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" INTRODUCTION. -

Tt has always been known that the Indian Empire has great possibilities in
the way of natural water power; to a limited extent this power has been
developed in a few favourable localities, but as hitherto India has not begn to
any great extent an industrial country no serious interest has been taken in the
subject. Practically the whole of the industries that existed in British India,
prior to the advent of the Tata Hydro-electric Power Supply Company, were
dependant on fuel. Mysore had however developed considerable power for
industrial purposes from the Cauvery River at an earlier date, when the only
pre-existing hydro-electric installation in India was the small Municipal town
lighting plant at Darjeeling. (Frontispiece) A photograph of this pioneer
installation, which was erected and set to work by the present writer in 1897,
is reproduced as a frontispiece, as even the Indian Industrial Commission’s able
Report gives precedence to the Mysore installation which started work in the
20th Century, b years after Darjeeling.

In September 1905 the Government of India issued a circular letter to the
Chief Secretaries to the Governments of Madras, Bombay, Bengal, Burma, the
United Provinces and the Central Provinces (but not to the Punjah) enquiring
in general terms as to possible sites where water power might be developed, but -
the information received was for the most part too vague to be of any great
value. Owing to the fact that there was at this time no real demand for
industrial power on a large scale, except in cases where promotors were already
making their own investigations, the matter was not carried beyond the stage
of this preliminary circular. ‘ .

The outbreak of the war rapidly brought matters to a head all the world
over, for it was soon found that power was at the root of all war demands and
that electricity was the most adaptable form of power. And whereas Switzer-
land and the United States, generally associated in the public mind with the
chief developments of water power, have utilized only some 24 per cent of their
available resources, Germany has utilized no less than 43 per cent.

In India, the formation of the Indian Munitions Board was the first step
in co-ordinating existing industries for war purposes, and this was soon followed
hy the appointment of the Indian Industrial Commission. In Chaptey VI of
the Report of the Industrial Commission, 1916-15, the question of power is
discussed in all its bearings, and the necessity for a Hydrographic Survey of
India is emphasized in paragraph 99. Reasons are also given (Paragraph 100)
why the survey should he undertaken by (Government rather than by private
enterprise. In paragraph 353 a rough estimate of the cost of the survey is given,
assuming it to take 5 yvears. It is unnecessary to recapitulate the recommenda-
tions of the Report in question as the whole industrial future of India, fore-
shadowed therein, is bound up with and dependant upon the provision of cheap .~
power. The Report itself must be studied. :

Acting on thé above recommendation the Government of India appointed
the late Mr. - G. T. Barlow, C.LLE., then Chief Engineer, Irrigation Branch,
United Provinces, to take charge of the MHydrographic Survey as Chief
Engineer, associating with him in the enquiry Mr. J. W. Meares, M.I.C.E,,
Electrical Adviser to the Government of India. No special instructions were
issued to Mr. Barlow, except that he was informed that it was desirable that a
preliminary Report should he prepa.red.p during the hot weather of 1919 ; beyond
that he was given a free hand and the necessary funds to initiate the work as
he thought fit. :

The object of this preliminary Report is to explain what has so far been
done, and what it is proposed to do in future; and to explain in simple and un-
technical language the methods hy which every one may assist in the investi-
gation in one Way or another. The area to be examined is vast and the work
to be done is of great importance ; even with the co-operation of the public it
cannot be finished for many years, while without that co-operation it will be
delaved much longer.

"Elsewhere similar work is being carried out either by Government agency
or through private enterprise. The Conjoint *Board of Scientific Societies in
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London formed a Water Power Committee to ascertain ¢ What is at Present
being done to ascertain the amount and. distribution of water power in ‘the
British Empire.” In July 1918 this Committee (hereafter called the British
Water Power Committee) issued its preliminary Report, and thishas stimulated
an interest in the subject far and wide. The Report states that “ With the excep-
tion of Canada and New Zealand, Tasmania, New South Wales, and possibly
South Africa, practically nothing has been or is being done on any systematic
‘basis to ascertain its true possibilities.” A few figures are given relating to the
potentialities of India, but these are not always reliable as the Committee had
not the information at its disposal for even the roughest approximation, except
in one or two places. The British Water Power Committee’s Report
ends with the following conclusions and recommendations : A

Conclusions.

“The main conclusions to be drawn from the evidence available to the
Committee are :— .

(.) That the potential water-power of the Empire amcunts in the
aggregate to at least 50 to 70 million horse-power.

(2) That much of this is capable of immediate economic developnient.

(8) That except in Canada and New Zealand, and to a less extent in

- New South Wales and Tasmania, no systematic attempt has as yet
¢ been made by any Government Department to ascertain the true
possibilities of the hydraulic resources of its territories, or to collect

the relevant data.

(4) That the development of the Empire’s natural resources is insepar-
ably connected with that of its water-powers. y:

(5) That the development of such enormous possibilities should” not be
left to chance, but should be carried out under the guidance of some
competent authority. '

In view of these conclusions the Committee would submit the following

recommendations : — S

Recommendations.

“1. That the British Government bring before the notice of the Indian
Government, of the various Dominion Governments and of the
Governing Bodies of the Crown Colonies, the necessity for a close
systematic investigation of all reasonably promising water-powers,
and of their economic possibilities.

2. That the British Government take steps to ascertain whether the
Governments concerned are prepared to undertake this work.

3. That where such an enquiry is beyond the powers of any governing
body, the British or Imperial Government place the work under
the direct control of an ¢ Imperial Water Power Board’ or
“ Conservation Commission.” _

4. That the Government take steps to initiate the formation of such .an
“ Imperial Water Power Board ”’ or “Imperial Conservation Com-
mission,”’ to include a representative from each of the Dominions
and Dependencies. i

5. That this Board act in an advisory capacity. It should decide on’the
sequence of such investigation work as comes under its purview.
It is suggested that all schemes for the development of which local
resources are inadequate, should be submitted to the Board by the
Governments concerned, and that the Board should make recom-
mendations on which the Imperial Covernment might take action.

Such a Board would be able to take a broad and comprehensive view of
the advantages to the Empire as a whole, attending the develop-
ment of any given scheme, and would be able to form a reasonable
decision as to the relative advantages of such different schemes as
might be brought forward from different parts of the Empire.

6. That since it is unlikely that private capital will be available for
many years for hydraulic development on any large scale, powers

N
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should be obtained to enable the State to assist or to undertake such
development if thought advisable.

It is suggested that much might be done to attract private capital, if the
State, after careful investigation, were to guarautee a suitable
minimum interest on the necesBary capital, sharing at the same
time in any profits beyond the amount necessary to provide that
interest. By this method of assistance private enterprise would be
untrammelled, and the management of the concerns so assisted
would remain in private hands.

As the Report of this British Water Power Committee may not have been
as widely circulated as is desirable the following additional extracts from it
may with advantage be given here :

“ The World's Present Power Demand —It is impossible to estimate
with any pretentions to accuracy, the power now being used in the
various countries of the world. Indcpendent estimates, based on such
data as are available, tend, however, to show that it is of the order
of 120 million horse-power made up approximately as follows :—
World’s factories, including electric lighting

and street railways . . . . 76 million horse-power.
World’s railways . . . .21, 2
World’s Shipping . . . . 24, »
Total . 120

This includes all steam, gas, and water-powers.

« Cost of Hydraulic Power.~—It must be realised that the cheapness or
dearness of encrgy is purely relative, and hydraulic powers which
are not at present able to compete economically with steam, may
in the not distant future be able to do so. Even now in favour-
able localities, the cost of electric power generated from hydraulic
installations compares favourably with that of steam or oil power.
The cost of such power is made up mainly of charges against
capital, interest, depreciation, sinking fund charges, taxes and
insurance, which are usually much greater than water charges and
costs of operation, maintenance and supplies. These capital charges
vary widely with the local circumstances and physical characteris-
tics of the site. Where the available head is great and the storage
reservoir is provided by some natural lake, they may be compara-
tively small. Where, on the other hand, extensive works are
required to bring the water to the power house, and where the trans-
mission line is long, the overall cost of power may be largely in
excess of that generated by a steam plant.

“An examination of some 120 European installations shows that for large
installations of upwards of 10,000 clectric horse-power the minimum
cost of the hydraulic works is £8'4 per horse-power installed,
and the maximum, £79'6 per horse-power. For the majority of
the installations the cost lies between £25 and £45. The cost of
the electrical generators, switch boards, &ec., and transmission lines,
also varies greatly, ranging from £1°25 to £28'1 per horse-power,
while the cost of the turbines ranges from £4 to £8 per horse-
power. The working costs vary between £1'3 and £6'8 per electric
horse-power year, with an average value of £3. From these
fizures it appears that on the average, making an allowance of 15
per cent. for interest and depreciation, the cost per electric horse-
power per annum is in the neighbourhood of £10-5.

“ Tn many installations, however, the cost is very much less than this.

. The Ontario Power Company, for example, is able to supply power
to the Hydro-Electric Commission of Ontario at £1'8 per
electric horse-power per annum. It is estimated that many of the
large powers in Canada can he developed at a total cost, including
all generating machinery an(! transmission lines, ranging from £12

(¢ _ B
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to £20 per electric horse-power in which case the cost per horse-
power per annum should not exceed £2 to £3.

“Necessity for Preliminary Investigations.—In spite of the great import-
ance of water-power, many of the potential powers in existence
must of necessity prove economically useless, either on account of
their great distance from centres of industry, the lack of transport
facilities, or from the fact that the storage necessary to give a

~ continuous or fairly continuous supply would be too costly. Of
many potential powers it can be said without further investigation
that for the present this is, and for a long period to come will be,
the case. Of others the reverse is true, and it is evident that the
scheme will amply repay development. But in the majority of
"cases the extent to which a scheme is capable of economic develop-
ment can only be determined after a careful examination of the
catchment area and of the site of the proposed works ; after a care-
ful and prolonged investigation of the rainfall and run-off records;
and, especially in an undeveloped country, after an investigation
of the mineral and forestal or agricultural possibilities of the
surrounding region. i

“It has usually been understood that the usefulness of a water
supply depends on the possibility of maintaining its uniformity
over the whole period of the year, and that the maximum useful
power is strictly limited by the minimum power which, by the aid
of any suggested storage system, will be available towards the end
of the longest probable period of drought.

“ Where the power is utilized for the supply of some industrial centre this
is undoubtedly true, but if the idea were to be generally adopted, it
would cut out an enormous aggregate of potential power, more
particularly in tropical and semi-tropical countries. The possibility
of utilizing flood supplies Yor seasonal operations in connection with
mining,. agriculture and forestry, or for the production of nitrates
in such cases, would appear to be worthy of close consideration.

“In any case, the possibilities of a given scheme can only be determined
after a prolonged hydrographical and meteorological investigation
of the site and surroundings. To be of real value such an investiga-
tion should extend over a long seriesof years. Rainfall records,
though forming the basis of any such investigation, are only of
partial assistance in dealing with water-power questions. The
actual run-off from the catchment area is the all important factor,
and the ratio of run-off to rainfall varies with the physical charac-
teristics of the area, the vegetation, and the climate so that rainfall

gaugings cannot be substituted for the more laborious and costly
collection of comtinuous records of river levels, combined with
frequent gaugings of flow. It must be emphasized that each
scheme of development requires- independent investigations to
determine completely the local conditions governing the flow from
the area intended to be utilized.

« Much can be done to ascertain the approximate possibilities of a poten-
tial scheme before deciding to incur the heavy cost of a detailed
survey by-— : :

(1) Installation and continuous recording of river gauges on all likely
channels. :

(2) Installation and recording of rainfall gauges at suitable places.

(8) Observation of river discharges for a series of gauge readings.

« If a reasonably long record of rainfall cxists, the determination of the
run-off for a few years will serve to give a relation between preci-
pitation and run-off which can be carried back as far as the rainfall

records go. The initiation of operations (1)—(3) costs little, and no -

time is lost in collecting the more important data.

« While this is true, it should be borne in mind—

(1) That to be of reliable valye from a commercial point of view the
hydrometric studies must give a continuous record for a number of
years, and show mnot only the minimum low water flow, but also

Q
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the maximum flood conditions that have to be met in designing the
head works.

(2) That the investigation of suitable rivers should include contour
plans of the.sites, profiles along the entire power reach of the river,

e and along the banks; also studies of lakes or lochs for storage,
where they exist, and of the possibility of inter-connecting two or
more such lakes to feed one large project. These studies should be
in sufficient detail to allow of preparing preliminary plans and
estimating capital and operating costs, in order to demonstrate the
capacity available and the commercial feasibility of development.

(3) That to develop the most obvious power site on a river without full
investigation of the whole power reach of the river may not secure,
and may make it impossible to secure, the maximum advantageous
use of the river by the development of two or more sites. )

(+) That to secure the maximum possible use of a river the investi-
gations should therefore he made by the Government rather than by
private interests. )

(5) Especially is this the case where storage may be developed, in order
that the maximum possible storage may be secured, and that the
water may be cquitably distributed to, and the cost of the works
equally borne by, the various interests benefited. Proper storage
may greatly improve flood conditions and enhance the vakie of
land as well as increase the power available. '

(6) That, without complete surveys the capacity of a river cannot be
accurately judged. -‘The pondage created by the dam will in many
cases more than take care of the daily peak load, thus increasing
the power available beyond that due to the minimum low water
flow, and this may be still further increased by storage at the head
waters. The power capacity of a river may sometimes be increased
by such means by 100 or 150 per cent or more.”

On his appointment as Chief Engineer of the Hydrographic Survey of
India, Mr. Barlow decided to make a preliminary tour over India and Burma,
in company with Mr. Meares, in order to get in touch with those who could
further his enquiries, to explain the objects in view, and to visit any special
localities to which his attention might be'drawn, if time could be foiind for this.

the period available it was gnly possible to spend a long time in one
Province by omitting others, so it was decided to visit the headquarters of all
and to allot what time remained during the season 1918-19 mainly to Burma.
As a preliminary step, and in order that engineers in the Public Works Depart-
ment might know where best to look for possible sites within their divisions,
all Chief Engineers were asked to distribute copies of a note on “ Practical
Conditions in determining the value of Water Power for Electrical Purposes”
repared by the Electrical Adviser to the Government of India. At a later
te Mr. Barlow himself prepared a less technical note for the use of officers of
other services wifd might be able to assist in the enquiry, and this has also
been circulated extensively. It is reprinted in Appendix L

The following is a brief diary of the places visited during the cold weather

of 1918-19. .

1918 November 15 to 17 . . Delhi . . . Preliminary meeting of the two
officers.
November 23 to 27 . . Cawnpore . . Mr. Barlow and Mr. Meares.
N%gl;f}z;o;}to} . Nagpur . . . Ditto.
December 4 to 8 . . Bombay . . Ditto.
December 10 to 14 . - . Madras . . . Ditto.
Pecember 16 to 20 . . Caleutta . . Ditto.
December 21 to 22 . . Patna . . . Ditto.
1919 January 2 . . . Delhi . . + Mr. Barlow only.
January 4 to 6 . . Lahore . . . Ditto. /
B2
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January 7 to 8 . . Peshawar . . Mr. Barlow only.

January 16 to 17 . . Shillong . Mr. Barlow and Mr. Meares.

January 18 to 19 . . Cherrapungi . . Ditto.

January 20 . .. . Shillong . . . : Ditto.

January 22 to 23 . . Jatinga river . . Ditto.

January 26 to 28 . . Nagrakata (Jaldaka R) Ditto.

January 30 to 31 . . Calcutta . . Ditto.

February 4 to 6 . . Rangoon - . Messrs.  Barlow, ~ Meares and

Raikes.

February 7 . . . Toungoo . . Ditto.

February 8 . . . Thandaung . - Ditto.

February 9 . . . Toungoo . . ) Ditto.

February 10 to 13 . . Kalaw and Toungyi . Ditto.

February 14 to 16 . . Mandalay Ditto.

February 17 to 18 . Maymyo Ditto.

February 20 . . Naymyou . Ditto.

February 22 . . Maymyo . . Ditto.

February 24 to 25 . . Mandalay ' Ditto.

February 28 to } . Yenan : .
March 1 gyaung . . Ditto.

March 3 to 7 . . Rangoon Ditto.

March 28 . . . Jalpaiguri - Mr. Meares only.

March 29 to 31 . . Darjeeling Ditto.

April 1 to 2 . . Jalpaiguri Ditto.

April 3 to 7 . . Jaldaka River . Ditto.

March 10 . . . Calcutta . . Mr. Baclow only.

March 13 to 20 . . Meerut Ditto.

March 21 . . . Bhola Ditto.

March 26 . . . Aligarh Ditto.

March 30 to 31 . . Amritsar ) . Ditto.

April 2 . . . Lucknow Ditto.

April 4 . . . Narora . . Ditto.

April 9 . . . Narora . . . Mr. Barlow died. )

Aprib14 . Simla

D the visit £ B : e B . . Report begun,
uring the visit to Burma Mr. B. Raikes, Deputy oller of Muniti
and formerly Electrical Engineer to the Gov01'111116,}§lttz)fcl(3)3::1?1111L:\'g,f; M]‘}::ﬁons’
special duty to accompany the Chief Engineer; his knowledge of tl I,) o on
proved most valuable. During this period a'Certain numberbof IO i ountry
were examined, though only cursorily ; and local officers supplic%l uus-lf: g stes
information and promised to furnish more if their ordinary duties e g seful
to spare tlllle tlmel. ¥ dufies cnabled them
On the conclusion of the month in Burma, the objects of .
minary tour having been accomplished as far ailt\';l‘)]‘v;s:s?lilet]ile t‘ill}()]'e
Chief Engineer d.ecxded. that he and Mr. Meares should separat S e, the
independently until April when the report would be prepared '1it iy g{ld_work
tion that he hn_nself shou!d pay more particular attention t(; lo“ T? ; lf\j Inten-
storage reservoirs were likely to be required while Mr. Me; o iuies Where
high fall projects. . < Sltares mvestigated
At this stage of the enquiry Mr. Barlow contracted «
suddenlyat Narora, on the Qt?l A{)ril 1!)13.l IO‘IVI;SOI;;L?tgl ;;::-al};lmvx and di"d.
India is very great, for, despite his extreme carein record; Jovernment of
information received, his unrecorded impressions of localities Ing every item of
have proved invaluable when he came to compile tes and of men would

late Chief Engineer’s special talents, hoth of };g‘o:;lézgn Furthermore the
5 g

resulting from 33 strenuous years in India, are 1 And organization
. . s ost t 15 1 ad o .
gation. Pending fresh arrangements Mr. Meares rece(;vg'lnismgn Periont Investi:
on the work and to write this preliminary Report. ruetions to carry
.It will be realized that, owing to the absence of many off
Public Works and other Departments on war service it gas bec:x:s Ofl'tllﬁ
> | no lig

preli-

.

iNTRODUCTION. | . v

inatter for those who remain to give time to the special investigations required
on the Survey. In many cases the sites where power is likely to be found arc
only accessible with difficulty, and their examination may involve several days’
journey in country where there are no communications. Gauging operations
require technical knowledge and take up considerable time, but unless the
sménimum discharge of a river or stream is known with some approach to

accuracy any computations based on it may be very misleading. The dis--

charges of the main rivers already used for irrigation purposes are known, but
this is not the case with their tributaries—often likely to be of value—nor with
the innumerable mountain streams that have hitherto not been usedhat all. It
is unfortunate that such records have not been kept in the past, as the records
of a singie year, even if an exceptionally dry year, are a very uncertain guide.

Much valuable work has however been done in these unfavourable cir-
cumstances, and in the normal years of the future it is to be hoped that it will
be carried to a successful conclusion. It will bk observed that owing to vague
statements a good number of possible sitcs for power have not ye®been identi-
fied. A site should be located either by the exact map square in which it is
placed, in the 1 inch to the mile series, or by latitude and longitude. Nega-
tive results are in many cases enfered in this Report, as they will save useless
investigations in.the future. .



