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Jmosmmme v R , . o - . ‘ Reap—the following papers :— ‘ | | .
| | [ T G0, dated 30th March 1892, No. 213, Public .
o e Read—the .followi‘ng letter from A. CHATTERTON, Esq., Professor of Engi.

neering, Madras, to the C / of Secretary to Government, dated 28th January
1892 :— - ' B

o I have the honour to forward herewith, for the information of Government, two
o ST IR copies of a pamphlet entitled ‘“ Proposals for utilizing water-power in Southern
S S : : India ”” which I have lately drawn up, I may add that I have placed the proposals
: before certain persons in London with a view to the formation of g syndicate of
sufficient financial strength to justify it in applying for a concession of the water-
power. In reference to the deposits of corrundum mentioned in the paper, I would

Cugrgent No. s e

STATEMENT WITH DITTO. S SRR ST e . . "
: o S o 1o 1 T ST T alone. I would therefore submit, for the consideration of Government, the suggestion.
s ' that an officer be appointed to examine the deposits in question, to collect fair

o - B I B T - commercial samples of the minera] from the different localities in which it is reported
- o : - » to have. been found, and to determine, with some approach to accuracy, the possibility

R - S P R R of any important vdegrglop.in_ent_qf corrundum mining and the probable extent, which
o AA e : ~ such development might reach, S

OrpER OF GOVERNMENT.

» coo T I R A ' - © Excrosure.
“Proposals for utilising teater-power in Soutlern India,

Lxrree or Govnm\u»n"r-r N o BN - s -, Apart from the actual amount of power obtainable from a waterfal] its value, as a source
. : T of motive power, is dependent upon :—1, The constancy of the supply of water which it is
| proposed to utilize. &, I'he convenience or otherwise of itg situation. "3, The capital outlay
— _ R SRERTR 1 R _ R .. Tequired to render the power available and 4, The Possibility of being able 1o usefully employ
: L - - . e . .- the power developed. N L '
3 T e - Briefly examining each of thess conditions in view of their application to the project which,
. . o * the author proposes to bring forward— o ' ' s

L. It will be readily conceded thit no matter, how preat the average g 6
which might be obtained, if it ig subject to extreme ﬂuctgtions, its valug is v?xp; 2?’1131%?%&% '
keenness of ‘commercial competition makes it absolutely necessary that the Plant emiployed in
manufacturing operations should be constantly at work, and this can only be the caso when the’ y
1IN ORIGINAL (not paged).- o P B R supply of power is regular. Asga general rule it is only ‘worth while to make use of the S
o ST _ | © Iinimum quantity of power, though in.some few cases it may pay to provide the Decessary

machinery for utilizing the maximum power available, supplementing it in periods of deficiency

by steam. In temperate climates; where the rainfall'is fairly evenly distributed through the

~ Jear, a comparatively small expenditure on storage reservoirs Inay serve to nullify the variationg

o S 1n the supply of ‘water, but in tropical climates where the year is divided into wet and g

\ " v , seasons the flow of water may be subject to such exirome changes in quantity as to render it

.
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impossible to construct reservoirs of sufficient size to be: of any use. Only when the power is
obtained from very high falls, when a small quantity of water will yield a large amount of
power, and when the configuration of the high land is such as ‘to make 1t possible to cheaply
construet artificial lakes or pools, is there auy prospect of commercial success attending efforts to
make use of the enormous quantity of power which at present runs to waste in' mnearly every
mountainous region of the world. The hill districts of Southern I ndia present peculiarly
favourable features for the utilization of the energy stored in the water which drains from them,

MmN~ A,

- Elevated-plateaux,—rising on the eastern slopes very abruptly from the plains, with a heavy

rainfall over more than half the year, and with few entirely dry months, the construction of
comparatively small dams or retaining walls will, in many instances, be sufficient to- make it
possible to eusure a certain minimum flow of water from them all the year round.

