,, P-4-A-F, and P-4-B-F
. have been prepared so that the results of the studies can be read at a glance.

6. Table 1 shows the energy which it is expcected to distribute and sell during
the first ten vears. The estimated revenue and return per unit are also given,
Attention 13 drawn to the fact that, while the revenue gradually increases, the
return per unit tends to decrease. This is due to an improved load factor and a
progressive reduction in the rates for power.

7. Table 2-A gives the estimated gross and net revenues, the capital invest-
ments, operating expeuses, ete.  On examining this Table it will be seen that the
cost per unit steadily decreases and that all operating expenses and fixed charges
can be met after tne second yvear. By the sixth vear all the back and carrent
interest charges have been paid.  On the tenth yvear the return on the investment is
€70 per ceut, there 1s a swplus of Rs, 18.51,210, and an acecumulated fund for
depreci¥ion an'd renewals of Rs. 249.34,190.  Regarding the latter fund no contribu-
tions hav® bheen made until the fifth ycar. From then i5 per cent of the gross
revenue has Leen put asile wenoally, vutil sueh time as the accamulated fund 1s
equal to one which would have resulted by adopting the “ straight live ” wmethod
from the first veur of operation. This amount should be reached by the fitteenth
vear when the annual contribution willl instead of 15 per cent on the gross revenue,
be equal to the regulir amount allowed for depreciation.  This method has an
advantace aver the counventional straight e or swiking fund artangement in that
no llcav}' charges arve incurred during the development period. when no calls on the
fund should be expected.  The first few payments depend on the revenue received,
which should be u fair indication of the proportionate part of the plant which is
being utilized and which aloue 13 therefore depreeiating.  The amounts allowed for
depreciation have been arrived ut by taking accepted useful lives of the plant,
penstocks, transmission lines; and buildings, but not including the hydraulic works,
The latter do not -usually suffer trom obsolescence, and the works, if property
maintained, will tend to appreecuite rather than depreciate. It mav be of interest to
add that it is usual, in simlar studies in the West, to take 1 per cent of the
invested capital for wunual depreciation and 15 per cent for operation and muaip-
tenance. In this report it will be seen that the amounts provided for the two items
are in cxcess of the conventional allowances.
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A supplemental Table 2-B has been prepared to show the financial results if
interest 1s charged at 6 per cent instead of  per cent allowed for in Table 2-A
But unless otherwise stated, the financial results referred to in the repurt are those
arrived at on the basis of a 5 per cent charge for interest.

It will be seen that, with 6 per cent intercst rate, the operating expenses and
interest charges can be met after the sixth year of operation. Tlcx,e accumulated
arrears of annual interest at the end of the tenth year of operation amount to
Rs. 14,41,620. Following the method preseribed for Productive Irrication Works
1n paragraph 560 (a) of the Madras Public Works Department Code, this amount is
added to the capital charges incurred on the scheme up to the end of the tenth vear
of operation, making the capital invested up to the end of that year Rs. 3.53 86.520
The net revenua derived, Rs. :3,62,000, will represent a return of 6-6 1,Jer,ce’ut-m.1
the capital invested. The scheme 1s also of a class which warrants the maintenance
of capital and revenue accounts. It thus satisfies the conditions of a ¢ Productive ’
public work.

In this connexion, 1t should be noted that the ten-ve
in Table 2-B commences from the first revenue producing vear as go:
year after the date of completion of the scheme Iwhich i;: of eourls: ‘;z{::“lftterthe'lf}; F.t
assumption tends to be rigorous, but even then a return of 6-6 1’01" cont i3 ass 1(115
Continuation of the Tables for the full ten-year period alfter the cﬁ;zz /eéio a\;re} ;
project, should show decidedly higher returns, precion of the

ar period taken intoaceount

8. Table 3 ‘gives the estimated capital expenditure by years,
demand, installed capacity and flow.

9_. Charts P-3—F1.P-~} AT, and P-4 B-Fy show some of the forecoing results ;
graphical form. It will be seen from chart P-4-A-F, that, with 5 ;er annt ; y tl U;
1uterest, power is sold at a loss for the first two years, but that by thé tentl :l -O °
favourable margin has been reached in spite of the fact that reductions ih tl _\.e:u' .
have becu allowed.  Chart P-4 B-Fy similarly shows the results \\'i:‘h 6 ‘.:'.l:lteg
rate of interest. It may be of iuterest to udd that when the whole Pyik "P({] (,e'ut
Scheme is finally developed, the average cost of a K.\W.H, <hould Lo l’e:f;“?l-. oyar
anna. This gives a good mdication of the possibility of cheap pmi'erhif th I )-alil o3
only be sufficiently developed. ie ioad can

10. The history of the Pykara Project is similar to that
electric schemes which are now highly successful undertakings.  Years wep
in prelimivary investigations and surveys, Financial interests were at ﬁrlte Spent
what shy, until a favourable decision was finally reached aud CUII\'tl"llct‘s S()F]Je-
started. ‘ : ton work

11. Daring the first few years financial sacrifices have to
bring the property on to_ a paying basis, but after that very
usually possible, which 1s also the cuse of Pykara.

12. Referring again to Table 3 doubt might be expressed
of ever obtaining sufficient load for such large generating ea
Tt is, however, not so improbable as it may appear at fivst.
forecast ouly takes into account the load whiech is actuully
the resulting increases, when once electrfication starts, The possibility of
industries being attracted by cheap power rates, the linking up of Maduus, ((‘)t ~[I“?w
Calicut and other towns, the further clectrification of the railwavs b‘v\"onél ;} ”t(l*lm‘
sections mentioned, pumping from wells for iriigation are p”ss'ibilit'feq wh"ﬁ lxr(?e
not been included m the extimatex, but which are almost eertain t, m';tor"lf‘»l P
should be taken into account. aternalize and

18. Regarding Madras there are no technieal objections to
from Pykara to the Port; the problem is purely cconomic,
special study, and it is believed that a practical scheme cun be ¢
ensure the arrival of eheap hydro-electric power within
ever, form the subject of a separate communication.

together with the

of many other hydro.-

b'e made in order t.
satistactory profits are

a8 to the possibility
pacity as contemplated.

Ite load and revenue
available at present, and

transmitting power
l'his is being given
volved, which would
a few vears. It will, how-

14. The outstanding advantage of Pykara is that it is a State deve
The direct and indircet benefits aceruing to the State from sucl, a l
well known that it is hardly necessary to discuss them here.

lopment,.
I scheme are <o
t must, however, not
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be forgotten that every pound of coal or oil imported into the Madras Presidency is
an economic loss if it can be substituted by hydro-electric power at the same cost.
It is also better to protect national ind_ustr;es by supglymg glleap power and losyen-
ing the cost ot production than by high import tariffs which always result ina
higher cost of living. The problem of uuemployment has bgeu given a good (19&{ of
prominence lately.  The initiation of the Pykara Seh1eme \n'll be the means of giving
employment to many, while the more extended use of electric power and consequent
industrial and agricultural activity must tend to provide avenues of permanent
emplovment that are not available at present. ‘ .

15. This repoit has been made as eoncise as pogmble for the convenience of
those who do not wish to go into much detail.  For those who require more
information sections have been prepared as follows :—

A. Power Demand and Revenu: forecast.
B. Rainfal!, Run-off and Storage. -

C. Tle Scheme.

These scetions form appendices to this report.

16. This is merely a preliminavy report, and all estimates and designs are
subject to revision aiter further investigatious have been made and final surveys
taken. It is. lowever. expected that if any changes are made, the final estimates
and revenue figures will tend to be more favourable than those now.eubmltted. A
report giving detailed estimates with the necessary technical discussions and detalls
of the scheme is now in course of preparation, but may not be ready for some
months owing to the time required to carry out the final surveys and other
investigations.