Simia Hydro Electric Works;

PRELIMINARY REPORT.

Note.—1In this Repert. unless the contest shows that 2 more restricted meaning is intended. “India”
is used in its geographical sense as meaning the whole of India and Burma together with the Native States and
adjoining territories whose waters find their way into British territory. Similarly the terms Bengal, Madras ete,
include the neichbouring States whose walers enter the DProvince, and it is not intended to mean that the
P'rovinee in guestion nevessarily has the rizht of development.

CHAPTER I.—WATER POWER IN GENERAL.

1. The basis of water power.— Wherever there is a great natural water
fall, such as Niagara or the Cauvery Falls, the public realizes that there is
immense power capable of utilization in the service of man ; this is the most
ohvious and spectacular as well as the simplest instance of water power, and
most of the early hydro-clectric installations utilized such natural falls. In
order to make it clear how the power is obtained, and how its amount may he
caleulated, this typical case of a waterfall will be hriefly examined, as it is
essential to a proper comprehension of the whole subject matter of this Report.

Pipes are led from a convenient artificial reservoir pr < forebay 7 fed from
the river above the fall to a power house at the foot of the same, and the
water is passed through these to turhine wheels which generate mechani al
power. The turbines may he used to drive any kind of machinery, hut in the
majority of cases theyv are used to dvive clectric generators from which eleetri-
cal energy is transmitted to wherever it may be wanted. The power is obtained
from the weight of water falling by gravity through a certain vertical height ;
in the unharnessed waterfall the power is till there, but it is wasted in heat
and in breaking up the rocks at the foot of the fall.  Controlled by man
nine-tenths of the power can he made available on the turhine shaft, and only
one-tenth is lost in the conversion.  Coming now to the actual computation of
the power, or the rate at which the controlled waterfall is doing work, this is
expressed in horse-power (h.p.). Unfortunately there are many different varicties
of horse-power, and even among engineers they are frequently confused. Thus
there is the theoretical (hut unobtainahle) water horse-power  (w. h. p.) in the
stream ; the mechanical or brake horse-power (b, h. p.) given off from the
turbine shaft, which is less than the former hy the losses in the turbine ; and
finally the electrical horse-power (c. . p.) given out by the electric generator
which converts mechanical into electrical powet, which in its turn is less ;an
{he brake horse-power by the losses in the aenerator. These three 3% on1
fundamentally of the saine calue, (i.e. 530 foot pounds per second) 80
comes to this ; that as one gets further from the actual source of pot
available amount of h. p. diminishes, owing to the fact that cvery COnVversion
involves some losses.  For the purposes of this Report the clectrical horse
power given out by the generator will he the unit generally employed, with
the kilowatt (kW) as an alternative in hrackets when necessary, so that the
reader need not he troubled with the explanation of electrical units.  Neither
w. h. p. nor b. h. p. need he further considered. The whole of the data available
far thix Report are indeed so sketehy that no serious error would result from
confusion between the various units.  They are however examined in detail in
Appendix IV.

With a given flow of water the power is proportional to the fall, i.c. 1,000
foet fall will give twice the power of 500 fect, and so on.  Again, with a given
fall, the power is proportional to the flow, so that 100 cubic feet per second will
aive twice the power of 50. The fall (or head) is expressed in feet, and may
be taken as the difference in level between the point where the water is taken
into the pipes (or the head waters where no pipes are used) and the point where
it is discharged from the turbine (or the tail waters in a canal or other low
fall). The actual net head is slightly less, but this need not be considered af
present, The flow of water 1s ordinarily measured in cubice feet passing a given
point per econd, often abbreviated to seconds-feet,” but the irrigation term
¢ ousee s in general use in India and will be used in this Report.  The effici-
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ency of plant varies greatly according to its size and working conditions of
load, but here again it is unnecessary to go into fine detail.  An overall effici-
eney from the water to the electrie generator of 80 per eent will be taken as
the basis in this Report.  Thus the simple formula for the potential clectrical
horse-power obtainable from any project is :
_ cusecs flow X head in feet
e.h.p.= == e
Further technical details will be found in Appendixes I and IV. As an
example, the following may be considered ;
(a) Head or fall 1,600 feet; flow 11 cusecs ; power 1,000 e. h. P
(6) Head or fall 100 feet; flow 110 cusecs ; power 1,000
(¢) Head or fall 10 feet; flow 1,100 cusecs ; power 1,000

4]
L]

2. Useless sources of water power.—~Having considered the ease of the
natural waterfall the other extreme may now be dealt with, namely where
there is only a small and fluctuating rise and fall in the water. Correspondence
and the records of the Patent Offices show that there is a widespread idea that
much power is going to waste in the tides and in the slow moving rivers of
the plains; this is true, but in the upshot it is commercial and not

cngineering considerations that must necessarily prevail, and these are against-

the utilization of such sources of power. Inventors in inodern times have lone
een anxious to utilize the immense force of the tides, shown by their destruc-
tive action on the coast and especially on artificial works designed to control
their fury ; but here there has heen no practical result, nof hecause the power is
absent but hecause its utilization would generally he prokibitive in cost.
Aeain, tidal rivers are a fruitful source of disappointment. It may in favoura-
ble conditions be possible to impound the rising water by a dam and thus to
obtain the benetit of a fall, both when the tide is rising and again when it is
falling; but apart from the enormous capital cost that would generally he
involved for a comparatively small amount of power there is the additional

difficulty that there would be no power available when the waters on hotly -

sides of the dam were at the same height.  Once again, mindful of the old
undershot water wheels that helped the windmills to grind the people’s flour,
the possibilities of the great slow flowing rivers often appeal to the fancy as
sources of power; hut here once more, though considerable power may he
roing to waste, considerations of cost generally prevent any practical use of {he
power. It comes then to this, that in the absence of a definite and aver-present
fall of at least several feet no water-power scheme is likely to mature as a
commercial success.  (f water were the only source of power the outlook
would be different ; but it is generally in active competition with other avenls
sueh as coal and oil, which are dealt with later in this Report.

3. drtificial waler falls.—Strangely cnough the possibilities that lje
between these extreme cases are often overlooked by the layman wntil atten-
tion is drawn to them, for the greater part of the world’s water power 1s now
obtained from what may be called artificial water falls. A stroll along the hed
of a hill nullah will demonstrate the enormous power of water running down
a mederate slope.  Boulders the size of a house will he found insecureljr perch-
ed in the middle of the stream, with the certainty that they have come down
from higher ground and will sooner or later continue their course towards the
ereat rivers ; indeed the valleys themgelves are sufficient evidence of the power
of water to do destructive work. It is the hydraulic engineer’s husiness to
turn some of this waste to constructive ends, though his utmost efforts will
only be as dust in the balance.  In order to utilize the power of a mountain
stream it is necessary to divert the water from the rapidly sloping natural hed
into a gently sloping artificial channel along the hill side ; then, after travers-
ing this for a longer or shorter distance, the accumulated fall of the river hed
can be concentrated at one point and a fall of many hundred (or even some
thousands) of feet obtained ; in fact an artificial water fall has been created,

+. Besgerroir projects.—So far the existence of a running stream has heen
postulated, bt this may generally be supplemented, and sometimes replaced,
by storage of water at the top of the fall; whether this is practicable depends



Tata Hydro Electric Works; 82-inch pipe near Forebay.

Tata Hydro Electric Works; 200 feet towers on transmission over tidal creek,
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on the configuration of the ground in the first place and on the geological
formation when a possible reservoir site has been located. Artificial regulat-
ing reservoirs of stone or concrete containing two or three hours’ reserve supply

inst & bregk in a communicating chanpel or at the headworks are nqt here
referred to. A further point for consideration in the utilization of natural
reservoir sites is the value of the submerged land ; this may on the oneé -hand
be barren waste or, on the other, highly cultivated land containing .villages,
the inhabitants of which must be displaced and provided for elsewhere.

The best example of this type of project is that of the Tata Hydre-glectric
Power Supply Company in the Western Ghats, which is operated entirely from
witer stored during the few monsoon months ; this is regulated to give the neces-
sary flow to the turbines through a fall of some 1,750 feet. Several other simila¥
projects are under construction or investigation in the same district, but in

some localities where reservoir sites of large capacity can be traced on the map™

the rocks are so fissured that a high dam would be uscless. The most, likely
area for projects of this nature, after the Western Ghats, is the Cherrapunji
plateau in the Khasia Hills, where the rajnfall over a small patch of ground at
an clevation of more than 1,500 feet abo%lthe contiguous plains is enormous ;
surveys have not yet been undertaken, but a superficial examination of the ground-
with an Abney level proved disappointing. Reservoirs of large size would
require high dams, and this particular afea is subject to severe earthquakes,
rendering the ““ gravity "’ type of dam dangerous. The future of reinforced
concrete has however to be reckoned with, and this form of construction may
come to the rescue. A further difficulty here will be that of getting rid of the
enormous surplus water during heavy falls, which occasionally amount to. as
much as 35 inches in a single day, or nearly 2 million tons per square mile of
catchmept area. Unless there are feasible sites for flank escapes of sufficient
lcapacity it may be impossible to utilize this platean, even if the dams can be
huilt. A

As 100 million cubic feet of water stored will in practice only give some.
8 cusecs throughout the year, or 6 cusecs for the dry half year, 1t will he
realized that storage must he on a vast scale where large power is to be de-
veloped from it alone, even when working on a very high head. On a low
head this type of project is impracticable.

Nevertheless storage on a moderate or even on a small scale may be in-
valuable as an adjunct to & perennial stream. For whercas power is for the
most part only required for some 10 or 12, hours a day, and the requirements
fluctuate during this working day, the stream will flow on ; so if the unutilized
flow during the 12 or more idle hours can he stored it will allow at least double
the draw-off during the working hours, and will thercfore double the amount of

power,

5. Combined-irrigation and power projects.—India contains a vast system
of irrigation works in the form of canals fed hoth by perennial: rivers and from
storage lakes. Hitherto the combhination of irrigation and power has not made
any great strides, although a few canal falls have heen utilized and the
harnessing of the Perivar Lake has been discussed for a generation, The main
disadvantage of such power is its discontinuity ; in the first place canals fed by
tanks or lakes with a limited supply can pnly he run when the water is needed
far the crops, and, secondly, canals fed by silt hearing rivers have to be ‘closed
periodically for repairs and cleaning out. To prevent Lreaches canals must
le closed when rain, sufficient to take carve of the crops, falls. Very few, if
any, of the Northern India canals have escapes capable of disposing of the
supply once the demand slackens, and very few could he provided-with escapes
at any reasonable cost, if at all.  So long as the power is being used to
pump water up to irrigate arcas uncommanded by the canals themselves, or
to drain water-logzed land by means of tube wells, stoppages do not matter ; for
they occur when these operations would be in abeyance. Where however
power is to be used for ordinary industrial purposes it may he a-serious matter
if hoth the capital and labour employed are kept idle for weeks.  Reserve steam
or oil plant may then he necessary, and this involyes large additional capital

cost,
¢

f
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In any part of India where further irrigation works are needed there may
be an opening for the combination of these with power supply. Where large
reservoirs are involved this is evident, for the tail waters from the turbines
may be discharged directly into canals. It is probable that, in order to get
suitable ground for such a canal, it may be nccessary to sacrifice some
“head”’ on the power plant ; but that can well be faced, as such a combhined
project might pay where it would not do so if confined to either irrigation or
power. The cost of the storage works would be met by both undertakings.
In the case of the canals fed by perennial rivers the same combination offers
attractions. Hitherto, as pointed out at the Punjab Engineering Congress in
1919, the possibility of utilizing canal falls for power purposes has not been
taken definitely into account in their design and layout ; thus there will,often
be several small falls in a few miles of canal where a single fall would have
heen practicable and would have heen far better for power development. It is
to be hoped that in future this will be borne in mind.  Several small falls are
however preferred for irrigation purposes on the score hoth of economy in cons-
truction and of facility of command.

6. Descriptive Classification of walter power.—Ilaving cleared the ground
by explaining the “general idea” of water power the various types met with
may now be further classified. In the first place a scheme may he developed
on :

() a high head
(#3) a medium head
(#13) a low head.

There is no exact line of demarcation between these, except according to
the type of turbine wheel gencrally adopted. Thus high heads are those in

“which the Pelton type of jet impulse turbine is used, generally from 300 or 100

feet up to the limit of nearly 5,000 feet ; the flow of water required for a eiven
plant is here the minimum. Low heads are-.those in which pressure or
reaction turbines are used, either completely submerged or with draft tubwes,

" extending from the lowest practicable limit of aliout 3 feet up to about S0 feet
"and requiring a very large volume of water. Medium heads lie hetween  these

extremes and employ a variety of types of turhines, mostly impulse, but
generally not of the Pelton type except in America.

The second basis of classification is according to whether the water supply
is perennial, or from reservoirs, or a combination of the two. )
Yet again, there are various methods by which the head or fall is obtgined,
riz. :— ’

(«\LA natural waterfall with merely a pipe line conveying the waters
from above the fall down to the turbines in the power house
below it, as deseribed in the first paragraph.  This may be a high,
medium or low fall, fed by a perennial stream, or storage, or both.

(3) An artificial fall created by a dam aloxe, the water being taken from
the upper level to the lower level through the turbines. Some-
times the power station itsell will be contained in the interior of a
hollow dam. Such an arrangement may be utilized for either a
medium or a low fall. A succession of rapids in a river is often
dealt with in this manner, and a canal fall is a special instance of
it also. The water stored behind the dam will generally remain at
the highest level, constantly fed by the stream or canal, and if it is
drawn upon the fall available will soon diminish or even disappear.
If however the' waterspread of the reservoir is great it will
cenerally be permissible to use it for regulating pur;;oses, as a few
feet of depth may he sufficient when utilized to allow the whole
incoming flow of the day to he used during the ordinary factory
hours. ) )

(¢) An artificial fall, developed by tapping a perennial stream or a
reservoir at a high level and conveying the water in an artificial

~ channel to a point where pipes can be taken down to a power house
at & lower level. Very high heads are invariably. so obtained, and
the method is also applicable to medium heads and even to very low
heads, such as combinations of two or more canal falls. The supply

DARJEELING
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may be either perennial, or from storage, or from a combination of the
two. There is great variety in this class of project. Ordinarily the
artificial channel, which may vary from a ditch to a large canal or
from a galvanized iron or concrete culvert to a huge wooden flume, is
taken along the contours of the hill side on a very gentle slope of
from 1 in 500 to1in 2,000, Sometimes the stream will make a great
hair-pin bend, and a tunnel through the intervening spur will save
miles of open channel and many feet of useful head, while avoiding
eround on which landslips may occur and cause interruptions to
the supply. Again, there may be abundance of water in a high
valley sloping very gently away to the plains while on the opposite
side of the watershed there is a steep fall offering a far cheaper
development of the pipe line and a better site for the power station ;
here the water may be taken through the watershed in a tunnel and
then piped down to a power house in another catchment ; or again,
several different streams may be tapped and channels from each of
them led to a single point where there is a good fall. A perennial
flow is almost invariably a feature of such schemes, but this may be
supplemented hy storage; and this storage either may be of com-
paratively small amount at the top of the pipe line, for regulating
purposes, or may be at the source of one of the channels or in the
upper reaches of the stream, for augmenting the supply over long
periods.

Instances may he found of all these types and of many minor variations of
them, and in any given case it is not difficult to decide which method of
development will prove feasible. In dealing with any project that may be
classed as “low head”’ special difficulties are met with owing to the great
seasonal variation in the water level ; the monsoon rains, or even a local storm
may cause a great rise in the level and it not infrequently happens that the
rise is greater below the power house than above it, so that the available fall is
diminished. In narrow channels this is particularly likely to occur, so a gorge
is generally a bad location. '

The illustrations and layout maps in this Report illustrate varieties of
type (¢) above, as will be seen from the data relating to the Darjeeling, Simla
and Tata works in Table 1, para. 23, Thus, at Darjecling (Frontispicce and
Map 1) three separate hill streams are brought by small contour flumes
to a masonry reculating tank which feeds the pressure pipes of the turbines;
this tank is also fed by the tail waters of a subsidiary power station above it
which taps one of the same streams at a higher point. In the case of Simla
(Plate 2 and Map 2) a single stream is led by a concrete flume to the masonry
regulating reservoir ; thence a closed conerete pipe leads to the forebay from
which the pressure pipes take off. In both these instances perennial flow is
depended on, as the storage is only sufficient for a few hours; and settling
tanks are provided to deal with the large amount of silt and débris brought
along the channels. The Tata works (Plate 3 and Map 3) devend entirely
on storage from three lakes, which, by means of canals and a tunnel through
the watershed, feed the forebay from which the pressure pipes run down to
the power house.

c?



CHAPTER II._-WEATHER AND WATER.

7. Incidence of roinfull—In certain important respeets India differs from
most countries whose natural resources in water power are now heing  investi-
cated 5 for the rainfall is seasonal, and during many months only occasional
thunderstorms  break the monotony of dry weather.  Generally speaking
there is the monsoon period and the dry period, bhut in the South there are two
distinet monsoons, the South-West and the North-East.  The variations in the
rainfall in different parts of the country e enormous, and the departures from
the monthly and annual normals in any given locality are also very  great,
Apart from canals, it is to the mountainous regions that we must look for
water power, and here the rainfall is naturally createst 5 especially in those
hills that first cateh the moisture laden winds from the sea. The great central
plains of India mostly have low raintall, hut here comparatively little power
would in any case be found owing to the extrenmely small slope of the cround
and the ereat variations in the normal water levels.

The arid arca in the North-West covers mountainous districts, mostlv
trans-frontier, and even it power were available it is doubtful it much use eould
be made of it in such unsettled country.  This Tast consideration applies also to
various mountain rances in the Northern Burma region, which are cither
« Tnadministered Areas ™ or are inhabited by uneivilized tribes; but in some
of these areas there is vood raintall.

Except in localities where storage on a very large scale is possible, such
as the Western Ghats and possibly the uplands of the Central Provinees, the
areater part of the monsoon rainfall of India must necessarily pass to the great
rivers and canals undeveloped for power purposes. Thus for example, take the
ase of the Jaldaka River in the Bengal Duars, a stream with  considerable
possibilities 5 it has a catchaent area in the ueichbourhood of 250 square miles
above the point where it enters the plains, and the annual rainfall is not less
than 150 inches ; probably it may average 200 mches. This nearly all falls
in the 7 months of April to October and amounts to some 75,000 million cubie
feet, wiving an average flow of nearly 1,000 cusees and a maximum {low
enormously ereater. Yet the flow zauged in April 1919 was no more than 170
cusees.  Clearly in the absence of a phenomenal reservoir site —and  the
Himalavas appear to afford few such —most of this water must run to waste.
Furthermore the control of such a river, when a single day may bring 10
inches of rain or more, is no licht problem s and this iy one of the smaller
rivers in the district, It serves however as a good example ol many  potential
sourets of power. .