~ 2. The inaccessibility or remoteness of the situation of the falls may be such that the power

is of little value. The cost of opening up the country, of carriage of raw produce to, and of
manufactured goods from, the site to the nearest markets may altogethe;' outbalance the advan-
tages which might otherwise be derived from the use of a cheap ‘supply of power. In some few
instances also climatic conditions may be so very anfavourakle as to preclude any hope of being
sble to establish the large industrial ‘colonies which must necessarily be provided for in any
schemes for the utilization of power on a large scale. _The greater the original inconveniences
of the situation the greater will be the-cost of remedying them, and 1n proportion to the outlay
involved in railways, roads and means of transport must be the scale on which the development
of the wuter-power takes place. . . _

8. Our principal source of motive power is the steam engine, the cost of using which may
be divided into () Interest on capital outlay and allowance for ann_ual depl_'eomt.ion in value;
(8) Cost of labour and superintenderce ; (c)iCo.st of fuel. The first 1s.usually a eompag‘at'ively
small item compared with the other two, but in the case of power derived from water it is the
prineipal item and is often 8o great as alone to-exceed the total cost of producing power by heat
engines. In England, where steam-power may be generated as cheaply as anywhere, the annual
value of a horse-power is about £:10, sothat if we assume that on the capital outlay required for the
generation of power from falling water the'annual charge for interest, depreciation and superin-
tendence is 10 per cent., then that capital outlay must not .exceed £100 per hqrse-pow.er,
otherwise it will be cheaper to use steam as-a motive force. This of course is on the assumption

that the situation of the water-power is everything-that could be desired, if it is not so then ‘the-

amount of capital which may be expended on it diminishes as the disadvantages of the situation
increase till the point is reached when ‘it will not pay to use the water-power at all though it
cost nothing to do so. -For this reason so little use as hitherto been made of the gigantic quan-

tities of water-power which run to waste all-over the world. TIn the not very distant future it

" is highly probable that the electrical transmission of energy by high potential currents will effect

a great.change in this respect and will throw open a wide field; at precent closed, for the utiliza-

‘tion of water-power, _

4. But wide as that fleld may be, the supply of water-power is 80 enormous that even wera
it possible to get it for nothing no use could be found for it. The millions of horse-power which
could be obtained from Niagara would be a white el'ephant tq the'nelghbourmg distriets, being
entirely beyond the industrial needs of the population. (It is evident therefore that any pro-
posals for the utilization of water-power in Southern India, involving no question of the trans-
mission and distribution of power over'extended areas, must be equally applicable to many other
places less remote unless the conditions are such' that the power can be developed at such an
extraordinary small outlay as to more than compensate for the disadvantages attendant on the
localization of a manufacturing industry in such'a place. ~That this is so the author will endeavour
to show in the course of the explanation of his proposals, but before doing o he would like to

make perfectly clear the idea which is the basis of the scheme for the utilization of the power

~ after it is developed. As will be subsequently seen, it is contemplated to make use of a larger

amount of power than has ever been atiempted before and it is because this power can be profit-
ably employed that the following proposals promised such a magnificent financial rosult. A
manufacturing operationi which can be cairied on in a place far from the ~markets, which it is

proposed to supply, can be carried on in any place where fuel is cheap, and it is therefore.

absolutely necessary that it shoyld  be of such a character that the cost of the power required to
carry it on _shall be one of the most importapt items in -the cost of production. If then the
power can be obtained at an exceedingly éheap rate, it may compensafe for all other disadvan-

 tages, and the greater its amonnt, provided there be a practically unlimited demand for the finished

product, the greater will be the prospects of commercial success. For instance,ﬂupposethap in
England a steam engine of 500 horse.power is employed in the manufacture, by scme electrical

process, of aluminium then'the cost ‘of the power alone will be £ 5,000 per annuin and we shall

certainly not be very far from the truth if we assume that the capital outlay on engines, boilers
and theybuildings in which to put them-is £ 5,000. Now, if in Southern India we can set up

the necessary plant to develop the same amount of power from falling water, which costs nothin g2,

for one-fifth that sum, we not only start-“with the advantage of saving four-fifths the capital

outlay, but we have a clear £5,000'a yearbesides. But instead of 500 horss power we propose
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to deal with an averagé quantity 250 times as great and the situation of the source of power
would have to be extremely. disadvantageous in which with that is equivalent to 2 bonus of

£ 1,250,000 a'year, it would not be possible to engage in a business in which the total amount

of material to be transported is not more than 100,050 tons per annum. Moreover, since there