H. G. HOWARD,
19th Novenber 1927, Chief E'ngine-r.



Table 1 giving Load Details, Revenue, Return per unit, ete.
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Bth .. - .. 18,000 75:380
6th .. . c 12,600 89200
7th .. .. oo 19,300 &6-460
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Table 3 giviug Storaye, Power available and Capital expenditure.

e

Fatimated

Continuous puv e

Fatimated o Instailed®  demand at i i
Year capital | eapavity Puwer ;
o senditure. KW, housee . ) . )
o i KW, K.\ s N O \sal
i §
)
1t .. e 2 7,700 983 142
2nd . .. 2 12,100 £.000 ' 2500
3rd .. R N YR 1&g 7,559 wn g
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5th .- 7,00,20,000 2,600 IRATIE PR
6tn . B NI 0,060 2 Yo zon Tlte
Tth . Lo R20,70.500 30,000 22,000 10,550 ahuh
3.1 .. .o S 0,000 R 1,55 n1or
9th . “a 37,500t PRRY 12400 j 1o
10:h . o 5 37 od 25000 14,110 oh o
Full capacity .o B,72.15,800 67,5001 61,000 10,600 | 15000
(

o All wachinery iy capabie of a continuons overload of 15 per viat i 25 peroeent fog ta
~ et foy s

+ One spare unit of 7,500 K. W . allowed.
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Tod
F R
i
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T
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APPENDIX A —POWER DEMAND AND REVENUE FORECAST,

17. Unfortunately the scheme is somewhat handicapped at the outset, by the prevailing
" impression that power can be delivered immediately at rates, which are far below the economic
limit, and lower than it has heen found possible with most schemes, of the same size, elsewhere.

18. The present cost of industrial power appears also to have been generally underestimated,
and no reliable figures seem to be available.

19. The report of the Committee, formed under G.0. No. 2048 W, dated 23rd December
1926, was very complete, and contained some valuable information on the connected load in the
various districts, where it is expected to distribute power.

- 20. This report has been carefully studied, and a tour of inspection undertaken through the
more important districts. .

21. 'The information on power costs supplied by the various industries is however, in many
-oases, misleading, while the estimated minimum annual consumption of power cannot be expect-
ed to be reached until the fourth year of operation.

22. Qenerally speaking, the cost of generating energy in mills and factories has been
determined by taking an indicator card of the prime mover at certain intervals, in the cage of
steam and internal combustion engines, noting the fuel consumption, and from this data
arbitrarily assuming average values over the month. This is not very satisfactory and ofter;
results in very low apparent costs. However it is about the only method possible when the
output cannot be measured continuously. In order to be comparable with electric drive,
allowance must also be made for certain losses in the rope transmission, which may amount to
15 per cent or 20 per cent depending on the slip.

23. Fortunately a good deal of cost data is available for similar mills and factories in other
parts of the world, where it bhas been possible to carry out very accurate tests. From these
results a fairly clear idea can be formed as to the cost of power for local industries, when the
cost of fuel and supplies is known.

24. The Diesel Engine Users Association of England, a technical body formed to promote
the efficient operation of Diesel Engine Installations, in their Annoal Report for 1926, gave as
the average cost to produce a K.W .]:%., a figure ranging from 12 d. to 08 d. (107 to 07 anna).
The cost of fuel oil was taken as 90s. per ton. This embraced some 34 efficiently operated
plants ranging in capacity from 300 horse-power to 2,500 horse-power, but did not include
capital charges, depreciation, insurance, or taxes. Fuel costs are higher in Southern India. 8o
power costs will be higher. Steam engine costs would be higher still, with fuel of the same
‘thermal value, on account of the lower overall efficienoy of the engine, compared with an
internal combustion unit. These facts have only been repeated, in order that a better idea can
be formed, as to what power really costs here in the industrial world.

25. The aim in_England to-day is to supply large power users with energy at a penny a
unit (0-89 anna per K.W.H.). Very few are getting it now at this rate. It therefore would be
quite safe to assume that no large industry in Southern India, operating under normal
conditions, aud where the whole plaut and fuel bill is ohargeable to power prodaction, is getting
usable power ut an average rate, over the year, of less than one anna per electrical unit (075
anna per horse-power). In the smaller mills and factories the minimum cost of power will be
higher,

26, Some of the commonest errors made in computing industrial power costs seem to have
been as follows :—

(1) Assuming that the rated horse-power of the prime mover is the factory demand.

(2) Taking the demand, a3 given by the indicator card, as continuous horse-power., The
““running ”’ load factor of a factory rarely, if ever, reaches unity under normal industrial
oonditions.

(3) Assuming too high a figure for the ¢ working ” load factor.

(4) Allowing no diversity between individual plants.

(5) Ignoring the losses of the rope transwmission, ;which would partially or totally
-disappear when an electrical drive was inaugurated.

27. It is generally known that for a mill or factory with a nominal ten-hour workin
the annual load factor will be from 15 to 28 per cent, while the demand factor may
siderably, and even be mors than unity.

g day,
vary con-
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e fas(i };‘etfaesta}u:mce of more definite data, the following initial factors have been assumed in
Demand Aunual Joad
factor, faotor,
Class A Textile Mills (larger) ., 0'6 to 09 24 to 28
w B (maller) Do, 20 to 22'5 ‘
» C Rice Mills, Ginning actories, Presses, Do, 15 to 17°5
eto.
» D Miscellaneous (small power and lightin . D
» B Tea estates and agricultural g g) D%. %g ?i) g?)

29. Some of these factors ma y even be consgider
tend to gradually improve and most of them
seasonal nature of class C load, a certain amoy

ed high to commence with, but they will

will, in time, be exceeded. Op account of the
nt of overtime is allowed for.

Diversity Factor assumed,
H.T. Feeders

HT. Sobstations .. L 1 7 v v I2helds
Divisional areas . . 108
Generator to bulk supply

1-27 to 1:30.
In passing, it might be noted that the diversity between individual loads tends to raise the
system load factor.

80. The estimated revenue is based on the following rates for bulk supply at 11,000
volte :— '

Maximom Unit

demand rate Tate
rer K.wW, er

per annum, K.EV.H.

. RS, ANNa.

100—500 orse-power ,,, 75 + 065
500—-1,000 ”» 75 + 0-55
1’000—3,000 iH s see e so- 75 + 0.45
8,000 horse-power and up ... 75 + V'35
Rai]way vee ves ene ves 90 + 02

These tariffs would give an average unit rate as follows :—
38 per cent load factor. -

[ — e A

Demand. Per horee-

—_——

Average
power rate per
hour. Kilowatt

hour.

ANNA, ANNA,

100—500 horse-power ... w079 106
500—1,000 » o 072 066
1,000—3,000 ” . 064 0'&b
3,000 horse-power and up ... e v 086 075

To allow for development, the maximum wunit charge might be that corres

onding to 33
cent load factur given above. These rates have been adopted in the revenue ¢ ’ i per

omputations,
31. When the load factor improves, there will be a reduction in the rates

. as shown below,
where 55 per cent load factor conditions are assumed.

85 per cent

load faotor.
Demand. Average
Tate per
Kilowatt
hour,
ANNA,
100—5¢0 horse-power 089
500—1,000 horse-power T 079
1,000—3,000 horse-power 069
3,000 horse-power and up 0°59
Railway ... o o o 0-49

32. It is believed tbat these rates will be quite satisfactory to prospective consumirs, 49
they will permit of a considerable saving in their present power costs. 1t will be shown later
that at these rates, power will be delivered at a losq for the first year or so, but that
years, it will net ouly te pessille to make a profit, buta general reduction in ta
reasonably expected. This is most important, and should not be lost sight
lists, as the price of ¢il and coal will tend to increase.

after a few
riffs can be
of by the iudustria-

9

33. Tt will be noted that the demand charges have been made high compared to the energy
ohargesvin each elassification, in order to encourage consumers to improve their load factors and
thas benefit by lower rates. It is very probable t}mt after a more detailed study of the cost of

wer, thege rates may have to be somewhat modified and the demand rate probably based on

.V.A. rather than on K.W. The equivalent unit charges should however remain substantially
as indicated. Generally speaking these bulk supply rates should result in a reasonable profit.
for the distributors, and justify a tariff to the ultimate consumers at rates well below the
prevailing average.

34, Regarding the proposed rates for the railway company it may be of interest to quote:
the following :—

Average rate at

50 oent

" load taotor.
ANNa,
Chilian State Railways ... . o 0:64
Trausandino (between Chile and the Argentine) V76
Great Indian Peninsular Railway, Bombay ... O-.61
Paulista (Brazil) . . 0'56

8outh Indian Railway (pl:oposed) ver 053

In Chile there are extensive coal flelds, the coal having an average ther.mal value of 1%000
B.T.U. Yet in spite of this, a section of the State Railways has been electrified, and a consider-
al.))e'saving effected, with power at the rate shown above.

35. Based on the foregoing remarks and the Committee’.s Report (G.0. No. 678 W, dated
26th 11&1‘01??927) a careful forecast of the probable load, which it is possible to develop during
the first ten years of operation, is shown in Tables 4, 5,6 and 7. For the first three years
individual additions have been wade, for the fourth year a general increase of 1.2% per cent has
been alliwed, for the fifth 10 per cent, and for the last five years an overall increase of only
85 per cent has been assumed.