The Bhakra dam project on the Sutle), now under detailed investication,
has drawn attention to many other sites that may prove suitable for storage
both on the Sutlej and Ravi rivers, and similar sites may be found on other
northern rivers,

S, Pevennial ond seasonal rivors— s the vesult of the conditions dis-
cussedd in the preceding paragraph many of the rivers and streams of Tndja fall
to a very low ebh, or dry up altogether in their higher reaches, before the end
ol the drv season.  Where this is so development by monsoon storage s the
only method of getting continuous power, and this ix not possible in most
localities. It is true that discontinuous water power may be of value in parti-
cular instances, either for utilization in industries that are only manufacturing
during the rainy season, such as tea, for which the power demand  for (h-qu
andd other processes is very larze ©or for any purpose in combination with
reserve plant driven by steam or other fuel. In cither of these instances how-
ever the cost of the power will he higher than it would be it continuous, as the
capital charges on the plant are higher in the second case and spread over a
shorter working period in the first.
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The perpetual snows of the imalayas are responsible for the hot wecather
flow in most of the perennial rivers of Northern India, and may prove an assct
of immense value for industrial power just as they already arc for irrigation.
Even the comparatively low lying snows will last on well into the hot weather,
feeding the springs and keeping up the volume of water. There is however very
little of this “White Coal” (kowille blanche) in other parts of India, and such per-
cnnial streams as exist are spring fed.  Burma is especially well off in this res-
pect, but often the springs which appear at one point will disappear in a similar
cleavage a little further on, so that there is only a slender chance of leing
able to supplement the flow  with storage in ground so badly fissured. The
disadvautage attaching to the IMimalayan snows is that they lie almost exclu-
sively in trans-fronticr regions, and exhaust most of their fall to the plains
in Kashmir, Tibet, Nepal, Sikkim and Bhutan. The Lhoundary lies for the most
part near the foot-hills, and while the water can be used thercafter for
irrigation it has reached the inert stage (paragraph 2) from the power point of
view.

0. Rainfall and run-off —Into the highly technical subject of rainfall and
run-ofl it is only necessary to dip fora moment. Clearly all the rain that
falls in a given catchment area will not at once (i ever) find its way to the
stream in the valley; some will evaporate altogether, or sink into the ground
to feed springs in other catechmeonts, or be absorbed by vegetation, and the
more gradually the rain is precipitated the greater will be these losses.  Very
light rain after a dry spell may not alfeet the flow of the stream in the slight-
est degree.  Again, if the ground is steep, barren and rocky there will be a
much more complete flow from it than if it is gently sloping and covered with
vegetation.  The percentage of the rainfall that reaches the stream is called the
run-oft.

If the rainfall over a particular catehment arca in any period is known,
and the stream flowing from it can e eauged, the pereentage of run-off can
at oncee be caleulated for the conditions obtaining during that period; hut
the rain-zauge readings must he taken at a number of points in the catchment
——the more the better —inorder to ascertain the actual amount of precipitation.
[n addition to the very large differences of average rainfall in different
countries and localities, and the areat variations from the average in particular
years, the distribution of ¢he tall month hy month and day by day must be
taken intoa-count.  Minimum discharges on small catchments may vary 1 or 8
fold in different years, and are extremely difficult to calculate ; a long serics
of rainfall averages will however, indicate to some extent the relation between
the unknown discharge of an exceptionally dry year and the known discharge
of a particular -year. Intellizent  guesswork  of this naturc presupposes
knowledge of local conditions and long experience. :

TFormulie for caleulating the maxinuan run-ofl from a catehment have heen
devised by many Engineers, Dut they all employ coefficients which it is impos-
sible to ascertain without a comprehensive study of the nature of the arca and
the rainfall.¥ 1t may however he accepted that a study of the daily rainfall
ohservations over & pcriud of 30 vears will give a fairly accurate idea of the
conditions whichare likely to oveur in future, andif different pereentages of
run-ofl are assumed for light, mediunt and heavy falls, depending on the nature
of the catchment, a fairlv accurate forccast can he made.

As a practical example of the method the following empirical table was
tentatively adopted by the late Mr. Barlow, in the United Provinees.

Light fulls under !inch in 2t hours should be entirely omitted unless
continuous for several days ; falls from } inch to 1inch in 21t hours should be
omitted if there has been no fall betore or after.  Falls from 1 inch to 1} inch,
when not tollowed or preceded by <imilar or greater amounts, are considered
light.

Medivm falls are those from 1 inch to 1} inch when followed or preceded
by any but Licht falls; also all falls from 11inch to 3 inches.

® e ctapters ot P aintad ™ and @ Maximum fow off catvhment” in Bueklev’s * Lrrigation Pocket

Book.”
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Heary falls are those over 3 inches or continuous falls over 2 inches a day ;
also all falls of an intensity of 2 inches an hour or over.

. Table showing percentage run-off assumed.
A B C h E
Light falls . . . . ] 3 5 1 15
Medium falls . . . 10 15 20 25 33
Heavy falls . . ) ) 20 35 o 35 70

A = flat cultivated and black cotton »uil catehment.

B=flat partly cultivated and stiff svils.

C=average catchment.

D=hills and plains with little cultivation.

E=very hilly, steep and rocky with very little cultivation.

Obviously such a classification would be unsuitable in most parts of Europe
or America, but it brings out clearly the naturce of the variations to he met with
in a particular locality. A thunderstorm with a rainfall of § inch in 20 minutes
would give double or treble the run-oft of the same fall spread over a day ; bhut
nearly all rainfall observations give the daily fall and not  the hourly intensity.
The classification of daily rainfall over a long period sounds a serious proposi-
tion, but is really a matter of clerical labour only. Owing to the disturbing
effect of hills, ete. isolated ohservations at one point of a catchment may he very
misleading ; hence the necessity of many gauging stations wherever possible.
Rainfall contour maps are only usetul as a general guide, unless prepared on a
large scale from observations made for the purpose,

In India the rainfall varies in different localities from 450 to a few inches,
mostly precipitated in about 4 months, while cateliment areas vary in nature
from waste sand to steep rocky country. In some parts the ground is highly
cultivated or covered with dense forest, while in others there is hardly any  soil
or vegetation ; the soil itself varies from the stiffest clay to the lightest loam or
sand.  With thesc variables it is casy to realize that the run-ofl must vary
greatly and is incapable of treatment by any general formula of universal
applicability.

Evaporation and percolation.—Apart from the fact that a considerable
percentage of rainfall is evaporated before it reaches the big rivers, as well as
from their surface, the question of evaporation arises wherever long canals or
large storage reservoirs are emploved.  The actual amount of evaporation varies
so much that no general figure would be of the slightest value; in India it
may he as much as 6 fect in the year, but for details of many known reservoirs
Buckley’s “ Irrigation Pocket Book ” may be referred to.  Percolation and
absorption also account for no small amount of the water entering a canal in
natural ground or a reservoir, but the loss must obvicusly he determined in cach
case as it arises.

Where rivers are fed from the highest mountains the precipitation is
largely in the form of snow, and the immediate run-off is small ; the meltine of
the snow from about April onwards coincides with the driest season, and thus
tends both directly to equalize the flow of the rivers and also to feed distant
springs. At times however the more sudden melting of the snows brines
down heavy floods, whether due to rairfall, as on the north-west fronticr, or
to hot winds, as in the Himalayas further east. Lo a certain extent also level
marshy ground has an equalizing effect, acting as a sponge ; and this property
may be very valuable as it can in some cases be reproduced artificially by a
series of low embankments and terraces. T

10. The measurement of a discharge.- Wherever a stream offers possibili-
ties of water power it is necessary to ascertain the minimum flow of water iniit ;
this however may involve waiting for years, as it is only after an exceptionally
dry season or succession of dry seasons that the true minimum is reached ; and
as this was the case in many parts of India in thd cold weather of 1918 it may
not recur for a long time. A cycle of about 30 years is required to determine
the definite minimum, The minimum discharge of any year is however of
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value, as some indication of the true minimum may thon be obtained by exa-
mination of rainfall records in the neighbourhood, especially if the average
run-off is known. . To the skilled observer the method of taking a dischar
is familiar ; the usual constants will be found in Appendix II. Many persons
not accustomed to this work—especially Forest officers and followers of Isaac
Walton—may, however, be able to render invaluable help by estimating the
flow of stréams in out-of-the-way places. The amount of water in cubic feet per
second (cusecs) flowing past a given point in any open channel is found by
multiplying the “cross-sectional area of the waterin square feet by its mean
velocity in feet per second.

Where the correct methods and co-cfficients to be employed are unknown,
the following very approximate method may be adopted :—

Select a straight reach of the stream where the flow is uniform and where
there are no noticeable poots, and mark off with pegs any convenient length of
fatly uniform width. Then measure as accurately as possible the width of the
stream, and find the average depth by soundings at intervals across the stream.
Then throw into the centre of the stream asmall stick and note the time it takes
to pass along the marked length; repeat this 4 or5 times to climinate errors.
Then the run or length in feet divided by the average time in geconds gives
the velocity on the surface. Then the cross-seetional area in square feet mul-
tiplied by the surface velocity in feet per second and divided by two will give
the approximate discharge in cubic feet per second.

For instance, suppose the length marked off is 100 feet and the floats take
an average time of 50 seconds in passing along this length, in a stream having
a width of 10 feet and an average depth of 1} feet. This gives a cross-sectional

area of 60 square feet. The surface velocity will then he 2 feet asecond and

. 2 feet a second x B0 square feet
the discharge ~— LN =60 cusecs. :

The reason for dividing by 2 is that the mean velocity throughout the channel
is much less than the surface velocity, and the rougher and shallower the hed
may be the greater will be the disproportion ; in the worst cases it is about half.

" It sometimes happens that soundings cannot he taken in unfordable hill
streams, and another very rough method which has proved of occasional use may
he mentioned. Gaugings were required of a river, partly snow fed, at its
junction with a smaller hill stream.  The discharge of the latter wae satisfac-
torily detérmined, but that of the former could not he measured. The temper-
ature of the larger river was found to be 60°; that of the smaller one 61°; and
of the combined river some little way down stream 61°. Then the volume of the
large stream is thrice that of the smaller, for

60x3 = 180 .
\ Géx1 = 64
4 mto 244 gives 61°,

*



CHAPTER III.—LOCALITIES AND SURVEYS,

11. Geographical considerations.—Leaving aside for the present the canal
falls and low river falls that it may be possible to develop in the plains a
clance at the layered 16-inch Atlas sheets of the Survey of India shows that
(without going into details) the following mountainous or hilly regions promise
medium and high falls, where there is water enough to use them.

(i) The whole of the Himalayan and associated ranges that mark the
Northern frontiers of India, from the Quetta District in the west

right into the Northern Districts of Burma. DPerpetual snows feed .

the great rivers and many of the smaller ones along the whole
reach. (Atlas sheets 31, 35, 38, 39, 13, a corner of +4, 52, 63, 62,
a corner of 63, 71, 72, 78, 83, 92). Unfortunately a great propor-
tion of this territory lies outside British India; in Baluchistan
and Afchanistan on the west, Kashmir and Jammu in the middle
West, Tibet and Nepal in the central “distriets, Bhutan and Sikkim
in the East and finally Yunnam in the extreme East.  The Western
part of the region is in the dry zone, and for the most part is not
likely to offer much power; the remainder has considerable possi-
bilities (ride rainfall map). Sheet 78 also contains the Khasia hill
group, with high plateaux and great rainfall.

(i7) The West coast, comprising the hills from the Aravali Range in
Tdaipur, the whole of the Western Ghats, the Nilgiri Iills, and
on down to Cape Comorin (Atlas sheets 13, 46, 47, 1S, 19, and the
Western part of 58 ; sheets 40 and +1 have no hich eround and
scanty rainfall). "

(7ii) The East coast from the Eastern Ghats and Ganjam down to Cape
Comorin. Atlas sheets 57, 58, 65, 66, 73, T1; sheet 79 which
includes Calcutta offers nothing except perhaps in the patch of
the Chittagong hill tracts at the Eastern corner.

(iv) Of the remainder of the peninsula, inland, there is prospect of but
little power in the parts of Rajputana, Central India and the United
Provinces shown on Atlas sheet 5. The Central Provinces have
considerable possibilities in the arcas shown in Atlas sheets 55
(comprising the Chhindwara area) and 61, while the Bundelkhand
and Baghelkhand hills on sheet 3 also merit further investization.

. Hyderabad and the surrounding districts on sheet 56 also have
considerable elevation, but the rainfall is precarious and there does
not appear to be much indication of stecp falls to the lower ground.

(o) Practically the whole of Burma, hoth the coast line and the interior
up to the Shan States, offer great possibilities, especially as there
are far more perennial rivers and streams here than clsewhere.
(Atlas sheets 81, 83, 93, 91, 95, 96, 102).

12. Maps and existing surveys.—The Atlas sheets of India, which have
been quoted in the preceding paragraph, are for the most part complete in the
layered edition though a few are still in the preliminary or provisional stages.
For the initial examination of a possible water power site no map on a scale of
less than 1 inch to the mile is of much value, and then only if it is contoured.
Many sheets on this scale have heen issued by the Survey of India, hut many
still remain to be done ; and, of those issued, a laree number are not  contoured
hut only show hills by “form lines” or “hill shading.”  Form lines are of
little value in deciding how a channel can be taken from one point to another,
or what capacity a dam will give, while these can be determined approximate-
Iy on even a 1 inch contoured map.  Hill shading is valueless for the purpose.
It is particularly unfortunate to this investication that so many of the most
likely hills have hitherto not heen mapped in detail, though it ix quite natural
that the more civilized areas should have been done fiest.  For wator power
will as often as not he found in remote and inaccessible hill jungles, of
interest only to the sportsman and the Forest Officer.  Forest maps, ona seale
of 4 inches to the . mile, contoured at 500 foot intervals with intervening form
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lines, are available for considerable tracts of country, including much high
cround that may contain water power.  Where this is so these maps are 1in-
valuable, but they are apt to end in a tantalizing manner Just at the mid-point

.of a possible project, and there are many gaps in the middle of mapped arca-.

In addition to the al:ove there are cerfain arcas mapped on the scale of 2 inches
to the mile ; and the tracing out of contowrs on these is much less fatiguing
than it is on the one inch maps.

A careful study of the largest contoured maps which are available will be
found of ereat assistance in all reconnaissance work.  In dense jungle or rough
country it is frequently impossible to follow up the course of a stream, and
unless the maps are carefully studied it may casily happen that a useful fall or
a promising reservoir site is missed. .\ few examples are given below to
indicate the kind of information which can be obtained from maps : —

(«) A flat or a steep valley or hill side ix shown by the distance between
the contour lines.  The ¢loser the lines are the steeper the country
will be found.

() The distance between any two contour lines which cross a stream
will give the fall in that reach.

(¢) Absence of village sites and roads or pathways denotes wild or uncul-

Y tivated country. :

() Numeroux habitations on the hill slopes or in a valley in hilly
country denote cultivation, and generally springs or perennial water
in the streams.

(¢} When the discharge of a stream is known at a certain point, an idea
of the discharge at another site can gencerally be guessed by a con-
pavison of the catchment areas at the two places.

(/) By a study of the nature of the valleys and the hill sides, a fair idea
can be obtained of the general nature of the country, and its possi-
hilities with referenee to reservoir sites, slopes of  the stream, ard
places where an artificial fall for power purposes can he found.

() When a stream makes a long hair-pin hend, it is frequently possible
to obtain a wood tall hy diverting the water in a tunnel acioss the
neek of the hend, Neveral miles of a river can sometimes in this
manner he replaced by a short cut diversion of a few furlongs.

() Sometimes the slopes on one side of a water-shed are very steep,
while en the far side they arve gentle, when this happens it may he
possible to form a reservoir and divert the water through the hill,
and hy this means obtain a mest useful artificial fall.

(/) By tracing a contour line along both banks of a stream, {from any
Joint that gppears favourable for the head works of a power
schicnie, some idea can he oblained as to the possibility of carrying
an open channel along to where there is a steep fall. Often one
hank is much more favourable than the other, owing to the absence
of cliffs or large nullahs which would have to he crossed or to very
had rock, as «n the Jhelum Valley road, where the clay is found
now on one hank and again on the other.

Where no contoured map can he obfained it is impossible to decide
whether a development is practicable or not without a special  survey, a
lengthy and expensive matter.  An examination of the ground by a traiued
observer, who knows what to look for, \\if}l an Abney levely a pair of aneroid
barometers, and a thermometer, will however generally indicate whether such
a survey is ‘ikely to Le justitied or not. This however is not likely to be of
much value except in cases where the minimum discharge of the stream s
already known—aud it rarely is~ unless undertaken in the driest period of
the year, when gauging of the flow can he combined with examination of the
ground and the rouch deterwivation of Leights.

13. Aducroid swrveging. - For the guidance of any person who may e able
to examine new sites for water power it may he explained that while a
mere record of the difference in height hetween two stations as given by an
aneroid—i.¢. hetween a possible head works and a power house site—is of
value, the “reduction ” of such observations is not a ditficult matter.  If the
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date and hour of each olwervation and the temperatures are recorded the re-
ductions can be made when observations have heen sent in. -\1} aneroid (and
a mercury barometer for that matter) measures the atmospheric pressure, #o
the relative or absolute height of the station; but surveying ancroids are cali-
brated in feet of altitude as well as in inches of mercury, aud the difference of
two readings is an indication of the difference of level of the staffons.  They are
normally compensated for the varying density of air at ditferent temperatures,
50 that theoretically the varying temperature of the inslrument itself should
not affect its reading so long as the atmospheric temperature and pressure
remain constant. This however, is far from being the case in p.ra,ctxcc,
as may be seen by heating up an instrument. Furthermore a jar may
easily cause a large index error. Where difference of altitude can be quickly
measured several times in succession, without exposing the instrument to large
changes of temperature, results correct to a few fect can be obtained; where
however the readings are spread over a day’s work in the sun dlSCl'Cl).{lllcl(_‘.S of
as much as 100 feet may be found after reduction, even in the work 0! a skilled
observer, especially in the intermediate readings during the day’s march.
There are two corrections to be made :—

(@) for the alterations of the atmospheric pressure during the period

of the readings, including the diurnal variation ;

(b) for the temperature of the air.

As regards the former, the best n.lethod is to have two anen.»ids, one of
which is kept at one point and read at intervals, so that any rise or fall may he
allowed for in the readings of the other. 'This however is seldom pmctl'cal?lc,
and the alternative is to apply the average correction for the diug'nul varmthn
for India given in Molesworth’s “ Pocket B(?ok ” under the heading Ancrmd
levelling. ”  For all practical purposes one inch may bhe taken as equivalent
to 1,000 feet. This correction may amount t(') as much as 3() feet cither way.
It neglects any actual changes due to depressions, cte., which can however he
obtained from the daily weather reports; hut if readings are taken at the start
of each day these are seldom of importance.

The temperature correction depends on the added temperatures at the two
stations of observation, so these should be recorded at each reading. The
difference in height of the readings (assuming the aneroid to he graduated in feet)
has to be multiplied by a constant which will he found in Molesworth (loc.
cit), varying from unity at T+t=01" I. up to 1'137 where T+t=155" I,

As an example is always preferable to a reference to rules and -~ text books
the records and reduction of part of an actual survey are given in Appendix IIT.

°
CHAPTER IV.—POWER AND ITS USES.

14. Census of power used in Indio.—In connection with the hydrographic
surveys and coal conservation enquiries in various parts of the world endea-
vours have been made to ascertain the approximate amount of power used.
Thus in the Preliminary Report of the Water Power Committee of the
Cenjoint Board of Scientific Societies we find (page 2) : —

“ It is impossible to estimate with any pretentions to accuracy the power
now being used in the various countries of the world.  Indepen-
dent estimates, based on such data as are available, tend however
to show that it is of the order of 120 million horse power made up
approximately as follows :—

World’s factories, including electric lighting

and street railways . . 75 million horse power.
World’s railways . . . . .21, »
World’s shipping . . . . .24, s
Torar L1200, '

This includes all steam, gas and water power. )

Of the 75 million horse power used for factories and general industrial
and municipal activities, a rough approximation of the most
probhable distribution would appear to he—

United Kingdom . . . . . 13 wmillion horse power.
Continental Europe . . . 24 »
United States . P . . .29, »
British Dominions and dependencies . . 6 »
Asia and South America . . . .3, .