-1s a saving of four-fifths the capital outlay required for the production of the same amount of

power in England, that sum becomes available for providing the best possible means for reducing
the disadvantages of the site of the works to & minimum. As will be subsequently shown, less
than one-fourth this sum will be actually needed to put the site of the water-power which the
author proposes to utilize in direct railway communication with the three most important ports
on the Coromandal Coast, Madras, N egapatam . and Tuticorin. If then it be admitted that the
above remarks present a fair statement of the case for water-power it will be at once seen that
the project that the author brings forward is one which offers great attractions for the employ-
ment of capital. _ . '

Before entering into a detailed account of the proposals, it will be well to briefly explain that

' the prospect is to manufacture aluminium by one or other, as shall afterwards be decided, of the

now well known electrical methods. The power is to be derived from a supply of water which
it is caleulated will yield during four months of the year 75,000 horse-power and during the

‘remaining eight months 150,000 horse-power or an average throughout the year of 125,000
_ horse-power. ~ T'his amount of power will, it is believed, when converted into electric energy be
capable of producing 15,000 tons of aluminium which will be worth, at £200 a ton, £ 3,000,000.

Source of the water and site of the proposed works.—The Government of Madras are at the

_ present time engaged in diverting the water of the Periyér river, which rises in the Western

Ghauts and flows into the Arabian Sea near Cochin, from the western side of the watershed

-ridge to the eastern side, s0 as to make it available for the irrigation of alarge tract of land
_ (190,000 acres) near the town of Madura. 'lhe works which have been designed by, and are
~ being: carried out under the superintendence of the Chief Kngineer, Colonel Pennycuick, R.E.,

consists in the construction of & masonry dam 155 feet high, whereby the waters of the river
will be dammed back to form a lake having a superficial ares of over 10 equare miles and

- containing at the level uf the escapes 13,299 million cubic feet of water. The water thus stored

will be taken through the watershed ridge by a cutting and tunnel, having its site at a level of
113 feet above the bed of the river at the site of the dam. The quantity of water stored, which
it will be possible to draw off, amounts to 6,815 million cubic feet, but as the watershed is situated

in a region where the rainfall is at least 100 inches per annum, and as the area amounts {fo

about 300 square miles, and as the rainfall is distributed over more than eight months of the
year from April to December, it will be possible to draw off from the lake a quantity of water

-equal to 1,500 cubic feet per second from the middle of April to the middle of December, and as at

the end of that time the lake will still b full it will contain enough water to deliver 750 cubic feet
per second for three months and the drainage from the occasional showers which fall in the earlier
months of the year will be more than sufficient to give the extra months supply which is required,
The tunnel through the ridge will be about 6,000 feet long and will deliver the water on the eastern
side of the ghauts at an elevation of about 2,850 feet above the sea. The hills rise very
abruptly on this side, so that in about a mile the water will fall some 1,300 feet, after which it

- will pass into the bed of the Suruliyér river which will carry it into the Vaigai, from whence it is .

removed by means of an anicut into the irrigation canals. "It is this fall of 1,300 feet immedi.
ately after the exit of the water from the tunnel that it is proposed to utilize. It is situated
near Kuruvanuth, a small village at the head of the Cumbum valley, some 70 miles from Ammaya-

" néyakantr, the nearest. railway station on the South Indian Railway, which is 320 miles from

Madras. . It is evident, that if the water-power is to be utilized, it will be necessary to construct

* arailway from Ammayaniyakantr to the site of the works, but this will probably have a sufficient

traffic on it from outside sources to pay its own working expenses. For further information on
this irrigation project, the author would refer fo the selections from the records of the Govern-
ment of India, Public Works Department, No. CCXYV, entitled, ‘“ Papers connected with the

~ Periyér Irrigation Project in Madras,” or to a ‘paper on the project read before the Indian

Section of the Society of Arts by Colonel J. O. Hasted, R.E., on the 30th April 1891 and

- published in the Journal of the same Society.