36. The figures are intended to be neither conservative nor exaggerated, but an attempt to
forecast the actual load which will be available during the first few years of operation,

37. Tn the onse of the Coimbatore district—Table 4. —it is expected that, by co-operation
with the Nilgiri Power fyundicate, about two-thirds of the estimated minimum demand will be
available the first year; but a period of about four months before _the first year of normal
operation is to be allowed for testing, changes: ete., d}mng _the initial conversion work,
Revenue obtained during this period has not been included in the income acocount.

38 At Madura—Tables 5 and 7—no provision has been made for thfe electrification of the
larger mills the first year. In the second year 15 per cent of the plant 18 assumed to ohange
over to electricity as an experiment, followed by further gradual conversion in the third and
fourth years and ending in complete electrification in the fifth year.

39. The railway load ia based on data furnished by the S8outh Indian Railway C.ompany.a:nd
confere.nces with the Agent and the Consulting Engineer. ) The company are not in a position
to guarantee this load at present, but the prospects of obtaining it and consxlierab}‘ more are
distinctly favourable. The Madura-Trichinopoly section and the Workshops at rlchmop91y
will be ready to take power in the first year. In the second year the 'DmdlgulTPodanur section
will come along and in the third the Podanur-Erode section. Aunual increases in the load taken
by these sections have been allowed on percentages varying from 25 to 6 depending on the
sections. It will be noted that the co-operation of the Railways is essential to the success of the
scheme.

40. No allowance has been made for any big new industr'ies which may be attmcted_ to.the
districts hy the cheap power, nor for the possibility of connecting up Calicut and other (‘!lst_rlcte,
The load of the Government Cordite Factory has also not been included, although preliminary
negotiatious with the administration at Amvan}(adu _Were very encowraging, and it is quite
probable that a rate may eventually be yuoted which will be acoeptabie to them,

41, When this forecast bad becn completed a few comparisons were made with areas in the
course of develepment elsewhere, and the following interesting figures were obtained :—

® Average of 12 Latin

American distriots Bangalore ® Pykara
in Chile, Argentine (excluding (ffth year of
and Mexico Kolar). operation),
referring to 1922,
K.W H, per annum per capita 40 to 140 120 56
Revenue per capita ... e Re. 147 to Ra. 26 Ra. 57 Rs. 24 ¢

¢ Excluding power for electrification of railways cr trame.
+ For 11,000 volts ; power at 400 volts would be abont 80 per cent higher,
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42. The above statistics tend to prove that the proposed rates for Pykara are very low,
while the estimated power consumption is also on the low side. . y

> AV It might be of interest to note
from the Committee’s Report (G.0. No. 678 W., dated 26th Marol 1927) that the increase iu
the connected load of some of the di

e districts under review sinos 1916 is
figures should appeal to any business man, as there is no doubt that ¢
will not only be reached, but exceeded, provided alway

) 8 that a consistent and euergetic olicy is
maintained by those responsible for the development. The sale of eleetrical euc:gv ig now a
highly specialized profession, and given a sales manager with the proper qualifications, manv
figures, which have been reached elsewhere, can also | :

. : . o beattained in Southorn India. 1The country
cannot be blamed if there is no apparent \mmediate market for hydro-electric K;wvr; other

countries appeared the same, until a start was made to develop the resources. anealore. as
already noted, is now consuming 120 units per capits, a performanee which reflects ;zr(?\t eredit
on the administration. If Bangalore can do this there is 1o reason whatsoever why Coimbatore
and Madura should not cqual it, although allowance is made 1 the forecast for a much lower figure.

43. Tables 4 and 5 are an analysis of the load expected in the various districts during the
first three vears, while Tables 6 and 7 show, in less detail, the

) the system load foreeast for the frat
ten years. The estimated revenue and average rate per nnit are ulso shown,

It is belicved that these statements are sufficiently clear to require no further explanation.
44. For convenicnce some of the results may be tabulated as follows :—
Table B— giving demand at the distributing end, revenue estimate

over 200 per cent, Such
he estimated consumption

and relurn per unil,

| - Avary
. i Fat ML oy
; Year of operation, ]¥em:o:nd l)xstn'l.utci m'i:‘ll;:?"gm retutn per
K.w. KAV. 1. bulk sus \ i K W.H.
| PPy sold.
Ll ; ll R H N .
s . i H, B ANNa,
cFust L . . . 6,760 22,548,000 B ul 450 0618
Second o) 10800 waseeo00 1 150300400 | goae
. Third .. 800 BT n000 1 222250 pags |
; },'\,‘nth 18,300 ; 85,495,000 26,19 000 \ 0812 ‘
' Fifth .. 18,000 75,380,000 284,600 ¢ ga10
' Sixth . .. . . 18,600 80,200,000 w2oom | g s
i ssventh .. . .. }9.&00 ‘ 8b,460,000 | 3L7v0m0 ot
Lighth . .- .- 20,100 21 000,000 33,3000 1 5;.4
: .\:mtg . 21,000 87,000,000 Hwoono G :
| Teuth .. .. eo .1 91,800 103,315,000 36,860,600 ; 0Ly i
Table 9—giving power house load details.
} —
|
. 1 1 A
! Year of operation. D(;(mtsd Gémz,“"'n -‘ 'li:ige Load tuctor
’ W W.H, j K\V ’ per ceut
{ ———
| —_—
i I«“im .. .. . .. ' 1,700 26,000,000 ' 2,850 o7 ‘
; bec_oud .. . o 12,100 43,700,000 | 6,000 4
| Third R A T 63,500,000 | 7950 0 |
! Fourth . . .. 18,600 73,300,000 ’ BR300 | 45 .
| Fifth . 20,600 ! 83,800,000 9 550 e |
| Sixth 21,200 89,200,000 | 19700 ‘8
Seventh 22,000 ¢ " é
: X 94,900,000 . 14850 45
Fighth .. .. | 9)4 101,100,000 | ‘
 Right 10,000 | 11,50 0L
| . 26,000 114,600 000 : 13,100 s
o !

45. In view of the preponderance of industril lond (b

the morning, but the lighting load at night will tend to improve the sy

46. Thisload forecast will be checked at intervals as further jufor
At this stage, howerser, it is not considered that, any useful

going more into detail, ]

prak demand wil)

prolably
stem load faotor

ormation becomes available,
urpode would be werved by

be in

Methods
47. As soon as the construction of the
negotiations must be entered into with the

48. It will be advantageous, at the o
‘ : , utset, to co-o orate fullv wi 1 eatl
~ . .. . X i
grant them a licence to distribute rlectricity in an ppes, 5hi(-h wauid m’.; this Jretation nild.
mund, and other towns in the Nilgiris, 'l'iruppur Erode Sale S Imemae tiadalur, Ootaca
It would be arranged that the ] o

construction of the Mc““l”‘l"i,"“m and Poilachi.
sion be commenced the last vear of ¢ mand work of mill couvers

that the minimum load shown in the f the first stage of the development, o

i o ured, from the stare
t . . y Costart.
49. Thej rahes.;;hxch‘the Nilgiri Power Syndicate world o b 1 tho
maximum permissible tariffs, would be such 88 10 render ) > charged for power, an
investor, yet not high enough to hamp wer the

er dcv@lopmum_ scheme altrictive to the outsrie

of Developing load.

H\ ¥ 1 3 . .V . o :
\&l}u_ng 13 uuth.»rlmﬂ. oreven tentatively appm"cdy
Nilgirt Power Ry pdicate. '

(hstrihntinn 8yate
he construction of ]

orecast would be 9

R 11
] d come
i t should ensure that the mills of Messrs. Stangs & Co. woal
in fro51% t?;l:t?\g? Zﬁfinil:zvosulfi be very munch in the interests of the Syndicate to secure asemuch
load as possible from the outset.

i i i d return ought to
’ 'nment might subsoribe 51 per cent of the capital, as a goo
b b5tfli.in£§ eor? g?iﬁ?estmen%. 8hould it be decided to buy out the Sypdmate later at 8 vahﬁa-
t'e ; lus a small percentage,—a clause to this effect may ba inserted in the }1cen9e—a further
wnﬁtl;) will be made on the investment or, in other words, the purchase price will be lower.
%rx?rthermore the Government, heing a majority stock-holder, could always influence the policy
of the management.

i Yov id the middleman’s profit, and
ight be asked why the Government should not avoid the ' .
dist isbzu.teI 131:?1 gso]l power, itself. It is believed, however, that in this particular casfe, private
exllsterrprise being ;-easonably compensated, will accomplish more in a shorter space of time, at
b
the outset, than Government.

i illi f the Syndicate’s Consult-

red, Government wonld also be willing to act as one o 3 !
in Igféiiierresql:ng Ehj whole endeavour should be one of assistance, rather than of obstruction
bygtoo many rules and regulations.