Enquiries were set on foot at an carly stage of this investigation to
ascertain the approximate power installed in various industries and localities
in India.  Previously this had only been done for electric pewer, where it was
found in 1917 that the total amounted roughly to 215,000 kilowatts or say
285,000 electrical horse-power, of which 36 per cent. was obtained from water
power*. The total units generated amounted to only 550 millions. For
demonstrating the backward state of electrical development the following
comparison with other parts of the Empire will be of interest.  The watts
installed per head of populationt are as follows :—

Watts per capita.

Canada . . . . . . . 118

Aunstralasia ~ . . . . . . 62

South Afriea . . . . . . Y

British Isles . . . . . . 33 = 1 ordinary glow lamp.
India . . . . . . Under 1

If population be a poor criterion let the arca per kilowatt (1% horse power)
installed speak :—

Britizh Tsles . . . square mile per kilowatt.

Sonth Afriea I 5 e ’

Canada . . . 33 square miles per kilowatt. .
India . . .6, s »

Australasia . . 1, - ” Largely uninhabited.

The following fizures are now available for the power of all kinds in use in
certain parts of India at present ; they are only approximations and are very
incomplete.  They have been compiled by the Directors of Industries or
Controllers of Munitions for the most part, and it has been impossible to enter

* List of Eleetrical Undertakings in India, 1916-17. i
t A project for providing the {'unjab with a chesp supply of Electric Power ;5 F. L. Milne, A.M.I.E.E.
{Proceadings of the Punjab Engineering Congress, 1919.)
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the full details here. Recommendations are however made for the completion
of this necessary work, in para. 31 infra.

Assam (all forms of powerj—

Brake horse power.

Cachar . . . . 4,040
Darrung . . . . . 2,980
Haligang . . . il
Kamrup 200
Lakhimpur . . . . . . . . 5,268
Sibsagor, Gealpara, Khasia and Jaintia Hills; Nowgong . 4,619
South Sylhet . ' . . . , . 700
Sylhet . . . . . . . 8,153
. ) o Torar o 22550
Bengal—

The returns compiled in this area, by the Controller of Munitions, are
particularly comprehensive in their details and are accompanied by a map
showing the totals in cach district exclusive of the Calcuita Industrial area.*
A few returns have not yet been received. The results are as follows :—

Brake horse power. | Brake horse power.,

Bakarganj . . . . +2  Malda . . . . . 12
Birbhum . . . . 34 Midnapore . . . . 2,750
Burdwan . . . 15371 1 Murshidabad . . 80
Calcutta area® . .exeluded ' Mymensingh . 45
Chittagong . . . . G697 . Nadia . . . . 145
Dacea . . . . ; S Pabna .| . . . . 26
Darjeeling . . . . 182t Rajshahi . . . . . 6
Dinajpur . . . . 25 Rangpur . . . . 29
Faridpur . . . . . 12 Tippera . . . . . 239
Jalpaiguri . . . 3100 —_—
Toran, . 25,318

)

The Calcutta Industrial area has the following known power, riz. :—

Jute  Mills about 55,000 b. h. p.
Cotton 10,000,

b2

160,000

In addition it contains the following number of works, of which the power
had not been estimated : —

Bone Mills . ) . .8 Miscellaneous . . . .
Chemieal works ) . .1 Oil Mills . . ) T
Cotton presses . . .3 Paper Mills : 2
Distilleries L2 Rice Mills 7
Encsineering works | . .38 Rope works 5
Flour Mills . . . . Saw Mids 1
Glass work . . . . | Shiy vards &
Tee Factories 2 Soup works 7
Jute presses . . . B Sugin Fuetories ]

These 162 factories may safely he assumed to have an averaee of not less
than 100 h. h. p. installed, or a total of 16,200 1. h, p.

Dedar and Orissa—

Except for the coal mines, which obviously do not require water power,
there are not many factories in this province ; and the low cost of coal and of
waste gases in the steel works would, in any case, militate acainst the sub-
stitution of water-power. The indigo industry employs very  little plant and
that only for a very short period annually.  There are sucar factories,
mostly small, in Darbhanga, Saran, Champaran and Muzalfarpur Districts ;
but their working season is only 6 months, and steam is in any case required
for extraction of the juice. Small oil mills are scattered over the Provinee,
Monehyr Distriet contains a tobacco factory using 200 horse-power and the
East India Railway Workshops using 2,000 horse-power.  Darbhanga  District
has the Bengal and North-Western Railway works using 125 horse-power and
in addition to the suzar mills mentioned above there are proposals for large rice
mills.  These however, following Rangoon practice, will probably use their own
refuse for steam raising.

# Tie Calentta [nduetrial aved includes the districts of Caleutta, 24 Parvganas, Hooghly and Howrah.
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Bombay (10 out of 14 districts ; Bombay City not included) — Brake horse power.
Ahmednagar . . . : . . 778
Belgaum . . . . . . . . . 600
Bijapur . . . . . . . . . 1,900
Dharwar . . . L . . . . 1,031
East Khandesh . . . . . . . . 7,975
Kanara . . . . . . . . . a5
Kolaba . . . . . . . . . 90
Nasik . . . . . . . . . 560
Poona (including electricity) . . . . . 1,830

Ratnagiri . . . . . . . .

Satara . . . . . . . . . 140
Sholapur . . . . . . . . . 8,620
Thana . . . ° . . . . . 5,906

West Khandesh . . . . . . .. 3,422

ToraL . 82,872

As there are about 10 times as many Cotton mills in Bombay and Ahmed-
nagar as in Bengal, it may safely be assumed tllat the power used in these
districts for this purpose is not less than about 750,000 b.h.p.

A considerable part of this power is supplied by the Tata hydro-electric
works.

Burma—

The Electrie Inspector reports that all the existing large mills use their
own refuse, chiefly paddy husk and sawdust, as fuel ; they are therefore not
interested in water power supply. The Rangoon Electric Tramwaysalso use-
paddy husk; at present the clinker, which is almost pure silica, finds no
market, but it may he used hereafter for glass making. In these circum-
stances a census of power is not of much use, and as the letters of the Deputy
Controller of Munitions on the subject were not replied to no figures-are
available. It is estimated that the Cinchona distriets of Tavoy will require about
750 horse-power and the mining districts 2,000 horse-power. There may be a
demand in the Toungoo area for 600 horse-power for pulp manufacture. The oil
fields in Yenangyoung and neighbourhood will require some 15,000 horse-power
hut this is beine arranged for hy the companies concerned, who will use their
oil for fuel.  This is the case now, hut at present every well has its own steam
engine, with oil-fired boiler, and a comprehensive electrical distribution scheme
will effect great cconomy in fuel consumption.

(_Y('///I'nl[ Provivices—

Brake horse power. Brake horse power.

Akola . . . . . 40806 Nagpur . . . . . 6,173
Amraoti . . i . 4,504 Nimar . . . . 2,665
Balaghat. . . . . 30 Narsinghpnr | . . . 54
Blandara . ) . . 25 Raipnr . . . . . 50
Bilasymr . . . . 110 Saugor . . . . . 20
Buldana . . . . . 3,018 Seont . . . . . G0
Chanda . . . . . 712 Wardha . . . . . 5,830
Chhindwara . . . . 88 Yoeotmal . . . . 1,900
Hoshangabad . . . . GO ———,
Jublulpore . . . . 1,120 Total . 32,773
Mandla . . . 14
J[ﬂr]l'ﬂ §—
DisrricT. Brake horse power.

Bellary . . 3,232
Chingleput . . 1,753 70 rice mills ; 6 irrigation plants; 2 water works;
2 others, : '
7 rice mills ; 3 irrigation plants ; 1 metal works.
31 gins and decorticators; one irrigation plant, 2
water works ; 3 others.

Chittoor R . 21
Cuddapah . . 1,16

v =1

Ganjam . . 501 7 rice mills; G others. —
Godavery . . 8220 5 riee mills; 4 ginning. - ‘;‘;}
Guntur . . 2006 24 rice mills ; 13 ginning ; 4 others. - . . .v.\\\?(_l\\
Kistna . . T,n32 ] S ' o
Kurnool . . 1,388 5 presses ; 26 ginning ; 2 oil mills’; 5 opliges. . .
Malabar . - 4,140 16 tea factories ; 12 hrick and tile ; 85 '\‘:tl'inl'lsr.‘o.--"'
Madura . . S12 ) . D
Nellore } . 017 21 rice mills; b others, Do \
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Madras—contd,
Districr, Brake horse power.
North Arcot . . 1,811
Ramnad . . 1,788 25 vice mills; 9 ginning ; 1 eleetrie,
South Areot . . 1,227 58 irrvigation plants; 35 rice mills ; 7 others,
Tinnevelly . . 4.8 20 ginning ; 6 rice mills ; 18 others.
Trichinopoly . . 1,119 47 rice mills; 18 irvigation plants; 4 others.
Vizagapatam . . 1,571 O rice mills; 17 various.
Teran . 39,568
North-West Frontier Prorijce — .

No returns received,

Pwajab.  (Steam only) -- Brake horse power.
Ambala . . . . . . . . . 1,020
Amritsar (exeluding electricity and oil) . . . 1,563
Bhitak . . . . . . . . . 1o
. Dera Ghazi Khan ) . , . . . . 186
Gujranwala . . . . . . . . 751
Gurdaspur . . . . . . . . 500
Gurgaon . . . . . . ) . Hle
Hissar . . . . . . . . <25
Jhelum 220
Karnal . . . 5aS
Lahore {(excluding electricity” 2,33%
Ludhiana 1,255
Lyallpnr . . 2401
Multan . . . 1,060
Muzaffergarh 126
Rawalpindi . . . . . . . . H2o
Shahpur . SS1L
Sialkot . . 284
Simla (excluding clectricity) 130
Torar . 15,734
United Proriorces—
Brake horse power. Biuke horse power,
Agra . . . . . 2510 Jallaum . . . . . BRH
Aligarh . . . . . 1,555 Jaunpur | . . . .
Allahabad ) . . ) 1,618 Jhanst . . i . . 235
Almora . . . . . St Kheri . . . . . 52
Badaun . . . . . 272 Lucknow . . . . 2091
Bahraich . . . . 203 Muinpurt . . . . 306
Banda . . . . . 2064 Meerato . . . . . 702
Barabanki . . . 156 Mirzapur . . : . 388
Barci“y . . . . . 1,247 Moradabad . . ) . 1,138
Benares . . . . . 1,797 Muzaffernagar | . . . 317
Bijnor : . . ) 213 Muttra . . ) . §10
Bulandshahr . ) ) 1,158 Naini Tal . . ) . 432
Cawnpore . . ) . s, il Nowgang . . ) . HE]
Dehra Dun . ) . . AN Philibhit . . . ) 385
Etah . . . . . 500 Partabearh . . . . 65
Etawah . . . . 780 Rai Bareilly . . . . 60
Farukhabad . . . . 2ol Saharanpur . . . . 1,176
Fatehpur . . . . Hob Shahjehanpur . . . . 940
Fyzabal . . . ) ) 238 Sitapnr . . . . 323
Gonda . . . . . 311 Sultanpur . . . . 21
Gorakpur . . . .21 I nao . . . . . 506
Hamirpur . . . . T _—
Hathras . . . . . ba2? Tutal R IR 5]
Hardoi . . . . . 350 o

This is exclusive of public electrie supply and Military  Works power
l v .

stations but includes minor electric installations.
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Summary— Brake horse power.

Assam . . . . . . 22,550
Bengal . . : . . . . 26,318 exclusive Caleutta area.
Calcutta area . . . . . 176,200
Bihar . . . . . . 2525 apart from collieries, cte.
Bombay Presidency . . . . 32,87
Bombay City arca . . . . 750,000
Burma . . . . . . . 17,750 exclusive of rice mills, ete.
Central Provinees . . . . . 32,773

. Mudras . . . . . . 39,568
North-West Frontier Provinee .
Punjal . . . . . . 15,734 steam only.
United Provinees . C e . . 38,548

GRAND TOTAL . 1,153,638

15. Further uses for power.—For a full discussion of the new industries
which may arise in India, if cheap cleetric power is available, the Report of the
Indian Industrial Commission must he referred to. The “Industrial ITand-
book 1919 issued by the Indian Munitions Board also merits close study.
Among these industries may be mentioned the electric smelting of indigenous
iron ores and the electrical production of stecl and its alloys ; clectric welding,
now extensively employed; the production of aluminium from alumina,
prepared from the local bauxite deposits ; the manufacture of calcium carbide
and its innumerable derivatives; the direct fixation of atmospheric nitrogen
into the nitrates of commerce ; the clectrolytic production of chlorine gas and
the preparation of phosphorus and of abrasives like carborundum. All these
processes are in actual use in various parts of the world where the raw materials
and the power are found.  The map in this report has marked on it informa-
tion regarding the occurrence of certain of these raw materials.  In some casecs
the process is electro-chemieal, in others electro-thermal, but in all cheap power
and large scale production are essential to suecess. The following further extract
from the Preliminary Report of the British Water Power Committee will em-
phasize what has been done and what may in future be done in some of these
matters :

“ Electro-metallurey and eleetro-chemistry have rendered it possible to
handle materials not workable by any other means; have made
available new materials ; and have greatly cheapened the production
of many important materials of wide use.  Aluminium, calcium
carbide, chromium, cyanide, silicon, carborundum, are products
rendered commercially possible only by electrical processes, while
alkalies, hypochlorite, phosphorus, magnesium, and sodium nitrate
are producc({ most cconomically by such processes. Great develop-
ments have recently taken place in the production of clectrolytic
copper and zine and in processes for the electric smelting and refining
of metallic ores.

All these processes demand relafively large amounts of energy. The
world’s production of caleium carbide, for example, was 340,000 tons
in 1913, requiring 400,000 continuous clectric horse-power for its
production, while the cnergy used at the end of 1915 for clectric
furnaces in the United States alone was approximately 300,000
clectric horse-power.

Nitrogen Fivation.—In the utilizatipn of atmospheric nitrogen for the
production of nitric acid and the manufacture of nitrates, great
developments have taken place during the lagt decade, and in
Norway alone over 100,000 eleetrie horse-power is now absorhed in
its production. The world’s annual conswunption of nitrogen in its
various combinations is about 750,000 tons, representing a value of
about £50,000,000 and this demand is inereasing vearly., Four-fifths
of this supply has been produced hitherto  from natural nitrate
deposits, hut i view of the rapid depletion of these deposits, and of
the diminution in the fertility of most of the great wheat and cotton-
growing arcas of the world, the production of artificial fertilizers
by one or other system of nitrogen fixation must, in the near future,
become a question of national importance.
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At the present time the world’s consumption of fertilizers amounts to
close upon 6,000,000 tons per annum, and this will probably he
doublo;d within the next 20 years. To-day, the efficiency of the
electrical production is low, amounting in the case of caleium nitrate
to about three-quarters of a ton per clectric horse-power year. B
adopting the cyanamide process the consumption of energy may l){
cut down toabout one-fourth, hut even in this case the pr(;iuctit;n of
the equivalent of 12,000,000 tons of fertilizers per annum would

_ require £000,000 continuous electric horse-power.

It is estimated that the 200,000,000 acres of arable land in Canada alone
may ultimately require some 10,000,000 tons of nitrates per m‘nnun
to maintain their fertility, and this in itself would necessitate the
absorption of an appreciable portion of the whole hvdraulic enere

_of the Dominion. ) I

When to these demands are added those of India, Australia and Afriea
it is evident that the fertilizer demand of the Empirve will in its (li’
call for an enormous supply of energy.” : B

Apart from ordinary town supply for electric liehti ati and’
and sui)l)ly to tram\\'zws)mul mil\\%l'sy esp \('.!-LTlh'l( i ll.-,_]lff oy hL-(-l s nd fans
) railways (especially hill lines) for traction purposes
there are many other industries in which electric power would he welcomed it
it could compete with other forms, and in any arca where reasonably (?l > l
hydro-electric development is possible within transmission distance this s u'ap
ful competition is simply a matter of relative costs.  To take ‘mw‘ insiw:xl::(:bit-
a comparatively small area of the Duars, within easy reach of watv(r )«):\'er1
(i.e., the Jnlduka‘ q.v., in chapter 6), it is estimated that fuel cquivnlmbl to a
\.vorkmg load of about 100,000 horse-power, is used in the tea factories rn'tI"
for the pr()(-luctiun of power from steam engines, but mainly for dr\'in«" )’u}- ‘)()s'(‘)\'
with hot air and fans.  Both the motive power and the Lot air can he E)l)(‘llil;('('l
electrically ; it is merely a question of comparative costs.  Other tea dis‘tricts
are similarly situated.  Again, the cotton mills of Bombay are now 1;1ostl)'
driven by 'e‘lectrlc motors fed from the Tata scheme, which have replaced steam
engines. There may, given cheap enough powvr, be a similar opening  for
jute mills, oil mills, timber working, sugar production, paper pulpin: and
other industries. The two sets of rival conditions that make or mar a l?\':ll'()-
electric project will presently he examined ; namely, the competition between
‘f)?elioa“?élr .\\ ater and that Letween the freight on materials and the transmission
As regards pumping for irrigation purposes, somewhat wild suecoestions
have been made under the impression that “ water power costs not hir;n?'/” I(“,
is very unlikely that such pumping will pay on any water rate that COr’L.ll(l l
demanded, where the lift is at all great. It has Eﬂrcudy been shown in pars )i
that under favourable conditions the overall efficiency from wator to (-l(! ‘:” 1
horse-power at the generator terminals will he about S35 per cent, B “-L-, l udf
example let a gross pumping head of 100 feet, from the source of wz{tcr Lytlo'-
distributing irrigation channel, be assumed ; this is probably over the eco omic
limit, but as the power taken is practically proportional to the hvul(imtl;](f
example can be reconstructed for any lower value. Assume furthvr/t] at;. 13
cubic feet per second (i.e.,, 12} callons or 125 1hs. per second) is to be )u‘ .i
up this 100 feet, absorbing 227 theoretical wafer horse-power. .\ lmmlp‘l.(
turbine pump in these circumstances will have an efficiency of 73 t(; 7'} e -Of -U ,
and will require about 30 brake horse-power to drive it. The (~Icctrli%l U’ilt'
giving this mechanical power will have an efticiency of ahout 90 pc'r éL-ntb "mt()l .Olt'
it will take some 332 elcctric horse-power at its terminals.  If a transfc;:l?l ~ru?
necessary the input into it from the line will then be about 342 electric | Lr x‘s
power. If the transmission losses are taken at 10 per cent. the line must ll? :((i
at the power station with 38 clectric horse-power. [t there is no h-:“'hfo)::l k,.
here the generator will supply this amount of power, and on the ovvrali clﬁci lllbl
assumed in this report it will use L47 theoretical water horse-power. T u: ;;y
overall efficiency froin water fulling to water raised will be 1)/-ach"c.allz .5'0 ):e
cent. under the best conditions. The capital charges on the cost of t{le m(ftu.
with its housing, its pump and its pipes, together with a share of the charges (());
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the distribution system and power station, have to be met from the additional
revenue due to the supply given. If the lift of the pump were 10 feet instead
of 100 then ten times the amount of water could be pumped for the same
power, and ten times the acreage irrigated. The proposition would then
become more practicable.

Experimental work in sub-soil pumping by means of tube wells has for
some years been in progress at Amritsar, Punjab; sce table 2. Sir John
Benton, K.C.LLE., late Inspector General of Irrigation, took up the matter
with keen interest and the work has been in the hands of Captain John
Ashford, M.I.C.E. The late Mr. Barlow visited this canal fall development
a week before his death, and was greatly struck with the possibilities of the
method for adoption in the United Provinces, where the present intensity of
cultivation is less than 25 per cent., of the total area. Canal falls abound,
as will be seen in Appendix 14, and sub-soil water is plentiful. Mr. Barlow
hoped to see experimental work carried out in this area.