__-Source of the Aluminium.—The compounds of .aluminium usually employt.;d for reduction by
electrical methods are the oxide, Al, O3 and a double fluoride of aluminium and sodium, AlF;,
corundum, and it is manufactured by various chemical methods, chiefly from Bauxite, & mineral
of which extensive deposits occur in various parts of the world. In India, and more particularly

-8NaF, known as_cryolite. The former compound is found naturally in a.very pure state as

.in the southern part, there are numeroug deposits of corundum which have been worked from

time immemorial as a source of ‘emery. They occur in the districts of Salem, Coimbatore,
Bellary, North Arcot and Kistna, in the Native State of Mysore, and further off in Hyderabad,

Rewah and the Khasi Hills in Assam.* - As hitherto these deposits have only been worked on

* A brief summary of the information on the value and extent of the deposits of corundum in India, will be found in

i . the Manual of the Geology of India, Purt‘I[I,_qunoxqic chlog_y by V. Ball, .4,y r.a.5. London: Trubner & Co., 1881.
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-~ -On an average of 125,000 horse-power day and night the capital outlay required therefore
amounts to only 31/-per horse-power or less than on.e-s1xth the annual” cost of the same in the
manufacturing districts of England. No wonder thex that the author considers that this supply
of water-power will be a source of immense wealth to those who are bold enough to make use of
it to its fullest extent. . : _ ) ,
Electrical plant.—1It is proposed that each Pelton wheel should be coupled up direct to g
dynamo sufficiently large to absorb the whole amount of power developed. The type of dynamo
to be employed the author prefers to leave to the decision of those who have some practical
acquaintance with the use of the enormous curfents which it will be necessary to employ in the
reduction works. ~Similarly, as regards the electrical process to be -adopted, the author, from g
consideration of the somewhat meagre amount of information that hag been published on the
subject, merely makes the tentative suggestion that an electrolytic process rather than one in
Awhich carbon plays'the part of a reducing agent will be preferable.  Possibly, however, it may bo
found advisable to use both, and in order to make this section of the paper more complete, he hag
added in the form of an appendix a brief account of the Hall Electrolytic process as used at
Pittsburgh in America and at Patricroft near Manchester and of the Cowles’ process as used at
Lockport, N. Y., U. 8. A., and at Milton in Staffordshire, From these it will be seen that the
electrolytic process yields a very pure form of aluminium, whilst the electrica] furnace is better
adapted to the production of the alloys ferro-aluminium and aluminium bronze. 1t would be
easy to produce the ferro-aluminium on a very large Tscale as the corundum deposits of Salem
are situated at no very great distances from the extensive beds of magnetite, but in the author's
opinion the manufacture of the pure metal would prove a more remunerative undertakiﬁg, It

is impossible, however, from want of sufficient data to g1vé an even approximate estimate of the -

cost of the dynamos, leads, reduction works and machinery and plant required to produce the
aluminium and put it on the market in a commercial form, A lump sum of £1,000,000 will, in
all probability, prove ample and upon that the final total estimate of the cost of .carrying out the
proposals is based. ' L . _

’ £

Preliminary expenses- e e ee . 100,000
Railway e e e a0 T 280%000
Water-power ... v eee e T, eer o 192,325
’ Buildings, workshops and dwelling houses for staff . 150,000
fr Electrical plant vee eee T aee .. 1,000,000

Total ... 1,722,325

The out-put of aluminium has been estimated at 15,000 tons per annum, worth £200 a ton,
and upon this basis the gross revenue would be £3,000,000 a year, from which must be deducted
the working expenses, of which the following is only put forward as an approximation. ‘

, -2
Depreciation and renewals of plant . .. ... «e 200,000
40,000 tons of corundum or alumina at £20 & ton Cvee oo 800,000 .
20,000 tons of carbons at £5 a ton ... v e . ws . 100,000.
Salaries and wages ... ces T ame e aee eer T e 250,000
Stores and plant e aes vie - e 50,000

- Royalties and patent rights ... ee ww 100,000

. : : Total- ... 1,500,000
leaving a net profit of £1,500,000, which on a capital of, say, £2,000,000, would be sufficient to
pay a dividend of 75 per cent. : ' ‘ T ,

. In conclusion, the author desires to state that-his main object in writing the above paper
has been to draw attention to the value of water-power when the conditions are favorable to
its development. ~The figures which he has ‘presented-.are necessarily somewhat rough, but the
error lies rather in showing an’ excess-of capital expenditure than in any under statement of
“what even where it, to cost twice as much as has been estimated, would still be g magnificent
undertaking. : : E S '