5. Official specifications and standards for distribution ne};-worl}r;s mfayéom o?:;{};tc&;isé
have fo be moditied to he more in accordance with Western practice, “i) ere vaegsto answgr 'nd
consequently construction costs are often lower, but which ex‘p('arlelnce as pr
purpose, and reduce unproductive capital expenditure to a minimum.,

T'richi istricts, it i ted that the develop~
ase of the Madura and I'richinopoly districts, it is expected that | '
mentbgf tIhlcla %:dclbou(l)d depend chiefly on a central Electricity Board, whioh is discussed in a
separate communication, or similar body.

56. Private enteiprise should, however, be protected and encouraged, always provided that
their sy.stems were efficiently and progressively managed.

istricts 1 ient for the Government to
- new districts it would probably be found more convenien D
t t5t{10 I(Ig:;]lc?;ment, After a certlain stage had been reached, the area could be admlmsteref,
?fagonsidered feasible, by a Syndicate or local agents appointed on a commission, based on the
revenues received,

58. Their work would be facilitated by certain fixed standards and regulations. For
inst ncé standard forms of construction and costs for all classes'o_f lmes,. transformer installa-
éps " ete., would be provided  Concise instructions as to coudltxong }vhxch wogld warrant an
el;t)tle];l’sion"of existiug lines, a complete set of tariffs to meet all conditions, and similar informa-
tion would also be given,

i i i i f the sale of
y , it would appear highly desirable that those actually in charge o 3]
poweigb:::ig:;farﬁis?n the rural 1c?i)stricts, be men thoroughly acquainted with local conditions,
and known to the leading residents.

60. As soon as it appears necessary, a commercial branch of the department will be orga-

nized. to deal exclusively with the problem of load development and power sales.

M:ill Converston Fund.

is i i 31 isti ills to clectric dsive
ortaut to secure the rapid conversion of all the existing mi -
Withi?ll t}f: l%;;: pviaars of operation. To facilitate this, a Mill Conversion Fund with Rs. 12:3
lakhs is proposed. . '
62. The Stanes group of Mills in Coimbatore, the Harvey Mills at Madura and certain
mills and factories helonging to Government and the South Indian Railway are not l')kgly to ask
for aid in converting their plant to electricity. It is agsumed that all thg other existing mills
(')ill seek capital from this fund and provision should be made for thls. Tqble 10 gives the
:pproximate capital cost of conversion under the different power groups into which the mills can
be classitied.

Table 10— Ml conversion costs.

) i Plant Approx}mat‘e‘ Cost of
" Rauge of installed capaoity. ‘ inetalled rate for 1 onversion.,
' | capacity. conversion. |
! b
i ] i
; R,P. | £ PERlH.E. £ o
¥ .. 60 | 7
RS PR D 200 | 15 10,500
Yite B4 L ; 1,800 | 12 21,600
Zoto 100 | 1.950 | 10 19,£00
16010 500 ., | 1,960 8 16.800
S o 2,800 ] 16,800
Su0 10 1.0 ’e ’ 1150 5 250
300 and up i ) ; e ,
e |
Total ' 10,700 .. 92,100
{ ! Rs. 12,30,000
1
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Fifth year.

, fifth and tenth years of operation,
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Fourth yeur.
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" APPENDIX B.~RAINFALL, RUN-OFF AND BTORAGE.

. i i ings, and
] ining the actual run-off is by river gaugings,
65. The only reliable metgo;l Q; i_i‘;e;fl:l‘ln ;% st invariably result in errors to a greater or
‘e103vqmIoyy uy pepnijouy any attempt at deducing ran-o rog'mes when the run-off of a catchn{ent mast be determlqed
1% wIo[¥g puw epory less degree. Nevertheless there are 4 t individual stadies over as long a period
eas degree, in which it is better to carry ou h
from the rainfall, in which case : i d avoid, generally, the use of formuls. ere
gsible, derive independent relationships, an kinds of catohments, but in checking one with
. g gsg §858 238 [g are a number of formulae published for difforent kinds )
3 . S S2S S8 D 288 Is are a number of form ; results are usually obtained. . .
$ - SRR : S8R 228 018 : another very contradiotory res flow of the Pykara river have been made in the past with
2 = v o - hlal-T . 66. Several estimates c&{htl;e ofotv]:ese are quoted as follows :—
_ . distinctly variable results. ree Eetimated ran. E‘tti;mt?ith Eetimated
. r~ d meal llow .
== i sz | gaes 38 18 | - . Authority. kbl storage. storage
33 z © DO oo o0 (=T _‘-ooge } O.FT
23 |z I " 333 M.C.PT, CUSECS. MOFT,
M = 2188 ’ :
- I 2 el ] @™ 3.000 85 Not given,
- ! w o ow SO0 X = = > = . S G Forbes vee e ses )\ 3800
5 : 838 | g3z sz 3 | Ay Mr.B.G. 860 65 ,
=2 :.; fgc-: M é:f.\l-'-aa'o Sm: | o x -'-§ P. Hawkins . res ..
;E‘ ‘ ) { ‘ ) ) !S ’ 58 3 B. D. Richards ... 1,750 114 to 173 6,000
P e coo | L Tr—— v »oT . : ject for the past two years and has arrived
o o cooce f Sooe 82z2 (e © g bert has been studying this subject fo p A b
! 2 2S238¢ BERS =883 182 .= r. A. W. Rober . : -off, This amount appears high
z < RN MR FIaT l ot l =3 g;;)rlziof 4,000 millions of cubic feet for thelmnln?l;mar:sx;lained o PP g
e = ’ ~5 AR z 3 ata ' ed as a basis for present storage calculations a
i | 24 but has been us : ds of Pykara and assumed the run-off as 50 per cent
T ‘o= -, ggsgsg 282 _l s | g2 68. Mr. Forbes took the rainfall records s )'e His results, however, were only intended
: 2 S53 : 8832 232 I3 s2 less 10 per cent for evaporation, etc., during storag into detail ’
§ 8 g e it 232802 5 be approximate, and no attempt was made to go : it is not clear how th
3 < s ) LR l = f; to be PPM H ’kins adopted methods outlined by Strangei, bl()itf 1t 18 DOI- e eﬁr 0:7{ \ e
~ l 8% 69. Mr. Haw I v however, no run-off was allowed for severa weeks, and it is
— ————— _*__,__._‘——\____ ] X n some years, .0
- - ’ e ™ I § £ results were obli‘;f:(;nedt hat the Pykara river is never dry. The figures of Mr. Richards deserve
3= ' R S5 e 83 I ° cheea | 32 common knowledge had wide experience in such studies.
= z © =< ' °ee . e e wTS82 | & careful consideration as he has ha 1 that due to the position of the Pykara rain gauge
Y b o oo | 58 . nelosion that due '
e e L | * g5z | 3% 70. Mr. Richards 08?"' t‘:'fg‘hczs registered, during the south-west monsoon, would be
D s 2 g2 | 282 g8y g | z X TR in the catchment area, tbe ra ; hment, while for the other months it would be more
- == ST R ] S S+ I %@ . L B . nfall over the cate s .
=z — NHD . "N HSm ST > 3 3T lower than the av erage rai . ds of rain gauges established on some of the estates
= = SRE =TTa TR R T | 58 resentative. By taking the records th ious months and the results plotted
<E | ’ £3 ’gr lgSSATePthe catehment, an average was obtained for the varion age rainfall for the ocatchment
- : —_— —_ j == - boraerin o L d" Th lting cuarve gave an averag !
: . . lags. e resu g Ay
g §338 )88 ] —— against t%let :;5 :;l;:s ;e:f thgt of Pykara. For determlnlp:; tit];e run-off he used arbitrary factors
N i =e I e 5? from 10 por cent to 80 per cent, depending on the rain Zl' lationship existed between the
‘ ae 2 0 hat a reasiynable relationship exis
o ___Tik o A S5Egsse 71. Tndependently Mr, Robertd i(}),indazg:d run-off. From the rainfall records of Terrace
g { 8§§§ §§§ g { ~ rainfali of the Terrace Tea qstatfi a;mnt-hlvg curves against thase of Pykara, and established an
: ’ Ziao SHe |3 Tiian since 1919, he plotted a S;Fes g that Terrace rainfalls prior to 1919 could be deduced,
. ‘ S el SR I average monthly relationship, s . f the river since 1925 were plotted against the Terrace
! - e B i 72. For the run-off, actual E}fugﬂ)gt:iged were usd for deducing the run-off in years where
L PR e 13 rainfall, and the average ratios thus d should give fairly accurate results and has been uged
This method s g
S £s2 S L e R gaugings were not available. Thi
sz ! e = : e =X L s imates .
== F 222 resent estimates. .
e ’ l < grs in the p tely river gaugings are available for the dry months over seve{)alhyﬁars while
T ® o cow e ¢ e E: 73. Fortunate .‘has bo rggularlv gauged. The flow has been detexl-lmmid k01;h ¥ bourreut
S5 BRI g I3 = 3 < since 1925 t}l? rltth(:' results checking within reasonable limits. As a farther ctlfct :he ;1) 8ervers
55 | E S " . " sty oer al;la(t]::cir;m two or three occasions ; so there is every reason to suppose that the OWs, a8
= B [l )
. = - s o % gg g ;EZidzd) m?e reasonably accurate. k f the only source of supply to a transmission
- oo PR -3 °.2‘.. . P a Torms eo g h
K §‘§§; 585558 | LT 74. When a power project such as P'yl ard ly up to minimum water conditions, and thig
= R AR (> S==F it is obvious that it should be developed only up ossible ; twenty is usual)
< g system, hould be determined over a period of as many years as pos ; _.Yh y
! ——————— e S, DQOM:S. minimum 8§ Ouf t: r : OD a second sourece Of pOWer bﬁlﬂg add@d to the S) Stemlr] e:lt ?]ra St(?a'm
— T BTN . ‘o 1de Oory. ¢ . : M y d1fF
| S Ty EETz E ge 58, conslc!cret(;tsi?:)gs::a h}ydro -electrio plant, situated in an gntlrel} d(lifiqrer;t ?;a::;n?)niiéatlle F;;glﬁzl
| = =g % 32 oo TEE g ellect{lga; be s:;fely developed to a point in excess of minimum conditions, h y .
! : . N e (S g 3 plan though the run-off of a catchmont varies widely with the rainfall, the latter is at any
s . < l X & 5 . fAlivrI)](;)ilclsﬁtion eas far as Pykara is concerned, as to the relative flows of the river each year.,
-z - =Sy e ] t, afe ¢ . . : ; it w
L Z _ ‘5 ! § 3 , SE| & - ._51 e 87; Rainfali rec;rds at Pykara are available since 1882 and l'fdtgese are tem:;l;nsg(’u:t Wéll'i 20
- B o £ £57F { o S= =3 B _ g 5 . Rainiall the driest year. If however the years are divide up into mon Periods
= g s zs l A REEE Y SxEc| 35 = o n g seon that 1918 was tl be found that the dry period was more prolonged in 1926-27 (December——
! = 20§ % :T) L OEs 5 % e2EL sl 8 sa 3 s and dry periods, it Wiﬂ reve?:n while the monsoon period for 1218 was the lowest on record.
e a T & £ E o x ErxoQ 2 .o . s .
| 2 S = ZE:3! E 8%f% < 513 5] E omgwgc | o = May) than for any other year, n arbitrary minimum year is taken and a hydrograph
- SEES l = §E.° 3 g’gg-; Y A gL s g g 77. For our immediate purpose :} 1918 and partly from 1926~27. This is shown on chart
s < 55881 © 2585 é..g,?"i-f §§§ w8 ] H constructed partly from the rmdmgst 0exi:sted in the forty-four years of which there are records,
g 3535 { <8%E ek ; KR -« - P-5-F,. Such condxgﬁms Ilt]::;nnl?ndoubt‘fdly be found economical to develop the scheme beyond
3 §2%.2 ! PR = o X,y bably never will.
S SEES SeEa REER il and probably neve t has been counstructed.
i = ) l NS CEEE) ' EE ‘?,:5;13 this arbitrary limit, once a second plan
i = == === oozl T