16. Fuel and water power.—It has already been stated that the commer-
cial possibilities of any hydro-electric scheme depend on two factors, the
capital cost of the scheme on the one hand and the cost of the competing fuel
on the other. Comparing a steam or oil-driven electrical plant with one water-
driven, the latter is almost invariably much more expensive to construct; and
all it saves is the cost of fuel, which is only one factor in the cost of generating
power. Staff and stores, office and legal expenses, repairs and depreciation
are incurred in both. Thus while the actual comparison will be between the

rice at which electricity can be sold in both cases the real criterion of success
is whether the capitakcharges for interest and depreciation on the ezcess cost
of the water power undertaking will be substantially less than the cost of the
fuel used by the other. The following extract from an article by the ‘present
writer in the Tndian Munitions Board’s * Industrial Handbook, 1919,” reprinted
from the Bengal Economic Journal, 1918, on The future of hydro-electric
power in India " will repay study.

« It is obvious that large capital expenditure is necessary on the hydraulie
development ; furthermore as water power must be developed where it is found
a long transmission line is often necessary. Tor these reasons the total cost of
construction is almost invariably higher than that of a steam-driven plant of
the same capacity ; and the annual capital charges for intcrest and deprecia-
tion are correspondingly higher.

“ Against this may be set the fact that the running costs of such a station
are relatively low, as no fuel is involved. The total cost of running does™ not
depend to any appreciable extent on whether the plant is fully or only lighfly
loaded ; it is practically « fized sum per annums; so that the cost per wnit is
practically proportional to the total number of units generated. This is not so
with fuel-consuming stitions. Every extra unit gencrated then involves the
consumption of a definite amount of fuel with a definite cost; and while the
total cost rises with the number of units generated and the cost per unit falls
somewhat, the latter is by no mcans proportional to the total umits. In any
particular “case therefore the practicability of a bydro-electric scheme depends
on the cost of fucl in the locality where the power is wanted.

“To take an example, assume a plant of 5,000 kilowatts capacity is required
at a certain place where sufficient water power exists within transmission
distance. Assume the total cost of the bydeo-electric scheme and transmission
line to be Rs. 50,00,000. (It might be very much less in favourable circum-
stances.) Taking interest and depreciation together at 10 per cent. the annual
cost on this account will be Rs. 5,00,000.

‘1ot the cost of a steam plant of the same capacity, built where the power
is actually needed, he assumed to be Rs. 15,00,000 with similar annual capital
charges of Rs. 1,50,000. Now if for simplicity it be assumed that the annual
charges for wages, storcs, repairs and supervision are the same in both cases
(an assumption near enough to the truth) there will be the difference between
Rs. 5,00,000 and Rs. 1,50,000 or Rs. 3,560,000 to set oft against the cost of fuel
for steam raising. Under the ideal conditions of large electro-echemical
works this plant, allowing 1,000 kilowatts to be kept tor spare and therefore
4,000 for work, would generate ahout 2S million units (80 per cent. load

. E
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factor). Under ordinary industrial conditions the output would be less than

half this, or say about 12 million units. Clearly therefore not only the cost
of coal but also the load factor of the plant (i.e., in non-technical language
the ratio of its actual to its possible output) is of immense importance. If it
is assumed that the low amount of only 2 1bs. of Indian coal will be required

per unit, with modern plant of large size, the consumption would be 25,000

tons for 28 million and 10,700 tons for 12 million units. As the amount

available to make the costs just balance out between steam and water power is”
Rs. 3,50,000 it follows that with the larger output coal at Rs. 14 per ton would

absorb this amount, while with the smaller output the'figure would be nearly

Rs. 33. From this example (in which the figures are not meant to represent

estimates) it will be inferred that as the load factor rises towards the ideal limit

the advantage of hydro-electric power increases. Bearing in mind the vast

difference in the cost of fuel in different parts of India, due main'ly‘to railway

freight, it will also be seen that-the distance from fuel supplies is a very

material factor. With coal under Rs. 10 per ton it is doubtful if water power

could ever compete unless (rare combination) it existed right on the spot and
could be developed exceptionally cheaply. On the other hand, with fuel at
over Rs. 30 a ton, .water power would generally prove cheaper and, for a well-

sustained industrial load, invariably. Between these limits proper estimating
would be necessary.”

A map* has been prepared in the Coal Controller’s office to show very
roughly the cost of coal at certain places in India which are on the railways;
this cost is the selling price at the pit’s mouth plus railway freight. Clearly
at any distance from the railway the cost will be incregsed, and that heavily,
by the cost of carriage by road. A point which it is desirable to emphasize
here is that in certain circumstances water power may be of immense value
whether it be within reach of cheap fuel or hundreds of miles from it; i.e.
where it is required not for existing industries but for a new electro-chemical
or electro-thermal industry. These, working almost continuously at full load
(i.e., witha load factor of 90 per cent. or more), must go where there is cheap
water power ; and when 50,000 horse-power or more is being developed a very
large capital expenditure on dams and other hydraulic works can readily be
faced.

17. Freight and transmission of power.—The popular fallacy that *“ water
power costs nothing ”” has been examined as regards the initial cost of the plant
in the previous paragraph. The cost is generally further increased by that
of transmission lines, since water power is seldom situated precisely where it is
required. Either the power must be carried to the industry or the raw
material and finished products of the industry must be taken to and from the
power. Both ways cost money. The following further excerpt from the article
in the Munitions Board’s  Industrial Handbook, 1919,” quoted in the preceding
paragraph, explains the matter more fully.

“ Where clectro-chemical industries on a large scale are in question it is
essential that the price of the power shall be very low if the manufactured
product is to compete with that produced elsewhere. The cost of power is of
course only one item amongst many in determining the sale price of the
finished article, but it is a very important item—perhaps second only to the
freight of the raw material to site and the finished product to market. Where
the conditions of the hydraulic development are such that construction on a
large scale is reasonably cheap ; where the locality is such that the freight of
the plant and materials thereto is low; and where the length of transmission
to the factory is reasonable ; power can probably be delivered at about one-tenth
of an anna per unit including all charges. Indeed, if the cost is much higher
than this, the proposition becomes untenable. Obviously the undertaking
must be on a fairly large scale to be of any use. The larger the individual
units of plant are made the smaller hecomes their prime cost per kilowatt and
the higher their efficiency. The various electro-chemical industries are favour-
able to these low costs as they are practically continuous processes, utilizing
the whole plant to almost its utmost capacity throughout the vear.

# Not received at the time of going to Press.
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“In considering the value of sites that may possibly meet theas“deal
conditions the first point to consider is undoubtedly that of freight and carriage ;
for it has a triple application. In the first place the raw material must be
brought to the site, unless already on it ; secondly the finished product must be
taken to its market ; thirdly the plant must be delivered at the power house,
Cases are known where the carriage of plant over 20 miles of mountain roads
cost more than its freight from England to the railway terminus. Chea
power is useless if the saving is swallowed up in expensive freight. Where
bulky raw material has to be brought to the factory and sent back finished the
obvious course is to build an electric railway from the nearest terminus, seeing

.that cheap power for working will be available. In order to get the plant to

the power house there must be & road, and this road should be built so as to
afford a suitable track for the subsequent railway. During the construction
period a light line worked by steam will probably pay as against other methods

of transport of the plant. The tendency of the man who put his travelling

crane up after erecting his plant is often only too apparent in these matters,
and carriage by coolie is seldom cheap. _ ‘

“ From small beginnings electrical transmission of power has now reached
the stage where it is possible to have the factory 250 mifes or more from the
power station, and it would be unwise to say that the limit of high pressure
has been reached. In the case of water power from mountainous country there
may be insuperable difficulties of ground or cost in laying out a railway to the
site, though the plant can be transported there. Even if these difficulties do not
exist, if the raw material of the industry is within the limits of transmission it
will probably prove cheaper to eréct a long transmission line rather than a
railway, which may use more power than will be lost in transmission. It is
simply a question of estimating which method gives the cheapest finished
product. Either the material can be brought to the power house; or the
power to the factory; or a combination of both methods may be the best.
Mountainous country has one great asset for fransmission in that the ridges
form nature’s own supports for the lines; with comparatively small towers
the valleys offer plenty of room for the dip of the wires on long spans. It also
follows that by reducing the number of points of support, by the use of long
spans, there arc fewer points at which damage from lightning can occur. The
loss in transmission can he made almost as large or as small as the designer
chooses, according to the size of the wires used ; ordingrily about 10 per cent.
is allowed. Where steam is used to generate the power the correct loss can
be calculated according to Kelvin’s law and its modifications, such that the
capital charges on the conductors balance the cost of the power lost in them.
If more power is required mdbe generating sets can be added indefinitely.
With unlimited water power the cost of the lost power is of secondary impor-
tance, and larger losses may be advisable than in the former case. On the
other hand, if the available power is likely to be all required—and this is
generally the case—the line losses may have to be reduced to very low amounts,
since every upit available for the factory is of value.”

The cost of transmission lines operates detrimentally in two ways; first
by increasing the prime cost and consequent capital and upkeep charges, and
secondly by decreasing the available energy for sale at the far end, owing to
losses in the line. These line losses can be made almost as large or as small
as the designer chooses, but if they are made small it is by adding more copper
wire, or larger wires, so that this reacts on the prime cost. The statement is
often made that a long transmission line only means a loss of about 10 or 15
per cent. of the power generated ; true, but it may increase the economic selling
price vastly more. It has been recorded (Electrical Times, 55, January 2nd 1919)
that the cost of transmission at Niagara, which extends to a distance of 250
miles, ranges from 22 to 86 per cent. of the total cost of the power delivered,
according to distance. These figures would be greatly improved on under
modern conditions, at any rate with pre-war prices, but they serve as an indi-
cation that water power does not “ cost nothing.”

18, Admissible cost of lydro-electric Schemes.—While it must never
be forgotten that gencralitics and averages in engineering problems are

E2
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apt to be most misleading it is nevertheless desirable to give some indication,
however it may contravene this canon, of the permissible cost of hydraulic
developments. .\ table showing the cost of the schemes now in operation,
including power ‘house and plant but not transmission, is given in paragraph
23. Obviously, from the two preceding paragraphs, as the cost of fuel rises
the permissible cost of water power rises too. But, against this, the further
the power has to be transmitted, the greater will the capital cost and
losses become. .Arising out of both of these truisms it is clear from what has
gone before that, other things being equal, fuel has an advantage when the
plant is not fully loaded most of the time, i.e. when the load factor is bad,

while on an exceptionally good load factor water power has an immense advan-
L

tage. We have then to combine these factors:

Cost of fuel,
Cost of transmission,
Load factor.

To make the matter clear an example may be given, but it must not be
taken as an estimate ; it is full of assumptions, none of which can he laid down
‘as facts.  Assume
certain district, an® that the alternatives are steam and water power, cach the
most modern of its kind. Any other power of the same order would come to
much the same thing. The steam power station would e placed as a matter
of course in the most favourable site within the area; the hvdraulic plant
would go where nature placed it. Three cases may bhe assumed, vis., water
power on the spot ; transmission of 50 miles; transmission of 100 miles. As
regards fuel three representative prices will be taken, riz., Rs. & Rs. 16 and
Rs. 24 per ton for Bengal coal of about 11,000 British Thermal Units calorific
value ; the first is about the price at the radius from the coal fields of Caleutta,
on the railways, and the other prices will be found further off. Four charac-
teristic load factors will also be taken. viz., 20 per cent., 10 per cent., GO per cent.
and 80 per cent. So fav the assumptions are admissible. In order to reduce
the matter to graphic curves let it now be assumed that the cost of the power
station, with all the plant within it, is sensibly of the same order for the steam
and water power plant; excluding of course the transmission line and the
hydraulic development beyond the power station. The distribution lines, ete.
for employing the power at its destination, and the power lost in them will he
unaffected to all intents by the method of generation, and may also he ’loft out
of account. Then the cost of fuel on the one hand has to he set off acainst the
cost of the hydraulic development on the other. With modern l;)i]ers :m(i
steam turbines, using Bengal coal, an average consumption of 1} Ihs, per electric
horse-pow cr hour generated may be taken as an extremely good fizure though
in a super-station it might he excelled on a high load factor. Using t’his 00:1-

sumption at each of the stated load factors and prices, though actually the-

consumption on a poor load factor would he somewhatl higher, the following
table givesthe cost of fuel per annum in column 3. ‘ "
This has then been capitalized in column Lat the round figure of 10 per
cent. for interest and depreciation to show the s in lakhs of rupecs which
can be spent on a hydraulic development on the same spot.  Dividing by
10,000, column 5 gives this as the permissible capital cost per electric horse-
power installed, where there is no transmission. ‘ "
Next, a transmission line of 50 myiles is assumed, with a loss of power of
10 per cent. The cost of the line is placed at the reasonable amount of
Rs. 10,000 per mile, or 5 lakhs, which is deducted from column -4 and the result
is given in column 6. But to deliver 10,000 electric horse-power while lo;ino
10 per cent. the plant must be of 11,200 clectric horse-power and the extra
capital cost of this at Rs. 100 per clectric horse-power (1°2 lakhs) s furiher
deducted in column 7. The values so obtained, divided hy 11,200, ¢ive the
permissible cost of the hydraulic development per e. li. p. installed in (:()Tumn S
For the transmission of 100 miles the same procedure is adopted in ('nlumns:
9 to 11, with a line loss of 15 per cent., an extra capital cost of 10 1:1k]1§1‘(>rt11;‘
line, and a plant of 11,750 electric horse-power installed. ’

at 10,000 electrical horse-power is required for use in a°
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24 POWER AND ITS USES. [Cuar. IV

Plotting the values so obtained they become more intelligible. The cost
of storage works, canals, regulating reservoirs, pipes, etc., varies so enormously
in various instances that each case must be judged on its merits. It is clear,
however, that with bad load factors and cheap coal no water power can com-
pete, while at the other extreme water power will generally have the field to

itself,
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To bring home the fact that the exz}mples given must not be relied on
except to establish a principle it may be pointed out that the extremely low coal
consumption assumed per electric horse-power hour is nowhere obtained in
India at present, and in very few places elsewhere ; it represents the best side of
the case for fuel. 1f an average consumption of 3 times the amount, or +1 1bs.
per electric horse-power per hour, be assumed it will still he hetter than most
Indian power stations can command. Load factors on these stationsare mostly
of the order of -0 per cent. If the same process of calculation he adopted for
these new values the result is to raise the permissible cost of hydraulic develop-

Crar. IV) POWER AND ITS USES. ok

ment considerably. On the 3 assumed costs per ton the outlay may now be
Rs. 636, Rs. 1,272 and Rs. 1,908 for a station at site; Rs. 510, Rs. 1,070 and
Rs. 1,674, with a 50 mile transmission: Rs. 440, Rs. 980 and Rs. 1,520,
with a 100 mile transmission. The curves can, if desired, be extended to show
these new limits ; and the facts of any specific case will probably then lie
within the area of the limits of each.
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CHAPTER V.—CONTROL OF WATER POWER.

19. State conirol and assistance.—The British Water Power Committee
expresses a strong opinion in favour of State control of all water power, and

its argument must be given in full :

«The considerations already outlined would indicate that the conser-
vation and utilization of the water power resources of the Empire
is likely to be one of the mest important problems in our political
economy. The solution of this.problem involves many complex
questions of law, of administration, and of engineering and eco-
nomic investigation, if the public interest is to be best served by
the development. In view of the immensity of the interests in-
volved, it is urged that nothing short of statutory control of these
developments is desirable. The exact method of control is not for
the Committee to suggest. So far as is possible private enterprise
should be encouraged, but under conditions which would prevent
the perpetual rights being lost to the community. In this connec-
tion it is worthy of note that Canads and New Zealand have State
control over the majority of their water powers, and that in all
provinces in India there are Canal Acts which expressly lay down
that Government is entitled to use and control for public purposes
the water of all rivers and streams flowing in natural channels. In
the case of Australia, each State has enacted lengthy legislation .in
relation to water conservation, hut no special clauses appear in res-
pect of developable water power. It is also suggestive that the
Administration in Washington is at present taking steps to control
the development of water-powers on all public lands and navigable
streams in the United States; that, in spite of the revolution in
Russia, the provisional Government has recefitly appointed a Water
Power Committee, with absolute control over the development of all
water power schemes in the Empire exceeding 300 horse-power; and
that the Austrian Government has, during the past session, introduced
a bill for the promotion of hydro-electrical development, giving
the State the right to acquirc any undertaking after the expiration
of 25 years, and at the end of any subsequent period of five years.

“ It should he recognized, however, that while it is essential that the State
should have the right of ultimate purchase, the period of such pur-

chase should not be unduly short or the terms too onerous. 1t will
be remembered that such legislation had the effect of severely handi-
capping the electric power and lighting industry in the carly days

of its development.”

During the course of this preliminary enquiry the question of the policy
to be adopted was discussed on various occasions with public officers, firms and
individual engineers. A policy suitabie for one part of India may be the reverse
elsewhere. Thus in Bombay it is recognized that the chain of great projects
extending down the Western Ghats, from the Andhra Valley to the Koyna
River, covers all likely power requirements for a long time to come. Here the
enterprising firm of Messrs. Tata can provide hoth the capital, the business
organization and the enginecring talent required. The help of Government
bowever is required in such matters as land acquisition and water rights,
transmission routes and so forth.