APPENDIX., - ‘ S R
The following account of the Hall process is qhieﬂy'cox.npile'd from articles which appeared

in “ Engineering ” in April and October 1890, - e
The principle of the process is the electrolytic decomposition of . elumina by a direct and

continuous method. It was adopted by the Pittsburgh ‘Reduction Company after working for a -

year with a small experimental plant. The material used is an oxide of aluminium which ig”
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manifactured at Goldschmeidn near Breslau in Germany. The mineral Bauxite is fused with
carbonate of soda in a reverberatory furnace. The fused mass is lixivated with water which
dissolves the aluminate of soda formed in the furnace. The solution is decanted off and decom-
.posed by carbonic acid gas whereby carbonate ‘of soda is formed and alumina hydrate is preci-
pitated ; after repeated washings the precipitate is caleined at g red heat, the water driven .off,
and anhydrous alumina formed, ,

" In carrying out the process a molten bath of various fluoride salts is issued. These are not
decomposed by the electric current, but in the presence of it they assist in the decomposition of
the alumina though the exact reactions which take place are not clearly known. - At the Pitts-
burgh Works a series of open iron vessels or pots are placed on the floor of the melting house.
The pots are of wrought iron and are lined with carbon, a depression or well being left.in the
bottom of each ; a framework rising from above each pot serves to support a series of iron rods
to the lower ends of which are attached the carbon electrodes; these bars are held in position by
binding screws and are connected to the positive poles of the dynamo ; the circuit is completed,
by conductors from the negative poles to the iron pots. Into these carbon lined receptacles
a quantity of the fluoride salts is thrown. When the current is passed through this .mixture
it rapidly fuses but daes not undergo any further change, nor any waste save that due to

- accidental spilling, no matter how loeg it may be kept in a state of fusion. Into this bath alumina
.13 thrown and decomposition at once begins. to take place. The oxygen is absorbed by the
carbon electrodes, and the contents of the pots are reduced to a.metallic mass which does not

mingle with the fluoride bath. As the contents -of- each pot are run down aluming is added

in small quantities, and from time to time the aluminium is ladled from the well in each pot and

poured into moulds for subsequent recasting. The process is thus a direct and continaous one,

involving the expenditure of a large amount of electric energy, but one into which the action of
heat, beyond that, necessary to fuse the fluoride bath and the alumina, does not enter. The

metal is afterwards remelted and cast into ingots which it is claimed consist of 98:5 per cent.”
of pure aluminium. At Pittsburgh about 500 horse-power is continuously employed in the
production of 375 Ib. of metal per day. The alumina costs 5 cents g pound, but as it containg
54 per cent. of aluminium, nearly the whole of which is reduced, only two pounds of alumina
are required to produce one pound of metal. The cost of the fluoride bath is merely nominal,
the first cost of the materials being insignificant and the amount required, for making good
waste, not esceeding 5 1b. for each pot per week. The carbons used for the electrodes arg made
from the products of the imperfeet combustion of natural gasin closed chambers, the powder
formed being: compressed into blocks of the required shape. The consumption of carbon is equal
to the weight of metal produced; o

II.

The-following details as to the working of the Cowles’ process are taken from a paper read
by Mr. J. H. J. Dagger to the Chemical Section of the British Association at the Newecastle

- Meeting in 1889 :—

¢ The English works of the Company at Milton, Staffordshire, contain twelve furnaces with
a 500 horse-power ‘dynamo, built by Messrs. Crompton, and said to be the largest machine in
England, and probably in the world; it furnishes a current of from 5,000 to 6,000 amperes,
with an . M. F. of 50 to 60 volts. The production of these works is 2,300 1b. of aluminium
bronze (10°/,) and 1,800 1b. of ferro-aluminium (10%,) per 24 hours, or 410 Ib. of contained
aluminium. - .
"~ % The furnaces are rectangular in form, and are of fire-brick ; into euch end is built a cast
iron tube, through which the carbon electrodes enter the farnace ; each electrode consists of a
bundle of nine carbons, -each 2} inches in diameter, attached to a head of cast iron for a ferro-
aluminium furnace, and of cast copper for aluminium bronze or alloys containing copper. ‘l'his
"head is secured to copper rods, or ‘leads,’ which can be readily connected with or disconnected
from the flexible cables supplying the current, . ’ .