5
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78. For this hydrograph there are fortunately river gaugings available for the oritical
months—the dry period—but the monsoon months have to be deduced from the rainfall,

79. Dry months, January to May.—River gangings are avhilable for the dry weather 1926-27,
These were checked against the dry weather readings of 1917-18, and appeared lower,
having due regard to the rainfall registered at Pykara for the above years. Reference was also
made to the acouracy of these gaugings in a previous paragraph.

80. North-east monsoon months, Oetober 1o December —Pykara rain gauge should register
slightly higher than the mean catchment rainfall. The readings, deduced from curves, and
used for the hydrograph, are lower than those corresponding to Pykara.

81. South-west monsoon monthe.—The rainfall and run-off figures had to be deduced accord-
ing to the methods previously outlined. The deduced catchment rainfalls are usually bigher
than that of Terrace for beavy rains, and lower for average rains. Further investigations may
show that the corresponding run-offs are too high, but this .ig of no great importance, unless a
large proportion of the whole catchment rainfall is to be utilized.

82. For such low drafts as are to be expected in the first few years of operation, it is not neces-
sary to analyse the run-off, during the south-west monsoou months, very closely, as even the driest
years will supply more water than needed. Itisonly when considering draw-offs of the
~ order of 100 cusecs and above, that it becomes necessary to study the flows, for the south-west
monsoon months, more closely.

63. As it is proposed to continue and extend the gaugings of the Pykara river, construct
additional weirs and establish more rainfall gauges, there will be plenty of opportunity to check
any figures which may be arrived at now, and the plans, if necessary, oan be accordingly modified,
?iince it would seem that several years must elapse before the load will require very high

raw-offs.

84. From the hydrograph P-5-F, were prepared Table 12 and chart P-6-F, giving
the storages necessary for different power draw-offs. Table 13 below gives the storage
requirements to meet the power demand in the first ten years of operation.

Table 13--giving storages required for the first ten years of operation,

' | . . !
{ Demand at | Average Average btorage required. |
Year. Power Load, Power| continuous
Hounse. House. draw off. N .
‘ et, i (3roms,
i 1
! K.W. | -K.W. . CUHECH, u.C.ET, I xear, |
. ; ‘ .
: ‘ |
First .. .. . 7,700 2,860 | 426 1 . ..
Second .. . o 12,100 | 5,000 | 26-00 87 £0
Chiri .. .. . 16,900 ! 7,260 | 3623 186 230
Fourth .. .. .. 18,600 8,360 4176 250 i 310
Fifth .. .. L 20,600 9,650 | 4776 840 \ 110 !
Sixth .. . . 21,200 16,200 . bl-00 370 480
Seventh .. .. .. 22000 | 10,850 : 5426 | 420 520 }
Eghth .. ... [ 42900 1 11,660 | 6776 0 | 580 |
Ninth . e 23,300 12,300 61-50 530 | 660 i
Tenth .. v 25,000 | 13,100 | 8560 600 l 730 i
| ) |
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APPENDIX C—THE SCHEME. )

85. Assuming that the load and water estimates are accepted, the method of developing the

Project can now be decided.
86. It is apparent that Pykara must be developed for such capscity as will involve the least

initial expenditure, and reduce the immediate unproductive part of the installation to a minimum.

The fixed chargea are thus kept down.

n mind, the possibility of abandoﬂing the original scheme, and developing

was examined. A hrief study sufficed, however to show

87 Bearing this i
the power in three stages over the falls,
that this method would not be as attractive as the scheme now recommended.

88. Efforts were then made to devise more economical alternatives ,to the various parts of

the original scheme.

89. The results of these studies indicat-d that, in general, ow}ng to the nature of the ground
in the Pykara catchment high dams could only be coustructed at a very high cost, whereas
conditions were much more favourable for lower structares, and the required ambouat of water

could still be stored. '
When it is realized that, given cqual conditions, two 50 feet masonry dams of the gravity
type can be canstructed for a much lower eost than one of 109 feet, the economiecal advantageis
obvious. It was also recognized that the storage requirements could be considerably reduced
duaring the first fow years of operation.  Kstimates for the Power House are lower, due to a
wmodification in the lav-out, while the initial expenditure for sub-stations has been reduced, due to
the pastponement of the installation of the majority of the synchronus condensers, and the

adoption of a very simple drsign. :
90. T'he estimates for manv of the items under Hydraulic Works have unfortunately had

to be increased so that the overall cost does not differ very much from some of the estimates
recently submitted. The capacity has. however, been nearly doubled and the unit cost is lower.