Elsewhere it is generally considered that more direct Government assistance
will be required. At present there is a vicious circle of industries that require
power and power looking for an assured outlet ; and neither side is inclined to
make a move unless certain of the co-operation of the other. An example

already exists of established water power going a-begging, within transmission
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reach of a considerable demand, and whatever the reasons may have been th
led to this impasse it has undoubtedly had a deterrent effect on simil i enter:
prise elsewhere. There may be cases where the carrying out of an I;ra ¢ eltlter-
Government may be advisable, if investication proves thbat the i d"l Aot o
to téllle cour}:r{ of ch(zaap power will counterbalance a compa‘l'a‘cilx?elny1 slx;(:ltl ];3.-15? E
on the capita invested in the power scheme. G ever 1
rather in the di.re.ction of a Gévemment guaravnt?z:alecl)‘? Hi}rrlt(lelroe‘s‘tegilrithf e
tion and pf a mmimmum return thereafter, which would be recouped e
undertakings, by some form of sliding scale or profit sh‘u}ipeo’ or lsuecessful
certain provinces indeed it seems likelyothat the capital itseif lxlﬁz;\?rh::rth.t ]In
provided by Government as a loan, on similar terms to municipal loans (iv'?l '
ggriﬁ(igftﬁel’a." ztnent qugl to the probable economic life of the plant,( z'.e’, néml'ozrl'
. ¢ e customary 30 yvears ; but here again g ini
interest on the one hand and a share of the excess li*of-i’tllagf}:; gen(;f)dir;ltl;nmtw}n
on the other hand may be essential if the dependant industries are to be forz3 1'11?
The principles of Government aid which have heen set down should it‘ is consi
dered, only apply to the development of water power («) by a )’ublic cg'lll'stl-’
company or () for the purpose of an industry in which ém‘*erlnment ;111 1}
particular interest or (¢) for an industry which it is particularly des"{fiS ’ca
foster, A company developing power for its own factories, not comi ;19 v
headfr l(b) for (}c), would not usually require help ’ coming under
e Turther sti indir ourag
cuarmme o ll;eqtlfleetl)?i)ld(ilfctlsng}lteft .oncou‘u}gemqnt to power concerns by a
. I 1e industries using the power, on the analog
of that given to the Tata Iron and Steel Co., has also heen suggested ; ] t‘tlb'y
is beyond the scope of the present report. Direct Governmient ¢ ,t ')il of
power scllllem(;, once tes{abli{ShOd’ beyond that required for the purpose(;noil’ %na?)icéi
is generally deprecated. Attention was call : 1 .
fact that Government is apt to he unwillinqet((l) 221‘2})03(131;11 a:i;toel(lle OIC(iatswll1 ]EO oy
by so doing ultimate economy would result. This criticicn(% Is > al'1 oo
siderable extent to British firms, especially as compared kwitlzi »81)‘:10)1) an fo‘a Lo
In Madras certain flourishing industries were started as tllecliill Plta'ctcl'ce’
plants by Government and then handed over to companies as * goine cc()) ncern gy
the reverse of the ordinary plan that renders a privately started pul ll'meltl}fl;' ’
undertakine liable to eventual purchase by Government or a 101'- 1)‘10%1111 1"lty
Each plan has its @ood points.  The sueeestion that pioneer hvdro-eLla Ell'l'] ‘Olllty.
should he luigl down Iy Government in favourable localitics \\'ﬂsec1ii;>itl)" (‘lmts
several oceasions. As amatter of fact most of the existing plaﬁts Li;l Indifltl( e
heen lnu!ﬂ'\' suceessfuly and further demonstration seems ]1:?1‘le necessarv ) _1.1110
perhaps in localities far removed from the present installations On th thlept‘
!mnd, T}.lo risk of loss is small and the indirect eain in a well th;).uO‘ht out (;cl(i e
is cortain, It comes to this then, that, whether by means of pi:mecr iilctq(illl} :
tions or by cuarantees to private companies, direet Government aid is ‘IQI"— 1 fd-'
practically everywhere except in the Western Ghats.  The late Chiéf ]] \(S'( )m‘
of this Survey was himself strongly in favour of 2ol courses, and the ll)r:lllt ¥
writer agrees }\'i'tll lli]\l]. It may be mentioned here that tl’lC Hvdro-f]‘ 1leesfe?tA
Power Commission of Ontario proposes to expend no less than £€2,897 10(5((3;”'C
12 power stations at various places in the Province. ) e .
Ax recards Government  assistance in the preliminary investization, and
even in the derailed survey of sites there is no difference of opinionN T ’\3(‘“
extent this is necessary or will be given remains to he settled I)V’G'overo ont.
but any help of this sort will certainly be welconied.  The cost of the )ll?nll‘enp
nary investication of a site that may prove worthless is very c-oanildeerallnln;
Aeain, as recards roads, railwayvs and connnuuications generally til‘ l}]fJ
naturally looks to Government for help.  Before any site can bé €1(’>\‘0ch) )Plll )i o
power it is necessary to he able to convey plant and ‘material there, and tll ex( o
of making a long mountain road might easily wreck a promising ezzltlem e ot
The Water Power Resources Committee of the Board of Tf"lzle (a ((}iiﬂ"' .
hody to the Committee of the Conjoint Board of Scientific Socie:tiei refer'mlent
elsewhere) in their Preliminary Report make the following rcnﬁrks 1'$('"lt0
mntatis mutandis, ave to a ercat extent applicable in India :: ) e
“ From a bx:oud review of the position, it is abundantlv clear to the
Committee that, in the development of the water 1‘)0\\'0r resourc:zt
Q .

r
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of the United Kingdom, certain fundamental principles must be
observed. For instance :—

(«) The whole of a watershed must be thoroughly studied and
the fullest use made of its potential water power consistent
with reasonable capital - expenditure. A development
which would only result in a part of the power heing
utilized should not be permitted if the ultimate usc of the
whole available power is thereby prejudiced. .

(b) Proper regard must be shown to the interests of domestic
and trade water supplies, fisheries, the drainage of adjacent
lands, canals, and inland navigation, and in certain cases
to local amenities.

Neclect to eive consideration to some of these requirements

" has been responsible in the past for failure in the promo-
tion of some water power schemes.

(¢) A part of the available power must be reserved for use hy
the local population within the watershed, both for present
requirements and also for prospective developments.

It is important to remember, however, that in the case of
laree water powers considerably in excess of local require-
ments, it would not, in ceneral, be commercially practica-
Lle to ensure a cheap local supply of electricity unless the

. powers were developed to the maximum extent and the

bulk of the output utilized by an industry requiring
yractically a continuous supply throughout the year.

two outstanding factors which have been prominent
1 arresting the wider development of water power schemes
on a laree scale in this country, namely :—

(«) The costly, prot racted, and inetficient system of obtaining
the necessary authority by means of a Private Bill.

() The multiplicity of interests to be reconciled.

With regard to the former | () above | the Committee is of
opinion that if the rights necessary for the development
of all water powers above a certain size were secured by
the State, as and when required, many of the difficulties
experienced in the past would disappear and preliminary
waste of capital he obviated.

With regard to the question of multiplicity of interests, there
is no doubt whatever that the powers now vested in
numerous Departments, Boards and other bodies coneern-
od with different aspects of the water problem require
thorouch revision and co-ordination.  Many of the exist-

, ing interests are, or may be, npponents of water power
developments, and if proper wse is to he made of the
valuable national asset represented by the potential water
power resources of the United Kingdom, the need of a
<infple, inexpensive and expeditious procedure for adjust-
ine the claims of the several interests is vital.”

There are

—The Government in India already has the
control referred to in the extracts in the preceding paragraph, and various
leases for the use of water power have at one time or another been granted.
Some of these have lapsed, and in most instances there have been considerable
discussions as to the rates which should be charged. In at least one instance
a rate was initially suggested which would have heen comparable to the total
cost of fuel for working the undertaking by means of steam. Such a sugges-
tion would be based on a false analogy with irrigation works, where the water
is actually consumed, whereas for water power purposcs it merely passes
through the turbines unimpaired and can he used for any other purpose subse-
quently.* In fact it is gravity, not water, that is charged for since a given

oint out that in the case of irrigation vanals the charge made to
vrimarily on the crops which are raised and

20. Charges for water power.

* [t may remove misunderstanding to
the cultivator is based not only on the amount of water used, but
on the acreage irrigated.
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quantity of water will produce under 1,000 feet head one hundred i
much power as on a 10,foot canal fall. -Anyv charee based o 1;1}1( N ores s
developed or the number of wnits generated Tust trilel‘t“i:Ol'c bn _1110 1_101'Se-powe:r
suggested that as a general principle the charge for the mor y i (?glcal. o
water should be a nominal one, and that the revenue shoul 1n€i11 a}) o e
principle of profit-sharing hetween the State and the ) )1'0111(0t " i the
supgorted hy the British Water Power Committee in tlheirlcoglcl’u {ll ?g"gestlon
'(_%i;us si: !l)/'(l.). ]LjY’L“t“l)vtl()lls 1-na_\' hpwever possibly arise in special ci(r]cl:ﬁnls‘;nm?l,\s
irriu-q’tio 1ere power 1s senerated from water runnine in canals constl‘ucte{(llmf( .
@f ‘POose S s . . i .
parflv ¢ (l);lf,tllulll()(t)(t;,] )i:;)tﬂ(fnl:\ Is the power cencern utilizing works alrem?\l:
part v constructec but {] 5,01 1t 1luay happen that at times water is passed down
e l)eneﬁL ped o )1( a-n)( - In the g’cnqra! interests of the communpity
more should i;e éllarge(ll 111)10 ‘t‘hLiX.; i;:;e{llnz(lls ilg};ll]‘rli%(f ,ti.on, itis doubtful if muc:h’
the profits of the uhdcrtakins: a;d’ ‘uot 1'1:o;3uth-m 1a n v case procced from
'str(t)ngor case however is that of reservoir proje(ct:a ) 'i?ltlel‘:atel" ]A much
s ot S : : jects. ‘e may he
0011;‘11)1;;3123‘;)1111ii§) \tglseotio“)togf N ncl“' reservoir would only be justified )3’0:'11?111}(;
capital cos ipones o l11“1“0‘1 ]alll( '11'1'1‘gi}t1011; and in these circumstances the
capital Cost ¥ 1‘v<cr\"o tura 1;\Q -)1(' 11‘)1 f)l)01'tlone(l between the two works.  Similarly
o e g s o tsed for power purposes the promoters of the lor-
Ing s works, constructed at oreat cost, wi i e
project could not materialize. A somo“flntD ll'rrl vost, without which their
justitiable, even in the form of a charge for &le \?ftijtﬁr s?h?ré‘c’i3 Nty e
reser}'onét(l{rf its prime fl_luction of irriéation might be,aflTEZthdle nality of the
n Californi: e 1s pai lication f v :
warde, A, 0}’3’::‘; avn‘?‘lh']{i}“} on application for water and also every year after-
: , arlow recorded his opinion that “ The latter charee is wnfaj o
e)nds to retard the development of water projeets for the reasca)ll!lbtthgst u%fan' o
,ZS(/:rii’le/‘-‘ 11;110(]/&0;:,{ a}s'old] .acqmrcd rights pay nothing. The z'nteresll i
world be better served by the developiment due to the great s Y lhe
tha by the collection of suall suins aunnally for the use sz’]g’ifj'tgsq’of waler
ater.

e (1] X i Hes.— 1l(‘[ eX1stine Male; € 3 t
,91. I, 1S¢€S il ( e B b
/ Heily [ 1 b ]‘J ]L,UldthH\, ]1( S

the Sceretary of State is necessary anction of

tor the granting of any concession—
(o TE the comoecioo 5o s
L) lii the coneession is intended to endure for more than 10 vears and
~ ( : L) € 1 Y \d 3 1 1 A : ' b ‘
“nn ){1 weompanied by an unconditional power of revocation o
1: o H 4 H 1 YAIN vy - ! Y Y ‘
cancellation ‘}nd imposes on the revenues of India an annual liability
m excess ot Rs. 50,000 5 or R
(0) Imposes on st : endi
) S0 such revenues, expenditur ‘liabili
: MLUES, € ure or li ’ ¢ i
excess of Rs, 12,00,000 ; or : bty (o damages i
(¢) Involves the cession of i
e sston ol property or rights esti in v
i Toe. 19,0000 pert ghts estimated in value at more
and the sanction of the Indian Government is necessary—

() Tf the period !in claus ‘oxcecds fiv
e 530(])“; .n clause (¢) "exceeds five years and the liability
(¢7) Tt the sum in clauses (8) and (¢) exceeds Rs. 100,000

B 2Y = A T <
clow these amounts the local Government can sanction the concession

A cortai r of L
ertain numbher of actual or draft agreements for the use of wat
¢ s S vater

power have been collected, but the lee ‘or ‘hi
cannot be considered in  detail ilﬁ‘,atlhiism1111)1‘;\“1::](;{:‘1:1' leﬁsc s.hould 'ta-k.e
1115;1.11‘\' con']‘plex and requires more information (th‘ ' '(:‘Pmt, R b I8
m'allab]'o. To delay publication for this would be a mist k&~n o
sance of new sites and the survev of known ones is‘qt ba 0
than .thc consideration of  the manner of ‘tlu:i;' e
Corta-xll} g(-n](-ml principles have heen laid down by
recarding the grant of concessions which involve 1 i :
suypl v (Commerce and Trade. {\L‘sl(ljll(ultlli;ll‘ Oi‘[(')én?il(? Pi)hg;' 0{(‘ ]l)l'oduc.tion and
A} :1tp1- power :md'vlvctricity however do not appea; tolhfu' ) })E ' Apl‘xl‘lﬁl(}).
considered in this connection, as the Resolution al’l’t";l‘t‘(i 1--1);1:?1- :cl))elilliiil(t:al‘iy
{ athe relate to

present
as the reconnais-
nt far more essential
subsequent employment.
the Government of India
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material things. Thus, while the claims of competing.applicants must clearly
be carefully weighed, a water power concession for a short period (* strictly
limited period ''is the phrase actually used) would ‘be valueless. A period of
50 vears would appear reasonable, as it is the period allowed to licensees under
the Indian Electricity Act, and is long enough to attract capital. It is
suggested that no charge should be made for a concession ordinarily, except
perhaps a recovery of the cost of any survey work undertaken by Government
Leforehand. WWhere a decision hasto be made between the claims of two or
more applicants for a concession the claims of a public utility company should,
it is considered, have precedence over an application from a purely industrial
concern, partly because the latter can always obtain its power from a company,
even thouzh it may have to pay a slightly enhanced rate for it. Furthermore
a company which is to serve the general public should be of greater value to
the State than one which is serving its own interests only. Where the claims
of two applicants who wish to float a public company have to bhe decided bet-
ween, the concession will ordinarily be given to the one who obtains a license
under the Indian Electricity Act from the Local Government concerned. The
eranting of this rests entircly with the Local Government, but it may be
emphasized that it should be allotted to the applicant who is prepared to
offer the hest terms to the general public, rather than preferential terms to the
Government. The latter invariably react on the private consumer. The
same condition should, it is considered, also govern the grant of concessions for
the use of water power. The claims of two competitors who both wish to
develop water power for a purely industrial purpose should be settled, if
possible, in the xame way according to the conditions and rates under which
they propose to sell their products to the public.

The vonditions under which a concession for the use of water power should
he granted to a public utility company should, it ix considered, vary from those
made for a company concerned with a particular industry. The works of the
former can always in the last resort he taken over by a local authority or the
Local Government under the provisions of the Indian Electricity Act, and can
e continued in use and developed for the use of the public in the case of
mismanagement or the insolvency of the concessionnaire. The deposit of a
security, when once the works are in, operation, does not therefore gppear
necessary in the case of a licensed company ; nor are any special provisions
required for the removal of the works on the expiry or determination of the
lease. In the case however of a concessionfor a pwrely industrial purpose,
seeing that Government must be consulted as to how the site shall he developed,
it appears necessary that the lease shall stipulate for the removal of anv works
that may interfere with theuse of the power by other persons on the finad
expiry of the lease or in case of its determination for breach of the conditions
imposed. Here it would secm desirable that Government should hold a
<ubstantial deposit to enable it to enforce the carrying out of anv such orders
in case other applicants might be prepared to develop the site in a difforent
way.

The dangers to be guarded against in giving a concession are :—

(@) The concessionnaire may merely hold his lease until he
out by a company. This is not in itself necessarily an oy
as power is retained to cancel the lease if work has not by
and completed within a reasonable time, -
in-the-manger inaction, a substantial de
required, on which interest would be paid.

liable to be forfeited it work ix not put inh

within a reasonable time, especially if any
the field. ‘ )

(b) The site may be ruined hy partial development.  In the case of
every public utility company it should Le a condition tlm; tl,‘
initial works shall be so carried out that eventually the tull )gmihl".
lities of the site can be utilized if there is a demand tor morol ).o~w“:.
If this condition would render the initial development t00 l(.(,m‘:

is houcht
‘i1, <o long
en heegun
In order to prevent dog-
posit should probably be
This deposit should he
and and earried through
other applicant is in

.
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for commercial success it would be for consideration whether
Government should not come to the rescue with a share of the excess
capital required. It must always be remembered that in such
matters as storage works and canals or channels it is almost essential
to build for the full ultimate requirements at the very start ; but it
is seldom possible to put plant down for the full power, so the extra
capital is for the time being unproductive. In the case of an
industrial development company this condition does not appear to be
necessarily applicable; but foresight is required if good sites are not
to be spoiled by partial development. '

(¢) Existing water rights and future irrigation demands must be safe-
cuarded, or, in other words, no concession should he given until ths
irrigation possibilities have been fully considered. This, as a
matter of course, is always done. The small riparian rights of
private persons would seldom offer any difficulty as the whole
extent of a hydro-clectric scheme will generally only embrace a
few miles of a channel. The utilization of the tail waters of the
turbines is a more complicated matter. The most effective position
for a power station might be such that a possible future canal
supply would be jeopardized. In such cases’ the conflicting claims
of power and irrigation should he threshed out by an authority
interested, in hoth .e., by the Government itself rather than by a
Department.

(d) Power should bz taken in any leass grauntzd to determine the
same should the lessee stop using or not mnake sufficient use
of the water power, provided that there are other applicants for
its use.

The position as regards payments to Government by public utility compa-
nies may be summ21 up in two propositions.

First.—A company which is bhrought into existence for the good of tha
public is already doing a public service, and should not bz burden-=1 with
special taxes on its construction or working which will inevital,ly be passcd on
to the consumer.

Secondly.—Such a public utility company should h» given every facility
to fieht its carly strugzoles, and only when it has achieved a position of pros-
perity should Government step in to share the profits ; and then only with du:
regard to the consumer’s prospects of a cheaper supply.

It is very desirable in the interests of British Trade that British Standards
of pressure and frequency should be adopted in all fature hydro-electric work,
and the suggestion js put forward that this should be a condition of all leases
and agreements for the development of water power. .

The Standard Frequency of the British Engineering Standards Com-
mittee is 30 periods per second, with 25 periods as a szcondary standard to
meet special cases such as electric traction. For the latter work even lower
frequencies have sometimes been used.

The Standard Pressures of the Committee are as follows: —

Stondnrd low pressures (continuous and alternating).—
(i) at the generator, 115, 230, +60, 525V ;
(if) at consumer’s terminals, 110, 220, £10, 500 V. Subsidiary standard
in 3-phase circuits, 380 V between the principal conductors, giving
220 V between any one conductor and the neutral. ' )

Standard high pressures (alternating) at generator terminals : —
(i) 2,200, 3,300, 6,600, 11,000 V.
Standard primary pressures for alternating current transformers
measured at primary terminals :(—
(ic) 2,000, 3,000, 6,000, 10,000 V.
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Standard  secondury pressures for alternating current transformers
measured at the secondary terminals :—
(r) 115, 230, L60, 525 V at no load.

(zi) Standard continmons current pressure for tramways, measured at
motor, 300 V.

~ Although the Committee did not go bevond 11,000 V, pressures of 15,000,
30,000 volts and upwards are used for transmission of power. ¥

CHAPTER VI.—- THE WATER POWER RESOURCES OF INDIA.

22. No estimate of the tocal power.—To ascertain the total possibilities
in the way of water power in India, even approximately, will take several
years. To be of any value the estimate will have to be based on an examina-
tion of the detailed maps and the sites themselves, and of the rainfall records
coupled with gaugings of the flow of the streams in each case. It mightindeed
be possible to obtain some idea of the total from an estimate of the areas of
land at different elevations and the mean annual rainfall over those areas.
The layered Atlas sheets of India give the former, and the rainfall maps give
the latter, and assumptions as to the run-off, quite near enough for so rough
an approximation, could be made. The British Water Power Committee in
their Preliminary Report, working on these lines, have hazarded a guess that
the upper reaches of the Irrawaddy and Chindwin Rivers might be worth a
potential 7 million horse-power if a 500 foot fall could be obtained ; no doubt a
succession of falls amounting in the agagregate to 500 feet was in the Committee’s
mind, as it is doubtful if more than 50 feet could be developed at any one place
on these rivers even by prodigal expenditure on dams and diversions.

Such estimates are however of no practical use in a country subject to a
monsoon (or two monsoons) with a long dry season intervening. During the
rains, except in the few places where the whole rainfall of a small catchment
area can be stored at a high clevation, the vast volume of water flowing down
to the great vivers must mostly remain unused. Tor example, there is an area
in the Khasia and Jaintia hills, already referred to, of some 1,200 or more
square miles area, witha rainfall varying from a mean of 110 inches over
about 100 sq. m, in the middle to 100 inches at the edge; the general eleva-
tion is about 4,000 feet above the plains, and the drop is fairly steep on all
sides and precipitous near the focus of heavy precipitation. The potential

.power of this small area is (on these lines) of the order of 4 million electric

horse-power as the run-off is known to be extremely high. In the first place
however a 1,000 foot drop could not he obtained, nor even half of it, except
possibly by a succession of separate developments; secondly the incidence of the
huge rainfall is such that, even with favourable reservoir sites, it could not for
the most part be impounded; thirdly these sites do not even exist. The
example is mentioned to show the fallacies underlying any such estimate.