% Hach cable is secured to slides travelling on an’ omnibus bar of copper overhead, and so
can be brought into position opposite the furnacesto be used. The electrodes are arranged so
that it is possible, by means of a handle and serew, to advance or withdraw them from ecach
other in the furnace. The first furnaces were lined with charcoal, but it was found that the-

~ intense heat converted it into graphite, which, being a conductor, not only maeant Joss of power

but destruction of the furnace walls. This difficulty has been overcome by soaking the charcoal
in lime-water and carefully drying before use; each particle of charcoal is thus coated with an
insulating shell of lime. )
“ Lining the furnace is the first operation ; the bottom of the trough is covered with o layer
of prepared charcoal, the electrodes are arranged in'the furnace, and g ¢ former,’ a sheet iron box
“without top or bottom, each end being arched to fit: over the eleotrodes, is inserted ; charcoal is
then rammed into the space batween it and the fire brick walls. This doue the charge of ore,
mixed with coarse charcoal ‘and the metal to be alloyed with- the aluminium, in the form of
- turnings or granules,‘is placed inside the iron box, after which this is carefully withdrawn ; the
space between the electrodes is bridged with some broken pieces of carbon, the charge is covered



. i ) . : o
s

8 ' 201a Droruper 1892, No. 3472 W., Punic Wonks,

with coarse charcoal, and the.furnace closed by a heavy cast iron c.over;’thaving a Ilole'-id the -
centre-for the escape of gases evolved during the reaction ; the cover is luted so as to prevent the -
entrance of air. ‘T'he commencing current is abont 3,000 amperes, and is gradually increased to

* 5,009 amperes; a ‘run’. occupies about 11 hours. The furnace 1s allowed to cool ; the ‘next,

" may be- assumed that, at the intense heat of the electric’ are, the ore. Vmelts- and gives up its

¢

ged, is connected with the cables, so that the process is a continuous one, the furnaces -
ﬁa{;}d)g :gggeosigi]\;ely charged and connected. The crude metal from the furnace is then re-melted -
in an ordinary reverberating furnace, a sample being taken from each ran and assayed for
aluminium. The nature of the re:action.which takes place in-the electric furnace 18 not very
easy to ascertain; the conditions are unlike those of any other known : the reduction of the
aluminium taking place in absence of air and In presence of an enormous excess of carbon, it

oxygen to the carbon :— ST
Aly O34 80=3CO + AlL.

~ “In the absence of copper the liberated aluminium absorbs carbon and is converted into a
carbide of the metal. The escaping gas which burns at the orifice in the cover is almost entirely
composed of CO.” : A .

Order—dated 80th. March 1892, No. 213, Publie. -

The Government has perused Mr. Chatterton’s pamphlet with much interest, but
it will be pointed out to him that in having, without the previous sanction of Govern-
ment, communicated with persons in London in view to the formation of a syndicate
to obtain a concession of the water-power alluded to by him, and in making use, as he -
has, of information of which he has become possessed in his official capacity, he has
committed a breach of a standing rule, : ‘ ] :

The Chief Engineer will be requested to report on the proposals contained in
Mr. Chatterton’s pamphlet, and - also on the question of appointing an officer to

- specially investigate the subject of the supply of  corundum available in Southe;h

India, . .
. . (True Extract.) .
- o . (Signed) N. . BRODIE,
- ' Ag. Under Secretary.

) ‘Me'morana?um by the Chicf E);ginéer, Pudlic Works De]mrtmremf. |

" The fact that 4n enormous water-power would be available at Kuruvanuth on
the completion of the works for the diversion of the Periy4r has long been known to
all who are interested in the 'subject, and Mr. Chatterton’s pamphlet is an useful,
though somewhat crude, contribution to the discussion of the important question as to
the best means of utilising this.power. = o S

The works are designed and intonded primarily for purposes of irrigation, and
the Government would probably refuse to listen to any proposals which involved the
subordination of irrigation interests to the utilisation of the Wwater-power ; the amount
of power available depends, therefore, mainly on the amount of water which has to be
drawn off from the lake for use in the Vigai valley, and not, as Mr. Chatterton
seems to think, on the amount which * it will be_possible »_ to draw off. .

According to the latest proposals, the amount required to be _drawn off through
Periydr tunnel is in round numbers 1,400 cubic feet per second in J uly, August and -
September, Y50 cubic feet in December, January and February, 700 cubic feet in

~October and November, 500 cubic feet in March and May, and nothing in April.