Table 14 ives the cost of the scheme for various capacities.

Tahie 14— Estimate of costs.
For various stages of development,
| |
— ‘J Sage. l A i B 1 C ‘ ) B
‘
Hydraunlic Works .. . .. Rupees in 55827 84136 119:4:6 l 153:436
lakhs. i 363023
Power House .. " 70653 91'959 126-732 | 156-687
Transmitsion lines .. . Y 93580 121-603 222503 | 302:503 310-923
Sub-staticas and bulk sapply ecom-. 15-400 40490 53:000 | 60640 85-640
eontions. ' ’
Total 235°490 338379 620671~ 672-166 146586
Instatled eapacity K.W. 22,600 37,500 62,600 | 67,500 ;'/:—6;)(;“
Continuot+ . L - 5,‘209 15,0(_)0 26,000 | 30,000 50:000
Flow . . .. .. i Lusees. 26 1] 130 150 150
Average cost per unit at Power House  Anna. 083 0412 0-386 0-410 ® 0270
if fall capacity is utilized. i
Unit cost per K V. installed Rapcees. 1,045 905 923 995 85

After completing A and B stages it may be found desirable to develop another projeet before proceeding with C
r

D and E.
* The average cost per unit rises at this stage due to the heavy exyenditure in eonnexion with the Madras Lincs
Stuge F inoludes Moyar for which a tentative estimate of Rs. 60 lakhs has been allowed. *

91, A brief description of each part of the work is as follows :—

Dam and Reservoir.— On referring to Table 13, it will be seen that our storage requirements

are comparatively low for some years ; hence the consideration of high dams and large storages
. s N . . o

must be avoided where possible ; otherwise there will be fixed charges to be met annually on

\

unproductive works.
92, A careful study was made of all the feasible storage schemnes, both large and small,

in the Pykara aud adjoinirg catchments. It 13 unnecessary to enumerate them all, nor the
combinations which are possible, but the conclusions arrived at were that subject to the results
of detailed surveys and a further study of the run-off, the most economical developments aud

6
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those best suited to our needs, based
this report, were in the following ord:: ;.Ehe load data and bydrograph shown in another part of

Year. Reservoir, mf?‘,ﬁ’gf Equivaleat

‘ cubie fect, Bow cusecs.
First ... Forebay and Glen . 105 ;
Morgan. 26

Third ... Parson’s Valley. 350

Sixth e« P&thumund. 459 f?
‘When needed ... Makurti. 1,050 "
Do. o Sandy nalla, ,450 :;U
Do. ... Pykara. 1,200 1")1(:

93. If the load factor of the system i
. : 1 83 m improves at a greater r: .. . .
found economical to develop Moyar at an earlier stage, asgite istéss:-?ni?rltll;'a? }z::ste“.llémivdln ;;““ be
! au plant,

94. This programme can alway
3 programi i vs be speeded ;
and further histigntions in the Suld WarI')mnt 3 up or may be modified, should load conditions

95 It will be seen that there is a t
: s 3 a total storage 1 ' NI :
sufficient for a continuous flow of over 150 cusecsg possible of 8,600 willion ¢ubic fect which is

96. However to ensure conti i
. : ontinuous flows in ex :
. cex .

vear, requires storage to be carried over from oue y:mf)ft 130 Ltu;ces, b{:;ed on the minimum

economical, since the wate . . . 0 another, and this i

€ L, e ater may only be required cnee in a period e o 'd 8 not always

i.e., at periods of extreme drought. xtending over several years
>

97. For the present only the develo F

97, ] the development of storages up to : ¢ ) a3

feet }x)s bltl‘lllg ﬁg?llslrcfl‘ired, as fd}h', will ensure that the W?lol(? (})}f ft),h? tn?fgl-of?ft ,~,'1OU n-nlbh(m cubieo

can be utilizad, The possibilities of the additional storage must not howc“’;‘ét lxmtnu}n;;u )f*ear
"er be lost sight of,

9§. If the plan of the general scheme P1—F1 i
; ) —F1 is referred to, it wi
Ih)ﬁ[‘?}zgan :31’1;‘(111 . ‘S'n‘ndbv‘_nalia-v Reservoirs are fed from er;tit;'e:l‘_;v d?ifel:‘c::“w}?\et ~s‘)1(.ndthnt the Glen
Pykara. is is obviously an advantage, and ensures that the Forcbay eay eiveds to that of
independent sources. ebay can be supplied from two
99. If the Sigur river can be diverted in
B { to the Moyar bay. S .
possess the additional advantage of allowing Moyar to 0)“1‘;_‘7'1:;0:;:';‘?[)’1 Sal“d_‘; nalla Rescrvoir will
Pykara tail race water, should it ever be nccessary able load, independent of the

30, T iti A :
minir:)(um mhlf_o%?lz’afcétals; :ft ’ilhe various reservoirs have been determined from the est] :
. atchment area. All figures have, however, to b e cstimated

surveys and observations, ! r, to be confirmed bv final

101. For the first two years of operation, th > , .
GGlen Morgan .B{eservoi_r and the Foxl'tﬂhay_ ’A \Sageﬁ:r};‘;l\) Btl())(f;%“fo‘::lltlh}.)e derived ttmm the
permanent bmldm'gs, is absolutely necessary, also some nn-:lns of reoul ¢ construction and
P.v?;ar_a River, du,-mg_the dry months, for the Auxiliary Power Scheme aul?tn;]g th‘e flow of the
basin is 2losed by a 50-ft. dam the yun off of the minimum \.—(.M ':l;o ¢ 1;? ('!e‘,‘ Mﬂrgﬂp
f.t, san be stored, and a water-supply and regulating rescrvoir provi Jed ich s lon, cubio
both during the construction period, and afterwards for regular E})Cl‘l(lt(io‘ which will be of value

102. The water from the Glen Morgan Reservoir will be conv e
aqueduct 3,000 feet long having a e:\pac%t_\' of 100 cuser:,” blgr(cﬁ'[;:i%\lf(j\ :lol t'\l;' I;Orcbay by a short
water to t.hos? people who now depend on this stream for their “"t..‘ .su ne_madv to supply
enquiries indicate that this should be less than 1 cusee during the dr ater-supply.  Preliminary
will not, however, be used normally for power generation, after ”w ﬁiﬂntm,mhs' [bis rescrvoir
emergency. st two years, except for an

103. The Forebay will be constructed fer a capacity of 60 million cubic feot mak; ik
? akmy, wit ’

the Glen Morgan Reservoir, a total available stor "105 milli
s 81 avallable age of 105 million eubie fr The
for the first two _ve.-.tr_s‘of operation. By the third year the p;nw‘]);}s“\l"bn]]cl fi'“t“ Ih}s'm“ suffice
comp‘leted7 adding dob. million eubic feet to the total. No further provi V. Reservoir must be
the sixth vear, when either the Porthumund or Makurti dam de}ivnd'win need b made vntil
should be finished. » dependig on load conditions,
104, To previde sufficient storage to ensure a i
el s > a continuous tlow of 130 ¢ugres. ; -
the \’:iholt‘ run-off of the minimum year, both of the above l,'mimm‘““j Tn‘:;”'\(lf:kf”ld.th\ls utihize
the §an@y nalla oue have to be constructed.  An aqueduct from the t\md o lii' urtl d«'llfls and
municating with the Glon Morgan basin is also necessary. The t(,};ﬂ] b nata Reservoir com-
will be 2,400 million cubic fect. ’ storage then available
105. At this stage it will probably be found feasi
. ; ably be asible to develop a o ) .
retarn to Pykara at a later date, when the maximum Capﬂ(&it; ‘:Ii(f)*ll;tﬂll)gt(}ll;:/e}l)ggés preject, and
ey .

106, The writer has not yet investigated the Moy ject i

N . Th 3 stig: . var Project in the fie ‘ i

itis a prach(:l]‘schenw. the Pykara- Moyar combination \wj'()nld apltn-;:;»“}; hl{f. woauming that
capacity of 107,000 horse-power or 80,060 KW, T ultimate

28

107. The hydraulic development, by stages, might be conveniently set out as follows :—
Table 15—Hydraulic development by stages.