23, Water power ot present deceloped.—Table 2 shows the principle
details cermane to this Report of the water powers already developed for elec-
trical purposes in India and the adjacent countries, except for a few small
plants of which no particulars are available. These embrace high, medium
and low falls ; works dependant entirely or partly on main storage lakes, or
with merely supplementary regulating storage, or with none at all ; with and
without open channels or special canals; with pipe lines or without pipes in
the case of canals. The total plant installed (which includes spare plant)
amounts to 111,860 electric horse power (83,000 k.W.) and the cost of installation
(asfarasit has heen ascertained) of the hydraulie works, pipe lines, power house,
plant and switchzear up to the outgoing transmission lines (which are excluded)
varies as shown in Table 3. The sterling values are calculated at an exchange of
1s. 4d. to the rupee, at which it stood when all except Darjeeling (1s. 2d.)
were put up. It stands at 1s. Sd. to-day and may rise further.

)

[TaBLE 2
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Table 2.—Existing hydro- eleotric plants in India. . - |
- e ’ : ;o
; . North-West ' | ‘
Bengal. Bombay. Burma. Kashmir. " Madras. Mysore. I{?y,n:,g Patiala. Punjab. . Tl;l:)vr:n- United Provinees.” {
. . AR R W . » - i i . I T
Undertaking . . . Dargee.h‘n'g Bhatghar (:ol:al\. Tata SH. E. Bulma’ I\an!mljk Jammu (Jhelum © | Government | Cauvery Malakhand| Patiala Amritsar | New Eger-| Simla - Pulivas- { Ganges | Mus- ~
Munici-{ Dam. Water P. 8. Co.,| Ruby Wol Power | Power Cordi Powe A ; - .
lity Power Ltd. Mines fram Instal| Instal- . ordite ower canal. H. E. H. E. | ton Woul-l  Munici- sal Head- | soorie- °
pality. o | A . Mine lation lation Factory. Scheme. Scheme. Woaorks, len Mills, pality. II. E. works | Dehra
) | Mine. . . : Scheme.] Snpply.| Scheme:
; ) iles | 3 iles | Gokak, W.| Western ' Mogok .|N J , | Mohora : A . X -
Location i . ?Erom 1;1:“0:1 fronxxm s &hats. Ghate. | vg 4 '(Ia‘i:'oy. ?I’:]:"i‘? o K_a_rf:en, Nil- Sldvasamu- Malakand | Nidampur Near Aw- | Dhariwal Chaba.on Munnar{ Baha- |3 miles
Bhor. ! giris. | dram. ritsar, IS{lgtleJ g:dra- from
i : ’ iver, . town,
Source of water . .| Hill Lake Monsoou ‘ Jaynee and’ Sin Yat | Ranbir Rapids . . . . _ . .
streams, Whiting. rain, L avbu Chaung.| canal, in Jhe- Tgo Hill | Canvery Cﬂ}?l.: Gh:?b.u n Fall _in Uppe.r N.xynh o | Two ) Hil
tributary stored. ' streams In treams. Falls. diversion! Branch; Bari Ban Khad 1 fallsin| streams,
rfx \;{ al}. | o cams. Rir:er Sirhind Doabh Doab stream. . Ganges
r ;eet un | . canal. canal, canal, » canal,
. : 1,
! ) .

N ipimum pel.qnniaf,\ﬂow of 10 150 Y : 30 N 500 | 4,000 | ' 3 [100 without | . 550 | 1,050 for 200 9] .. 3,000 8}
source (cubic feet per _; + 7| storage; £40 days. &
second). . : . * 800 at .

. - v 213 | o< .. : , . . present. ) ~
fMa‘m. . AT 5,312 : 9,554 | AYY) ’ 82 Nil Nl Two lakes 9 500 Nii Nil Nil Nil vee Nil N:
l \.\{)1_111?;1;‘ ’ i ; ; and 12, :
cubie . | :
Storage < : 5’ i 5 - .. .. '
Regulating | O % IR il 'l Small Nil N Nil Nil Nil 4 -
I (Hours F. L. I f |‘ : Nil i
L suppls. | |
| | | _ | _ ~~ .
Gross head (feetj . . QZZ;‘) 46 to 10l ; 1,72') | 200 2,1&“ 26 395 . 850 410 to 426 .. 8 6to 97 H 540 400 19 ]’000
) , l . ‘.
t "
Lengtl; ((){;)J;en) channel or Q- ? ! 16 Nid Nl N 64 ; Nil 17,000 . 2 | Short diver- Nil orl . Short Nil
canal (.Miles). ’ ! . s10n, Liver- |-
| | : | . diver
Capacity of special channel  Small | o .. o 260 Nil 1,000 350 2.300 . " g9 hmg(.)() .
(Cusecs; . 5 ! _
Length of pipe line (feet , 7}':;:: L o000 2150 | 15,320 : Nil 70U 72,130 {950 to 1,100 e AT il Nil 1,300 oo Nil ‘4,3;0 :
bR i \ ‘
| , .
fInftal}lml ‘ ) ) | 2,100 G 0o THN S0u l 910 5,360 1,350 . 22650 330 2R) 270 900 1,650 530 600 2,400
[ N K’"J )
Caf):lacitty of] Fn(; ful} ti) 3,000 67,000 T i o0 1,340 | 20,000 1,350 32,000 Lo 430. 00 2,000 3,000 2,400
ant. evelop- e \ ‘ _
ment , i .
L e Lkop . . N
Cost of h,“draulif devehpi 20 00 1095 1,560 317 565 368 a3 630 000 - 630 710 300 240,
ment, power house anc
plant, excluding trans- . i o
mission and beyond. . ; ; |
(Rs. per K.W. nof e h. p.,: 'L !
Remarks . . Twoplants { Furt her Nee  plan . % . U . Upper and |Krishna- [See Tablle| Reserve Used for | Water Extensions .
in series, | stora ge and plat.. lower lakes rajasagari 2 also. steam subsoil insnfli- in pro- 5 :
i hydrauli-|  contem- connected Reservaoir plant ; pumping [ cient gress.
| cally,up-| plated 0y pipe| now partly full for drri- | often; Nee plan
i per tail) with a i Lo80 " ft.| available ~ supply gation, stand by | and plate. . A
} t"a“"l led ‘)";"‘(’H;}?m; _ ‘ g:ga.c'( ¢ for power. : i;nr 260 {)I:]llnt]ins- )
o owelr =" ; \ } X 1 .y() « a.\'ﬂ a atled,
reservoir, m. c. ft, l l- ! lower luke year,
Sce p]:m ‘ : ; ! r?du::ed by .
and Plate. ! : i : silting, 4
| |
e .
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Table 3.—Limits of cost of existing hydro-electric plgnts in India. .
Vi .

b

5
a
N

N . N Ter e.h.pl installed. Per k.W. installed.

Rs. | C@ 1s. 44, ;Rs. £@ls. 4.

Maximum ‘ 1,170 78 1560 | - 104
Mipimom . . . . .. e 179 12 7 240 16
Mean of installations . ’% 674 A5 900 60
- - ’ . -

Trae mean, i.c., total outlay divided by | 850 BRI ; 468 313

power installed (approximate). \} . i

ine Indian exchange at the normal pre-war figure of Rs. 15 to £1
sterlg‘lzkégzsel?ﬁgures may l?e’compared with those quoted in the Introduction to
this Report. The present exchange position is favourable for the import of,
lant from the United Kingdom, but is more than balanced by the high level
of prices there; so far as expenditure in India is conanned there has also been a
great rise in the cost of materials since 1914 while labour shows an upward

tendency.

94. Sites for water power in process of developmenl.—The only hydro-
electric schemes on which actual construction work is going on are “l’:lt.' of the
Andhra Valley Power Supply Co., Id., Messrs. Burn and Co.'s Lagyap .
project'in Sikkim, and that of the Burmha Mines, Ld., at the Mansan Ialls,

Upper Shan States. Particulars of these are given in Tahle 1.

/ /

~
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Tahle L—;Eydro-electri’c plants under construction in India. )

— . . - - —
~ 0 Andhra Vane\f Sikkim; | 'no .y
Undertaking. Power Supply | Burn and Co’s, BurmI:LMmes
- Co. project,
Location . Western 'Lagyap-l a, | Northern
o ‘ Ghats. East  of | Shan States.
Gangtok. "
Source of water- Monsoon rain | Lake fed by | Mansan Falls,
stored in| snows. . o
| lakes. ‘
. \
Minimum petennial ow c. ft. persee. .1 Ni , 134
Storage, main . Millions c. ft. 12,000 Nil
,» regulating . . Hours fall load — X N
supply. 1o ‘ ’ '
' Gross head . Feet. . 1,743 . 270
| ) "8 .
Length of open channel or | Miles None | B P ~—
canal. §
“'( - e R K
Capacity of same . . | Cusees / . . —o | ’g 254
[
Length of pipe line . . | Feet . - 4,700 e 996
Plant beihg installed . e. h. p. 68,000 & 9,750
Ultimate capacity of site . 5 90,000 13,400
Total cost of hydraulic - Rs. 260 at
development, power house ls. 44,
and plant up to terminals
of transmission line per
electric horse power. ) ®
.

25. Siles for water power examined but not so fd developed.—Table b
contains a list of known sites for hydro-electric works which have been exa-
mined or investigated (in greater or less detail) but have not so far materinized.
It is quite possible that there may be omissions in the table, as it does not by
any means follow that firms or prospectors discovering likely spots will publish
their results to the world ; on the contrary, they will be more likely to say
nothing about them. This was the case with a perennial waterfall near Heho
(g.v.), beyond Kalaw, in Burma, where it was subsequently ascertained that
a Mr, Alexander had reported on the site as good for 2,000 horse power.
Neither the report in question nor the engineer who made it has so far been traced.
Too much faith must not Le placed in the records of this table as it is certain that
large assumptions bave in some cases been made on the strength of insufficient
data, c.g., reservoir sites not gceologically reported on, or discharges based on‘
one set of observations taken perhaps long before the driest period or in a year
following a wet ycar. Nevertholess, as the possibilities of a site are perhaps
as often under-as over-cstimated the total power is probably not far wrong.
Further investigation of the more promising sites, especially as to the discharges
and storage possibilities, is essential. C

L)
S
/
/ . ]
. tTABLE 5.' -_—
: a3 N
. \ ‘v »

i
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Table 5.—Sites examined but not developed. o Table 5.— Sites examined but not developed—concld.

STORAGE SITES STORAGE SITES
Minimuu AVAILABLE Valne Minimum| AVAILABLE. Value
per: e} Groas for . per- L Groas for
(‘nﬂmnl hiead. | coutinuous ) emnial | 7 head. | continuous
ow. Resve. power. - flow. REGUL- power.
" Proicct. Invertigated S f it MAIN. ATING, : Tavestigated MaiN ATING.
Location or Project. ar urce of water. _ . R . " °
- cxamined by - s R R R et REuarke Location or Project. cumi‘::::d by Source of water. I — REMARKS.
Mill; lll‘nulra ’ Hours
‘ illion "L | i T F L | -
Cusees. cubic rupply Feet. e.h. p. . Cusces. f‘:bi‘g“ supply Fect. e. h p.
feet, or cubic . feet. or cubic
fect- . , feet.
Assam.
Damchera . < Asam-Bengal Rail- D datinga River . 14 3,000 201) 7000 Kashmir. )
way. ; . Kashmir, Riazi . . | Kashmir Darbar . '(‘honub . . . 30,000
Near Dibruganh « )] Not known . . . 26,000
Shilleng . . .|l W.D. o U Kra, U Slargi ! 0v ... S0 20 Madras. . oo s
_ Hogenkal Falls 0w b .e ., Cauvery River. . 550 | Large 6 to 85 h2;~>('0
Baluchistun. 4,500~
Fort Sandeman . | Gaptain Darling P Rhiasa Nullah . ol Nl 2t ¢ 110 T Kundah R Scleme . . and H. T ] Kundah . . a9 1,600 | Fair 3,600 20,100 Vﬂy, promisi
i . sibbs. ' j = Co.
| Beryal. Gibls | .
AR - 9 Mekadstu rapids . ] G. 8 Forbes . Cauvery o - . 550 o 175 8,600
Darjeeling 1. LGl B Robertaen renusa Jhora and 25 Swall | 510 1,200 |
Little l{ltll;t'(‘l. Oohcamund . JHr. Gibhs . . \ Shola water fal], 1 09 oo 1,00) 100
UL i Randy nulla. .
» 11 . A Stonebadge S Raman am Attle o " ) v PR I : )
i Rungzeet River. * , . 1 Pvkara River ., . 10 Site, bhut o 900 1’000 Involves ta
| » . . "o [ ' o de- to through ws
. I R 1 Kahil  and Litte| ... S B 1100 : i tails. 3,000 shed.
Rungeet River. ) y :
? " | A Y . " .| Ledhoma River . ., R 1,6/ B g ‘ Periyar Lake . . Ai, l‘l‘ ;-)armtt and | Petiyar Lake - Vast . 1, 54,000 N};i(;et(;i:;.l
; " v. » Ralason River . . 2,200 3 ’
A .
Ay BN . { N ) Teesta River 1o RY7A il e 1 o TR M res Coonoor and  Karten 12 60 (or | 65,000 1,020 2,500 | Est. cost a
» eatit Rivey / Nit 20,000 i R“‘lillj!] ';ude (Nilgirt | J. W, Meares (Ri:'c‘rs. more). (or (or more)] Rs. 340
o : . more). e h. p. (or
R o _ Minimnm ; 450 k
. Kumanf, Duars JJdW Meanes S| Jaldaka River®. . 140 Pl e1,000 13.(Kw) ] per kw.)
i but in tea § .
! : seanon f )
1 Kihar and Orisoa. - |uu:~e,u A - L . ac o
f - " Siruvani Project .| 1. W. D. and R H.} Siiuvani River, 45 280 to 1,200 5,000 T Site  for
Mayurbbany . O H D Donclas and | Barabalons Rives . H 22000 oy o s Irw E Martin. Nilirivis. 450 reported
} W, b, ft. { favourahle.
} Bum/;a.),', .
H . . e N.-W. Frontier =,
o Kovna Valley Project oF Measre Tata and AL} Stotage m Weltorn Sualdl . Tzoawn . 1,600 300,000 . Province.
H T. Avnall, Ghats. B’ * .
? : Malakhapd Tannel . | Capt. (now Lt.-Col) ['}"l"“' dwat  River 1,00 230 r20’090
H Nila Muala Projeet 0 Mesars Tata awd W Storage e Westorn |, . I o 1,700 75,000} About to be deve- Battye, R. E. Canal. 0f more.
. Gibha Glats. Joped. i
i LPunjab. [~
) T . v e J17 ’ y .
Poma e Vv NGt e ™ a3 1 Bhakra Dam e ime . | SutlejRiver . .| 2700 [ Notto be| .. 330 | 81,000
- k ’ o utilized.
? Burmna. - '
. . i PR T . 7 . ) .
Heho (Yawughwe) .0 Mr Alevander, and | Hebo Biver . , G | Very large, Tl £,00) | Accarding to Mﬂdhupore . . l’unjalv. ‘ l‘o\\l‘l L 1",“(.11 Bari  Doab 1,300 Nil lﬂzot(()) Orlg;f));)t(‘)
Moenars. Barlow and but  on tor wtorage. . Assoviation and F.| Canal. R .
Meares, avricul- 10,00) Milne.
{ tural )
Cochin. fand. Rasul . S Capt. (now Et.sCol) [ Lower Jhelum Canal 4,500 Nil. Nil. 8) 33,000 , -
Cochin . M 4L s Forbes .1 Chalkudt River . W 1,000 07 25,000 l Battye, k. E .
. - * Milne . | Nauti Kbhad exten 'im)#‘ 8 20| .. 1,600 | 67 ipo 1i
! Central Procinces. . Simla RS k .| F. Miloe. ‘ autl e - ’ . o0 P;:t line 5,
[ .
| R Nahaa River . ¥ | Large . 4 on) 0,000 7 .
. Balaghat ) ’ United Provinces.
i hal Biver o o e " . Pl Low | om0 P A ‘
§< ” ‘ ) ) Uobal fover Lackwar Bridge, | U. ', Power Associa- Jumna River , ;
i : Indeawatt River Ty e ? N 3,000 ¢ Mussoorie-Chakrata | tion. Louo Pl 130 or 12,000
}. (hatisgarh . . i . : Road. more or more,
3 B N . » - . e . :" Not L. Lo f N “’lth
Silewani Ghat i Me E. Batehelor L Beservons . . L ! ;(":?:i"l'.'. , p dam.
’ ————— e e — . . , . I

o
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26. Possible sites for waler power requiring reconnaissance.-~Reference
has heen made above to the inquiry made for possible power sites in 1905, at
which time it is clear from the returns sent in that the conditions that make a
“ good site” were very little understood, even by engineers of the Public Works
Department.  The enquiry was begun afresh under Mr.  Barlow’s dircection in
November 1918 and was continued up to the date when this Report went to the
Press. In every part of India and Burma sites new and old were discussed
and an endeavour was made to obtain information on salient points. I'he results
of this preliminary enquiry cannot well be put in tabular form, as there would
be too many blanks to the prizes. It will be preferable merely to givesuch
information as has been collected in the form of notes on rivers, arranged by
Pravinces and, in cach Province, in alphabetical order as far as may be.
The sites given in Table & are mostly repeated, as further information is
desirable although more may even now be known than could be put in a
tabular statement. The fact that more possible sites are listed in Burma
than elsewhere is duc to the fact, explained above, that during the first
scason’s tour that Provinee received more enquiry and attention than all the
others combined ; the Central Proyinces is o good second, but mmny of the
sites there are sure to prove uscless, £t must be cmphasized that «ll sites of
which practicully nothing is knonon, s well as all which hace preciously been
recorded, are entered in the lists. Until lhey hace been ‘examined il s
- bmpossible to say which are worthless and whick are worth further swrcey. By

making the list as complete as possible the worthless ones can, it is hoped, be
climinated once for all after the next season’s work.

A mere list of sites makes dull reading, and the matter collected has
therefore been relegated to Appendixes 5 to 11 Here some general notes
on the conditions in cach Province will he given, in alphabetical order.

Assum.—The whole arca of the Khasia and Jaintia hills offers great
possibilities ; other hill distriets such as the Garo hills are less civilised and
are little known or mapped, but may have favourable sites for cventual
development. The road to Shillong runs through dense jungle where the
hills and valleys rise and fall very rapidly. Reservoir sites in the lower
parts scem unlikely ; the slopes of the rivers and their discharges appear too
small for any considerable developments of power.  Detailed reconnaissance

may however disclose reservoir sites ; but the jungle is almost impenetrible,
except for an clephant.  The upper parts can be prospected on foot and appear
more hopeful, e.g., the Umian River ncar Barapani, but there is little infor-
mf@on available, The proposed Pandu-Shillong railway can probably be
supplied with power for working when sites have been further examined.
Discharges are being taken where possible, e.g., on the Um Rai River, near the
road. A site near Saitwait village, on Kersh’s (3) old road trace, 15 miles below
#Lynkerdem on the Thanjinath Plateau was also mentioned as worth examin-
ation for the Pandu Railway. This has not yet been identified on the map.