It will probably be necessary in any case to provide for the entire closing of the
head sluice during a fortnight or so in each year, for-the purpose of examination and
repair of the tunnel gates and gearing, but, subject to this necessity, it will not be
difficult to arrange for a minimum quantity of 600 cubic feet a second being sent

D
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obtained from 600 cubic feet a second with this fall would be about 50,000 horse-power,

- This power would be available day and night, and if it were proposed; as for most

manufacturing purposes would probably be the case, to work for only 10 hours out
of the 24, it would be practicable, without detriment to irrigation, to send down a
rather larger proportion of the daily supply during these hours,

* It may, therefore, be assumed without risk of error that for practical work 70,000

. horse-power would be available throu_ghout the year.

The best method of obtaining this power from the water (irrespective of the ques-

At Niagara proposals are now being considered for the utilisation of some 7,000
cubic feet of water per second,” but the head there ig only about 200 feet ; the
enormous head available at Kuruvanuth, while it increases the value of the water,
increases also the difficulty of utilising it. S :

Mr. Chatterton proposes to bring the whole supply to the foot of the ghit by a
steel-lined tunnel or inclined shaft 10 feet in diameter, and to distribute the power
from the bottom of this shaft to thirty Pelton wheels, each capable of giving off 5,000
horse-power. - : » : o ' -

This arrangement, the object of which is to avoid the heavy cost of steel pipes,
does not appear a good one. -

In the first place it is by no means certain that sound rock would be found in the
line of the tunnel throughout its whole length and the slightest unsoundness would

- be fatal to the whole construction. The steel liner-is, as its name devotes, a mere

inside skin and is not to be counted on for resisting the pressure of the water; it

- would burst at once if the support of the surrounding rock were removed.

The pressure on the inside surface at the bottom of the shaft would be over
60,000 1b. on the square foot, an amount not, excessive for really solid rock, but
exceedingly dangerous for any material short of this. The smallest unsoundness in
the rock, even a slight irregularity in the cement grouting between the face of the
rock and the back of the liner, and the latter would burst.

Before the work could even be begun, a very elaborate and costly examination

weans nothing less than the removal of the soil overlying the rock throughout the
entire length of the tunnel, for nio borings could be accepted in such a position and the
whole of this expense would be thrown away if it was discovered, as it probably
would be, that the construction of the shaft was impracticable.
~ The excavation at the foot of the shaft to enable the connections between the
latter and the motors to be made would be a far more troublesome business than
Mr. Chatterton has any idea of, There is probably not less than 50 feet of earth
gravel and boulders overlying the solid rock (and possibly a good deal more) and this
must be cut away in order to drive the connecting heading, or else g brick-lined
tunnel large enough to take the whole thirty pipes must be driven through it.
Another and very serious objection to Mr. Chatterton’s proposal is that the

- regulating gear for starting and stopping the different motors: must be at the bottom

of the shaft, where it is under the full head, instead of at the top, where the pressure

is next to nothing, as it can be with an independent pipe to each motor.

. It is certain that the water must be conducted from the mouth of the tunnel to
the motors by means of pipes, and the cost of these would not be so great as
Mzr. Chatterton supposes, for it is not necessary to use the whole available fall in one
step ; it can be divided into two, three or more steps, the loss of head at each step
being insignificant as compared with the total fall, while the thickness and conse-

| quently the cost of the pipes would be greatly reduced.

-1t is useless “at this'stage to go minutely into figures, but it is certain that if
steel pipes 8 feet in diameter were used, the fall of 1,000 feet being divided into
three stages of 320 feet (40 feet being allowed for loss), the cost of the pipes and
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rupees) of Mr. Chatterton’s estimate, a figure which would probably- be greatly
increased in practice. S : .

The difference is not important as the cost of provision of power is only about g - -

i ‘the total capitul expenditure proposed. - _ ‘ v
mnthF%frﬂ;lie utilisa{)ion of Izhe power, it is probable that Mr. Chatterton is right in
recommending the use of Pelton wheels., which are certainly. the simplest and most
~ economical, If the power be made ava}la])le, and the quantity of ore required for
working on a large scale be procurable, it is probable that no better method of utilis-
ing the power could be found than the manufacture of aluminium, At first sight it

. seems a startling proposal to carry ore 250 miles. from the.quarry to the place of

manufacture, and to carry the finished. product. a still greater distance to g market, .