Continuous power, Peak Load
Btages.
K.W. ‘ Cnoseos. K.W. ' CnBecs.
[ First .. oo oo 5,200 26 22,500 125
Beoond . . 10,000 50 30,000 150
Third.. .. .- 15,000 75 30,000 150
¥ourth e e 26,000 130 45,000 225
| Fifth .. . 80,000 160 60,000 300
| Sixth (Moyar) 60,000 150 80,000 300

108, Diversion dam (Pykara).—This is to be of a design which has proved satisf:
under similar conditions clsewhere, and will ensure that tho intake is keptpolear at allsl av(:'t:tg

levels, and that the course of the river can be controlled.
{ —The intake will be redesigned, so that floods will affect it as little

109. Pykuara oqueduc ‘
duct will have to be lined, and a short tunnel driven, in order

as possible, A section of the aque
to make a safer flow line.

110. Forehay —This is substantially as previously laid out. The water level and the earth

The extra capacity is not necded, and the lower elevation

bunds will, however, be 10 feet lower.
nd to reduce the seepage, although a certain amount

will ensure a less costly basin ; it will also te
is to be expeeted, owing to the natare of the ground.

111, Headuorks. —This structare is to be of conventional design with gates and racks. The
water will then be conveyed through a t}mnel to the valve bouse and surge chamber. In the
tapnel two €07 riveted pipes will be laid to a header at the valve house. Unly one 60" pipe

is necessary for the first few years.

112. Penstocks.—From the header two penstocks eventually four—will convey the water ¢
the power house.  They will be cquipped with automatic butterfly valves and venturi metero
The capacity of each penstcok will Le 75 cusecs, the diameter varying from about 87" tol?ﬁ’s’.
and the velecity from 10 to 20 feet per second. The profile of the penstock line is Somewhaé
disappointing, invelving a large numiber of bends, while the ratio of length to head is high. It
is also unfortuvate that the slope is more gradual when nearing the power house where th
thickest and most expensive pipes are to be laid. Tt is hoped to partially overcome th e
disadvantages by adopting a bigh velocity for the last few sections. This subjeet will be fy ‘lelse
discussed later in the technical report, At the power house each line will feed two 7.500 KJVV"Y
units, while a selective feed, from either line, will furnish water for a spare unit, A’ltern tve
Jocations for the penstacks were considered, particularly with a view to obteining a sh:,lve
gracient for the sections pear the power house ; the original or Richard’s line, however 1;;16111'

)

appears the best.  Furtber investigations are being made.

113. Pcwer house.—This has not vet been definitely located ; but the ground, in the vieinj
of a possitle site, has been cleared and exploration work can now proceed at a qui’cker rate m’l\gy
diffienlty is anticipated in findinz 8 suitable site.  The building will be a steel structure e
masonry filling an:d coucrete foundations. re with

111, Iower house equipment.—Provision has been tentatively made for five .
K.W. penerating units for the first ten years, to be followed by two 15,000 Ig(.)%\e’ Siiig) /:i“)()
the load wavrants it. The geperators would be wound for 11,000 volts and be ca ab‘; ol
oppmting at 0088 P.F. Tbe}' wogld n]§o Y?e suitably designed for stability at highplells' of
currcnts, and be equipped with special excitation systeme,  On account of the small load de( 'mg
during the first few years, it is necessary to have comparatively small units at first otherwinfdzd
machines would he vnderloaded and be operating very inefliciently most of the ti’me InSt f] e
to provide sufficient spare unit ecapacity economically, the size of the machines m.ust al‘f" er
limited. In this connexion it should be remembered that the load, at certain hours of th so bo
during the first two vears of operation, may be less than 1,000 KW, and a large t?llillg}xt,
operating under these conditions will always tend to instability. On the other hand f0§ éu rl'lator
extensive transmissicn system, the units must be as large as possible, in order to t=1k’e oar Cf an
charghiy KV.A. Jtis considercd that 7,500 K.W. is a compromise, and will bé more f:u({t. tt)l}e
for the earlier stages, and 15,000 K.W. when the scheme bas riached a moro advanced gtt: able
development. The power house lav-out on which estimates are worked out is shown in gg of
P-7-F1. . . art

15, Trausformers.—These will be three phase units, installed outside wi o
l»renklcrs. A suitable steed structure for mounting the I 7T. bus bars ea&l{thdgéo'l‘. cirenit
switches will be erected. nnecting

116. Permanent buildimg~, transport ard power—Tt is proposed to locate the buildings ue
car

the forebay and at the head of thq falls. Tbroa small houses may be constry i
ower house, for temporary ocqupatlor) as occasion demands, hut theystaff Wilsl 1::5(;;1 I}?m t,he
near the headworks.  The estimate s based on buildings which bhave been foundtlréczs live

ﬂ.‘l]'y

7
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on similar projects elsewhere. It is proposed, however, to enlist the assistance of the Dep.artr
ment of Roads and Buildiogs to draw up final plans and estimates for the houses, The questions
of trausportation and power for constrnction parposes have also been studied, and will be
discussed in a future report.

TransMiss1oN SvsTEM.

117. VPollage—110 K.V. has been adopted for the main transmission voltage. The load,
for the first few years may not appear to warrant such a high voitage, but the distances are
great enough to reguire very heavy conductors at a lower voltage. For the btranch lines, 66
K.V. has been chosen and 11 K.V, for the feeders. The towers on the 110 K.V. lines between
Pykara and Coimbutore may be designed for 132 K.V. It is fally expected that it will be
found economical, after Pykara has been operating some years, to change the voltage of part
of the system to 132 K.V. Tt is also highly probable that Madras and the Malabar coasts will
eventually be connected to the H.T. system. Sketch No, P-2-I; shows how the trausmission
system should develop in a few years and also indicates the present or minimum programme,

118. Routes,—The routes of the lines which are to be constructed in the immediate future
are substantially the same as desoribed in other reports. A reconnaisance survey did not
indicate that those routes could be improved upon. The Madras lines, when constructed, will
probably go along Moyar valley to Batyamangalam, and thence to S8alem and Madras.

119. Rsyulation. =This will be fully discussed in the Technical Report, but reactances will
not be necessary at the power house, and it is doubtful if synchronus condensers will be needed
at the outset. The estimates have, however, allowed for one 5000 K V_A. condenser unit.

Substations.
120. These have been tentatively decided on at the following places:—
Coimbatore. Trichinopoly. Tiruppur.
Dindigzal. ‘ Pollachi, Erode.

Madura. {

121. Coimbatore and Dindigul will be the ouly 110 K.V. substations and will transform
down to 66 K.V. and 11 K.V. Secondary transmission lines at 66 K.V, and distribation feeders
at 11 K V. will radiate from these stations. Coimbatore is also to be equipped as a H.T.
sectionalizing station, while all necessary .conde‘nser capacity will b: installed at Dindigul for
some years to come. The remaining stations will serve the railways at 66 K.V, and transforr .
down to 11 E.V. for local distritution.

122. The Nilgiri district may be fed for some time by 11 K.V. feeders from the Pykara
wer house, unless the Government Cordite Factory decides to take a substantial blook of
gwer. To ensure oontinuity of service it is highly desirable that the main transmission lines
be tapped as little as possible, and then only at large load centres.
123. Efforts are to be made to standardise where possible on transformer sizes, 80 that. the
cost of spare units can be kept low.
The estimates have provided for all 1}0 K.V, 1ynits to be of 3,000 K.V.A. ca acity. The
66 K.V.1! K.V. units will, however, be in three sizes, 3,000 K,V.A:, 1,000 K.V.A. and 500
KV A. Certain distribution fecders have been included in the estimates, but it is rxpacted
that much of this work will be undertaken by the local power syndicates, with or withont

Government assistance. o '
124. The preliminary estimates are given in more detail at the end of the report (Tables 16,
17 and 1.8) and as mentioned before, the final estimates and designs will not be ready for some

t‘m9-125 It will be noted that the contractors’ fee of 12} per oent has been included. If the

: by contract, it is quite possible that the general expense accoun! would have to
work 18 nmid}? nihiz amount. Certain additions would have to be made in any case to all items
:thgﬁrfna:?ﬁdey machinery and equipment purchased abroad, in order to cover purchasing fees

and inspection charges. | . '
tractors’ fee inoludes all expenses in connexion with purchases and inspection,
enell'fls~a<'ir1rl:ien(i,:tl:'al;cion, legal and engineering charges, also the working plaus and drawings,

m Government designs and specifications. | |
127. The main items included under local general expenses may be cited as follows : —

Transportation.
Construction Power costs._
Light and Telephone service.
Engineering. s
rary camp expenses.
gem%‘i anﬂ Travelling allowances. .
Office expenses (Time-keeping, costs, audit, ete.)
General Administration charges.
Insurance, Taxes, Hospital, ete., eto.
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128. It may probably be fonnd convenient to devise, with the co-operation of the Ascountant-
General, a new system of construction accounting.