but after all this is simply a question of cost. All ore has to be carried some distan.ce
before working, and even if the Works‘cou!d be set ‘up and the finished material
disposed of at- the quarry itself, the saving in carriage would not amount to more
than Rs. 60 per ton. ' :
Rs. 180 per horse-power (24 hours daily) per anmum, whereas at the Periy4r,
including maintenance, working -and mterest..on plant, it would not be more than
‘Rs. 20, if so much. As it is stated to require eight horse-power for one year to make
a ton of aluminium, this implies a saving in the cost of manufacture (as compared
with steam-power at the quarries) of at-least Rs. 1,280 per ton or more ‘than twenty
times the cost of carriage. - :

It is of course necessary that railwa

y communicaticn should be- made between

e T
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motors would not exceed Rs. 45 per horse-power against the 81 shillings (or‘sa§ 96 11 o W

The cost of steam-power would -certainly not be less than -
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Ammayandyakanir (the necarest existing railway station) and the site of the proposed . -

works ; this, as Mr. Chatterton rightly assumes, is an essentia] condition of the
" scheme. 1 have little doubt that a railway from Ammayandyakandr to Cumbum

would give a reasonable return, not from the Kodaikénal tratfic which 1s, and must .

always be, quite insignificant from railway point of view, but from the _ordinary
traffic of the Cumbum valley and the forests in the neighbourhood of the Periyar lake.

for the Engineer, but the enterprise would be a lucrative one even'on a much smaller
scale. o L ) :
Although the manufacture of aluminium is the most obvious and probably the
best method of utilising the enormous power available from the Periyér, 1t is by no
means the only one ; the electrical transmission of power 18 still in its infancy, and he
would be a bold man who should venture at present to set limits to the probable
development of this principle even in the near future. It is by no means improbable
that before many years are past it will be found practicable to supply both power
and light from the Periydr to the towns of Periyakulum, Madura or even Trichinopoly.
" T am certain that the question of the utilisation of the power derivable from the
Periydr lake is one of the highest importance, and though its solution may not
perhaps be within the direct province of Government, it will undoubtedly be to the

advantage of the latter to give its support and encouragement to any well-considered ,

scheme having this object in view. A charge of ten rupees per horse-power per
annum, a charge so small that it would hardly be felt by the payee, would add about
20 per cent. to the revenue expected from the works, or Increase the rate of return
on the capital expenditure by something like 7 per cent.

(Signed)  J. PENNYCUICK, Colonel, R.E,
o )  Chief Engineer, P.W.D.

MADR4s,
17th October 1892,

No. 4467 C.

Transferred to the Public Department with reference to G.0., dated 80th March
1892, No: 218, Public. ) , ,
' (Signed)  J. PENNYCUICK, Colonel, R.E.,

18th October 1892, Secretary to Govt., P.W.D.

—
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© justify a reference to the best engineering specialists at home.

20TH,DEC'I’<IMi3ER: i‘892, No. 8472 W, .PUBLIC Works. 1
AR ~ No. 1831, Public.
The papérs are transferred for the further ﬁecessary action to the Public Works
Department with the notes of Honorable Membérs of Government in original.

(Signed)  J. F. PRICE,

22nd November 1892, Chief Secretary. -

Ozprr—dated 20th December 1892, No. 3472 W., Public Works.

His Excellency the Governor in Council observes that the papers recorded above
show that on ccmpletion of the Periydr Project enormous water-power will be
available and that its utilisation for industrial purposes may very largely increase
the anticipated returns from the project without in any way prejudicing its primary
use. These facts are, in the opinion of His Excellency in Council, so important as to
ineeri iali The papers will
accordingly be forwarded to the Secretary of State for India in view to some practicable
_scheme being elaborated, for which a premium might be offered.

2. The papers will also be forwarded for the information of the Government of

India with a request that this Government be furnished with coples of any reports
which Mr. "Holland i P

~~or elsewhere, or with g special report from that gentleman with “reference to the

possibility of the supply of the mineral for the utilisation of the Periydr water-power
when it becomes available, ‘ '

[Here enter No. 3473 W., Public Works, dated 20th December 1892, ]
(True Extract,) '

M?’%&z@

Major, R.E,,
Under-Seey. to Govt., P.W.D,

To the Superintendent of Works, Periysr Project.
»  Public Department. /

Exd. T. K. Narayana Aiyangar.
/ ‘Spare Copies -
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- Passing orders on correspondence regard-
ing the utilization of the — which will
become available on completion of the
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