129. Construction programme.—If the scheme is tentatively approved, and while the final
‘surveys are being carried out and the plans and estimates drawn up, negotiations may be
started with the Nilgiri Power Syndicate, and the South Iudian Railway with an idea of
coming to a provisional agreement regarding the future supply of power. Communications
with the Power Securities Corporation may also be established.

«- 130. In the field, a start must bé made on the buildings and roads, the acquisition of lands,
the  provisional power“supply, temporary camp, water-supply, ete., while orders for machinery,
construetion tools and equipment will be placed, subject to the final approval of the scheme.

131. If official sanction to the scheme is obtained by July 1928, it will probably be another -
year before all the preliminary work can be completed, and serious construction work started.
This being the case, the plant should be in operation by August 1931. Care must be taken !
that no part of the work is unduly rushed, and costly structures or installations allowed to'
stand idle for any length of time, due to some other part of the works not being ready. This|
only piles up the interest charges. and makes a more costly jobin the end. A detailed eon- 5‘\]
struction schedule will Le eompiled after consultation with the Railway Engineers and Power /
Securities Corporation, and once approved, it must he strietly adhered to.

132. At this stage, it would be somewhat premature to make any recommendations as to
whether the hydrauli: works should be construeted by the Hydro-Electric Department or by
contract,

133, Owing to the agreemeut with the Fower Securities Corporation, the power plant
transmission lines and sub-stations must be constructed by them, and the writer has satisfied
himself that this Corporation possesses the facilities for undertaking the work satisfactorily,

134, The Hvdro-Electric Department will, in any ecase, undertake mueh of the preliminary
work, draw up the plavs, specifications, and estimates for the whole scheme, and carry out the
usual inspection work, J

TarLE 16,

Fstimates for Hvdraulic Works.

—— e — R

Year | .. . e .. . .. oo 1nt 3rd tth :
— . - | J' — .
Installed capacity K. W, . 22,500 ! 22,500 | 30,000 When 1eeded
e e e e = — ——— — e ‘_,__ ‘ '
Continuous K. W | .. .. - R . 5.200 ]‘ 10,000 15,000
e — ——————— e
f | _—
Rg \ /28, RS8. ! ks,
Parscu®s Valley dom. 250 1 .c ft . 6,50,000 | R ‘
Porthimund River dam. 450 m e ft ._' [ .. f 10,00,0c0 |
Mukurti P I . e . . : = . £0,00,000°
Sandy nalla .. .o 4hn0 ). . .. .. . ‘ . .. f 15,’00),000‘
Pykara i ) 1,200 .. .. . .. i 34,00 060w
Diverting dam and intike .. . .. 2.40,000 | . ‘ ..
Flume .. .. .. .. . . .. 247,000 ! i
Upper dam at foretay S . . . L 1,465,000 ‘ i
Glen Morgan dum rd flume L .. .. NG00 ; ‘
Lower dani at foretuy . .. . .. . 1.40,000 | i !
Spillway . . .. . . . . T0600 | ‘
Hendworks and Peret ¢k turie . . 1,60,000 ,’ ;
Permanent huildings uné services .. .. .. 7.00 000 |
2 —— —— e e e e |
) o - Subetotal L. 20,758,000 6,50.000 | 10.00.0¢0 1
Contingencies, o per cons | .. . .. . 1,038,700 ¢ 32500 | 50,000 |
Corstruction plant aud too's .. L +,10,000 70,000 | 50,000
Tempoirary camp . .. . . . . 250,000 60,000 | ﬁ(;:Otl(» r
L cal general expenses .. . . .. oo 3,81,000 1,685,500 | 2,32,600 ;
e e
o Sub-total .. 3217700 | 8,61,000 13,62 000 J
Contractors commiission, 124 por cert . e 4,602,200 . ' ! o
N i ! - H M
- e — ——— L _
o ) Saketotd] L 36,1900 ! ERANIT 13.42.000
Auxiliary power ecbem. .. . . . 4,32.80¢ o ! .
i{‘o:ﬁls and }‘n]dgi‘tl e . .. . ] Aﬁf\f‘.-‘“O ' 40,000 | £0,000
and and prelinanary wor - , . .. 3,00,000 50,000 50,600
) ‘_ _’7,,____,,,v7 A———— — '*«.-—‘__ D—— —— e
. Suotetotal L0002 700 160,51,000 | 14,992,000
infercat at 5 par-cont . . .. .. o 5,850,000 { 1,31,400 | 1,86,£00
Grod total SO.BLTO0 L M11LE2 {00 167R.500 69,600,000

—_—

* Estimated total oost.
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TaBLE 17,

Estimates for Pen-stocks and Power-house.

Year

Installed capacity K. W,

Continuous K. W.

Pen-s-ocks ..

Incline Railway ..

Building and Tail race
Turbines and Governors
Generators and Exciters R
L.T. Switchgear and accessories
Auxiliaries and fesders .. .
Crane, piping, repair shop, ete.
H. T.Switch;ear and <wccessories
Trausformers .. .
Ontdoor structur: ..
Contingencisa—5 per cen:

Sub-total
Construetion plant and tools
Tewmporary camp

Local gensrel expensas ..

Sub-to‘al

Con‘ractors’ corumiseion 123 per cent.,

Total
Interes: a‘ 5 per c2nt

Towal

. [ 1at ith ‘ 9th When needed.
.. l 22,500 0000 | amson - sapw b 87,500
— -1 — ——— { l___ ——
v [ .
. t 5,200 | 10,000 16,000 | 26,000 30,000
| |
i
49 81108. 1 RS, ! RS, R9. 13,
l 22,80,000 ‘ 14,00.000 11,00,000
. 1,650,000 .. ; .. . ' ..
ool 4,00,000 2,00 000 ! 1,00,000 2,10,000 2,00,000
.. 3,-':9,000 1,39,000 1,20,000 1,41.000 )11, 000
+,23,000 1,145,000 1,346,000 2,231,000 2,731,000
1,25,000 40,000 10,000 18,500 145,500
1,20,000 25,000 26,000 29,660 9,600
1,30,'100 30,000 30,000 30,600 31,000
2,95,100 55,000 55,000 80,800 84,800
2,25 ,000 85,000 8{H. 000 1,209,000 1,249,000
87,000 16,000 15,000 15,500 15,600
231,900 35,300 30,300 1,186,700 1,068,700
45,37,000 7,61,300 6,395,300 24,60.100 ﬁmloo
. 200000 50,000 | 50,000 75,000 75,000
i 1.00,000 25,000 £5,000 40,000 43,000
i FRIENT] 1,20.000 1,00,c00 2,50,000 2,560,000
i B o T — — e —
58,34,000 9,56,300 8,10.300 24,15,000 24 85,100
7,04.300 1,10 500 1,01,300 3,52,000 5,10,600
63,35,300 10,75,900 9,11 500 31,67.000 27,465,700
| 7.20,000 ! 75,200 63,100 211,000 1,A9,%00
PR (U, JE— — - U
70,6% 300 ‘ 11,532,200 ‘ 974,700 33.78,100 24,85,600

Notz.—1. The machinery would be capable of « 15 per cent continuous overlod and 245 per cont, for two hours.
2 Tke cost of the Moyar scheme fur 20,000 K. W, hag been tentatively estimmated ut Ry, 60,00.000.

TaBLE

18.

Fstimates for Transmission lines, Sub-stations and Distribution lines.

Yeqr. ' i

After the

4 : 5
: ’ v o tenth,
; N ! i | !
i RS, ES. , RS. RS, RS i Ks B=. RS,
Trunswission lines, 1 93,568,000 6,77,300 1+ 15.83,500 .. 2,775,700 . 27700 1,842,060
Sub-stations  ard 15,40,000 6,09,Cu0 | 3,16,000 . 0,68,000 227000 | 372,000 517,000 25,565,000
balk ;«uppiy . | |
connections, 1 ‘ |
Tota: ) 1,08,48,000 11,885,300 15,749,600 © 5,868,000  5,02,700 | 3,72,000 7,024,700 2,145,647 ,000
Noto. - It i= escamed thut most of the distribution Hnes wrd tecdac will te constructed Ly distiituting bodies. 1€

undertaken by Goverrment the increased rate Ler the snader blocks of power shon!d cover the cort of lceal

devalopmen:,
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