The upper plateau between Shillong and Cherrapungi is 4 rocky country
intersected by numerous deep nalas, and narrow valleys, the tributarics of the
Shella River (q. v.,) carrying oft the drainage, with very quick slopes; no
storage of large amount appears possible without dams of great height, while
earthquakes render these unsuitable, exeept possibly in reinforeed  convrete.
This is the fegion where the rainfall averages 00 inches over a strip of
country about 15 by 10 miles.  Transport from the plains helow Cherra would
be dificult as it is all Hooded in the rains, though country boats come to the
foot of the hills.  There is good limestone and coal of good calorific value but
bad storing quality. The road towards Laitkynsew may offer reservoir sites.
Near Cherra the two hest reservoir sites appeared to be on the tributary of
the Um Long which runs near the road at mile 30 and on the Um
Pynjngithulli near Umsohphi Villag@ The former is moderately flat,
with rice fields and a few huts, on the west side of the main nala; and
there is a local pocket which may be suitable for a reservoir. In the same
tributary lower down and a little above the falls shown on the map there is
another possible site.  As regards the Pynjngithulli there is one place much
better than elsewhere about half way up the nala above the falls, where the
valley is wider and has a less rapid slope. Modern 1 inch contoured maps
are available to the cast of longitude 91, and cxawination of these may dise
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close further possible rerervoir sites ; but time has not allowed this to he done

as yet. There are scores of waterfalls marked on the map, hut they are mostly

dry the day after rain has ceased to fall.  December and January are ordinarily

the only really dry months ; November and February average about 2 or 8

inches. \

The names of strcams are often different on the Atlas and detailed wgheets,
and the alternatives are given. ’ )

A list of possible streams and sites for rceonnaissance will be found in
Appendix V, - .

Bengal and neighbonring Stales—DBengal proper is almost entirely flat
and offers practically no chance of water power ; and the proximity of the
coal fields would in any casc militate against the financial success of such under-
takings. At various times in the past proposals have been made for supplying
power to the great industries on the banks of the Hooghly ; either by trans-
mission of power from large stations in the Raniganj coal fields, 100 miles off,
or again from the Burabalong River in Mayurbhanj State, Orissa, (q.v.) an
oven greater distance. The ITooghly River Power Co. was formed for the
first of these projects, and a license was granted, but it fell through. The cities
of Calcutta and Ilowrah obtain their supply from the Caleutta Eleetric Supply
Corporation (sec Table 2) but hitherto little progress lms.been made towards
supplying the local mills from the power house at Cossipore. The fact no
doubt is that, with modern steam engines and boilers, most large factories can
obtain their power cheaper by having their own plant ; where the plant is old -
or out of date it may be preferable to purehase power rather than to lay down
capital for a new drive, especially as hitherto the cost of purchased power has
«teadily declined. : N

In the coal fields area also there have at various times heen proposals for
central generating stations at the- pit’s mouth, for use in the collieries. A
beginning has now heen made in this direetion, but the tendency to instal
rival plants is strong and cannot make for cconomy. Recently a considerable
part of the “Bengal” coal ficlds has heen transferred to the new Province of
Bihar and Orissa. ' . : .

There are endless possibilities of water power in the ITimalayan regions
bordering on Bengal in the North, for the most part in Sikkim and Bhutan.
Here the rainfall is very heavy, 100 inches and upwards, and the larger rivers
are also snow fed.  They are however subject to great floods and no reservoir
sites seem likely, so that the cost of development will gencrally be high. A
list of sites, some of which may, when further details are obtained, prove worth
detailed examination, will be found in Appendix VI. :

Bihar and Orissa and neighbouring Stales—The possibilities of water
power, especially from storage, appear to he (‘f)llSidOl‘{.ﬂ)]O in this Province,
though as yet there has been little time to investigate sites or determine run-

-offs and discharges. The region around the coal ficlds is likely to obtain all

the power it requires from that source, and in the absence of “W hite Coal” there
is a paucity of perennial streams. The Palamau and ITazaribagh hills ; the
Ranchi District ; the Mayurbhanj State ; and the mtcrvm_nng uplands have
prodm-ed many sugeested sites for FeCONNAISSANCce as will be.scen lgy the
list. A skeleton map of the Provinee has heen pr:\pnr(\d in the Chmf. Engnmqris
office, showing the sites and other data. Myr. Clayton h:fms found time to visit
manv of the sites and to take discharges m]d dctm'mm_e othf\,r data, botlh
sosifive and negative. A list of sites in Bihar and Orissa will bhe found in
ix VIT,
Apppl?g:nbay.——'l'lmrc are probably cndless sites in the Western Ghats, of
which the Dest have already been examined by Messrs. Tata's engincers.  The
rainfall is heavy, especially at the scarp of the Ghats, where it locally reaches
900 and even 230 inches; but nearly all _c(mcontrat(‘fl hetween Jun.e m}d
September.  Storage 1s thercfore an essential of practically every project in
this arca ; the levels are prima facie favourable ; the fall is generally of the
order of 1,000 to 1,800 feet,ﬁohtamcd for the most part by piercing thg water-
shed ; the demand for power 1s large ; and the tail water could sometimes be
used further on for irrigation. Dharwar, Satara, Poona, Belgaon, parts of
Nasik and Ahmednagar and probably the P:,u‘mh Mahals and I‘(hapd.es L, were
the districts specially brought to notice.  The Nerbudda and Tapti rivers flow
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through the Panch Mahals and sites can probably he V]o‘@tf\d. I 'I‘ln.s is u largc
cotton growing area. The cost of existing reservoirs in t 14']]31.0\1511(;( u:.les;
from Rs. 212 (Gokak) to Rs. 570 (Chankapur) per million cubic feet,  Sind
i ikely ‘¢ any power. ' o .
N u:lxl;\elf)\xtc(z‘l}llg:é 'l‘a.{'exlwl map showing the sites of oxns{mg n}ul l]n'OJ(o‘(lrt_m}
irrigaffon and power works has been prepared under ts!u.\ t';r(‘ f‘rts (; t w-l m;\
Engineer, Public “'nrl{s ])f\\partn;{?ntir;)lnla scale of S inches to the mile.
is ites will be found in Appendix . o
list Ofo;l,t-;:a‘,nl'}:”; the Shan lb‘/utes um‘l n(’i_qlzb'ouri'ng It;f')'zlq{}zosim'r!;(; whol:
of this Province especially the Sl_):m States, is w 0ll. .un]];s 1{\( ' '\\1 1 g:i(‘\la_
possibilities of water power except in the (-oxnpa.)-ah\-cb ..sma] ( xl_\ one. R e
great rivers for the most part rise very slm\'!y in cley alg(m., mtlt me numf 1‘ou.s
tributaries, and the feeder streams of tlu:so, rise i the l‘nlls m‘u” (.) [f(\n }“’m:]nt
cood falls. There is also more ]'w.rmmml ,\’\'ntm' th:n.) is genera .\‘ m.m(.’ in ;o
i’)eninsul:\, though there is no “ White coal ™ exeept n ('lw upper cate ).m?n S
of the Irrm\'m‘ld.\' and the Snl\\'om.l. (h‘m-mll:\' Sl)f‘{lk"\f,{ there appmr.\'httl.u
prospect of reservoir storage, as the ]n!wstmm w!nch 1‘(')l‘n>1s 80 l:‘l.rf:,'v. a pm]‘)m:
tion of the hills is much tissured. “Natural bridges oW heve a n\v.x.(hsapl]unlxn
completely underground are a common f.vnturu nl. the ‘(tnuu(r) ; m;(' tl?(.
rmmwam'nce of the stream at lm'_}_;o s])l'l:\f_:ﬂ.(‘15!'\\]11‘]'0 is ('()n.\l‘(‘lll(‘llt \] :;sn
common. The mineral resources ol. the Provinee are being developed  but
have not been fully prospected, for lavge aveas are almost unknown and are
unsurveved.  Seoncr or later however there should be a - considerable demand
for po\\.'vr, and it is possible that some of the promising sites may prove worth
development for special industries to be established near them.  The minimum
discharges are in very few eases kn()\\’p, as for the'!nnst lmt:t no nmasulw?nvl'\ts
have heen made until undertaken for this survey. The rainfall f_:t‘l\(‘l'.’l”:\ over
the Provinee will be seen from th«: rainfall <-nnt<.»ur..s unl tlul‘.x‘nnp in ‘tln_s:
report, and some ficures are siven  with . each 'vn‘t r'\l .Am -.t-‘“"(- ;a‘(l .ui . _\g..s,
Generally speaking nearly the whole of the l':lll)'i:ll 1% !)}(]Uptl (.;(.u m b, ; or
at most 8 consecutive months of the year; to the f*.\tvnt of ahou f'l-) !Nl u-r! . (..t
the mean annual fall.  It;follows therefore that, in 1!w :lhsvlu.cvu 0 ...n'_:.- ,ll,!"lu:\:
the discharges must fall very low 10\\':1.1'(19 the end of 'tln- ( l.\. per 'uu.lf Unless
therefore reservoir sites prove l)}-:xc(l(w:tl;l(', as o \\!ncl} lhm‘cl- ix \l.q:\ little in-
formation at present, the smaller rivers may not |'n'mlc 0( "n.m;_ ll \:1 ut L Office
A map of the Provinee has been prepared in ‘t \f' ’ e ”“mn.m v \ flic (',
eivine all available information as to !'():L.lls, r:_nl\'m'\ S, mu:.j!mn .st:m.n.u.s,
:1’)0\\'0; stations, altitudes and mh\ﬂ'ull. l:\,ll\nvsl of rivers and sites retjuiring
41l be found in Appendix 1N,
recqn;"(‘,"l)‘z?\:':(‘t'lm;’/'v;‘r‘liu(.‘c's and ]»‘r’ral']wilh neighbouring States.—There are few

perennial rivers except the Indrawati, Nerbudda and lq‘nl"t‘i’nm lﬂm""gf‘n \\'il(l
ik + AP ) "‘ KT FIey COROTV i’-.‘ “xis‘ ) (-lltl'u v, ”l‘ Wi no
cenerally he necessary.  Sites for reservoirs i _

be cheap to develop ; indeed the relative u»t’ i"f, ::‘l:li(‘(ll “"tl(l“n tn. ll]‘li,\‘l.‘ ;l‘?‘t“‘l(i“
reservoir capacity is inm'easo(l: 1t averages Rs. _H.).pm“ ln]“ mn 'u -).‘. .. ' .‘(.-
water. Owing to the uncertainty of the raims .consul.m a : ¢ «-.:n.\':mu f‘llw i \
will in every case he required. 'l‘lu'\ plateaux of the ( t'lltl':\l l.l'()\.llli'(t.\”l(n?(‘\(.l.
lmdonhtcdl\.’ offer possibilities which are well worth u\'mnm:]\!mn ,]. 'u-‘\‘ .:m‘
eenerally from 500 to 2,000 feet or more above the sucrounding g .np;, M}l‘.
catch the rainfall.  The Satpura plateau, the ‘\ indhyan «-sm;pnu-n‘t W |lt \l' lt ul
Malwa plateau, and the hills ni" the Bastar .ht:lh' v)nl,?.:mv t'n;‘ 1.1‘1'3‘11; .c'. 1} Ttnt‘l‘(\
regions. It is strongly held in the Provinee that for any larae l_nlnju ‘lf
combination of irrization from the PeXCTVOITS should e mmlnnu-(l. W 1‘1 1 pow ('I:
and that this combination may he financially suceessful when neithen nns\:ht ]"l
soalone. The local work of the sur\'c-.\"(ntlwr ‘”l:lll ln‘)m‘,:l‘.:l[iln(':i]). shoule
therefore be undertaken by an officer of the Cent ral ln‘)\”“-ipls ll)l.ng-z\tt(:x
Department.  Officers of the loeal administration in t!w l%fkn.lmw‘ ’1‘:;‘}:'1‘\: f,.,;
despite shortage of stafl and notice, went to greal  troubl fu lvl-l\!:] t_‘.w-
excellent layered S inch map of the Provinee with possible sites mark b » u_;
ther with memoranda on various proposed power sites. I the list o sn'(:s
given below there are certainly many that are :'lhst)hlf.l'l_\' u.s'(ilvs‘s l_or. E:(;::((lll'
ImrpOses, hut until they have heen oxnmjnvd it s lmpn'ssﬂn!vtn ( l;‘t({;l‘-“l:-t-«rn-\'(>i|~
are in this category ; the information is far too sketehy. .h(..mvl of ‘1;0"“ “N.M
sites Tor instance are below any  likely tall, hut may nevertheless YO
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for irrigation purposes in combination with other tanks higher up the catch-
ment areas.

The average monsoon rainfall of the Province varies between 35 and 60
inches, but is very liable to fall short in particular years. Furthermore it falls
almost entirely in 4 months, June to September. There is generally an inch
or two in October, and coming after the heavy rains this will give a good run-
off and perhaps obviate drawing on the storage. The other months seldom
have as much as half an inch. _

The memoranda of the Director of Industries, the Under Secretary, Public
Works Department, and the Executive Engineer, Waingunga Division, may
be specially mentioned. The following list of catchment areas of rivers where

the 2,000 foot contour cuts them will be found valuable. It was prepared
locally for this investigation.

Table 8.—Catchment areas of rivers in the Central Provinces where
the 2,000 feet contour cuts them.

Name of stream Catchment area
Xame of District. Contour. - or in square REMARKS,
river. miles.
Betul . . . . 2,000 | Taptee . . 22800
Deo. . . . . 2,000 | Wardha . . 8170
Do. . ST . 2,000 | Khursi ) . 38750
Do. . . . . 2,000 | Purna . . 93-00
Deo. . . . . 2,000 { Machna . . 136-00
Balaghat . . . 2,000 { Deo . . . 91-00
Seoni . . . . 2,000 | Wainganga . . 27500
Do. . : . . 2,000 | Tel River (Tribu- 1782
tary of Waing-
angaj.
Jubbulpors . . . 2,000 | Mahanadi . . 46-27
Mandla . . . . 2,000 | Nagrar (Tributary 3419
of Mahanadi).
Do. . . . . 2,000 { Nerbudda . . 1,203-85
Do. . . . . 2,600 | Kashmeri  (Tribu- 2752
farv of Halon
River .
Do. v . . . 2,000 | Burmer or Burhuner 6056
Chbindna . . . 2,000 | Kanhan . 17914
Do. . . . . 2,000 | Bel . . . 35630
Do. . . . 2,000 | Sitarewa . . 9445
Do . . . 2,000 | Pench , . . 52762
Do« . . | 200 ! Hared L 14647
Do. . . . . 2,000 | Umra . . . 51-87
Do. . . . 2,000 | Kulbehera (Tribu- 221-92
tary of Umm
River).
Amraoti . . . 2,000 ! Khandn . . 3825
Do, . . . 2,000 } Khursi . 58-79
Bastar State . . . 2,000 | Indrawati River . 192-00

A list of sites in the Central Provinces, requiring reconuaissance, will he
found in Appendix X. :

Madras and neighbonring States.—The hill ranges of Madras offer manyv
possibilities, as yet little examined. In some parts there are two monsoong,
and a far more even distribution of rainfall than elsewhere. Madras is also
famous for its reservoirs and irrigation tanks, so it is probable that many
similar sites may hereafter be found suitable for storage for power. The cost
of reservoirs varies from Rs. 131 (Kistna) to Rs. 112 (Periyar) per million
cubic feet. The whole Nilgiri area requires special attention, as many  sites
arc known to exist but require investigation of discharges, run-off, reservoir
sites and practicable falls.  Other hill ranges, less known at present, may prove
as vood.

A list of sites brought to notice for reconmaissance will he found in
Appendix XL

H
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North-West Fronticr Province and neighbouring States.—This district is
in the drv zone, with a rainfall averaging 10 to 15 inches but often less.
The Swat "and Indus rivers, the Kunar (a tributary of the Kabul river from
Chitral) and the Kunhar (a tributary of the Jhelum) are all snow fed and
therefore have a large perennial flow and great aggregate fall. Other rivers
cuch as the Gumal, Tochi, and Kurram have very large catchment areas over
the border in Baluchistan and Afghanistan. Owing however to their
position on the frontier and the wild nature of the country, bothin its phy-
sical and moral aspects, very little prospecting worlky, has heen done ; indeed it
is very unlikely that power sites, however vood, could be utilized. TIndus-
tries of any magnitude, beyond acriculture, are unlikely.

A list of sites brought to notice will be found in Appendix XIIL

The Punjol and wcighbouring States.—The five great rivers of the Punjab,
pamely the Sutlej, Beas, Ravi, Chenab and Jhelum, all take their rise among
the Himalayan snows, outside British India, descending to the plains in a
seriex of rapids.  With the exception of the Beas, which will no doubt he
atilized eventually, they are all harnessed for the service of the vast canal
svstem which spreads over the arid plains of the province.  There is also much
local and imdizenous irvication on the terraces in the hills, which taxes the
tributaries considerably; and nearly every little channel of this nature has its
primitive water wheel for ‘_'rindix.lg the \'I.Ililf:(ﬁ. corn. These water richis are
jealously cuarded.  The irrication interest is therefore paramount, hut there
fe vory Little likclihood that any water power scheme (other than o canal fall
dc\'cl:)pmvnt) could interfere with the canal system, which takes its rise ex-
clusively in the lower reaches. That this is true of the Satlej is explained
Lelow.  The potential power of these rivers and their tributaries, even on
their drv weather discharees; isvast and need not e ealenlated 5 but hitherto
thev have been little examined for practicable sites for water power where
the development wonld he reasonable inoeoste A few miles of the rapids
of th» Jhelumn at Mohora have heen developed by the Kashmir Darbar (see
Tabls 2) and this will serve as an index of the power contained in the Hima-
layan reaches of the five rivers, Hitherto the demand for electricity has been
mainly contined to the towns and eantonments of the provinee, which have
cither installed small stean or oil plants or have hadto forego the benetits
of the clectrie tan throuchout the sweltering heat of the summer. The indus-
tries that exist are seattered, and there are no great centres where power
on such a larze scale has been  demanded as would invite capital  to
embark on laree projects. It may be hoped that progress may be on broader
lines in the tuture, tor all the power that can be demanded can he supplied
over and over acain from the * White Coal” over the horder. The raintall
cannot always e civen as even where known it varies  greatly over the
vast catchments obf the larce rvivers,  Generally  speakine however  the
monscon breaks at the end of June and lasts till September only. A certain
amount of snow talls during the winter in the hills; and local thunderstorms,
sometimes severe, also occur at any time,

There are many falls on the various canal systems, some of which are
capable of giving considerable power for the creater part of the year; all
however suffer from the disadvantace of a periodical closure.  As regards this
source of power it is clear that the [rrication Department must have the
final word as to what may or may not be done.  As rewards new projects, how-
ever, mention has already been made in para. 5 of the fact that two or more small
falls have often heen construeted where a sinele fall of greater drop would
have been  practicable. A little extra expenditure to hesin with may
malke a had power site into a cood one; and it is to arrigation  requirements,
wueh as sub-soit pumping or high level pumping, that such power schemes
will \|»ml;ai.ly ook for their outlet.

The late M. Barlow recorded the following note on the subject, in view
of the ditferenee in the practice of his own Provinee (the United  Provinees)
and the Punjab.

< The Punjab Canals van in rotation, 2o different hranches in different
weeks, und the main canals have sometizes to e closed tor a month in the
onsGon oF Inowinter on account ol heavy rain or for «lt o clearances,
There are falls in many places of S to 19 feet with cood discharces, and these
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Blight be used for pumping water for irrigation and hy this means reduce
waterlogging and also cnable certain channcels to be closed and the water ysed
elsewhere. The Irrigation Department think that the water rate would have
to be raised to enable these schemes to e a paying proposition, but consider
that the cultivators will be able to pay it. There are also manv local
industries on a small scale which would probably come in if this power were
provided.” A map has been prepared in the Chief Engineer’'s Office, Irriga-
tion Branch, showing the canal systems and other relevant data. >

A list of sites—probably less complete than any other—will he found
in Appendix XIIL

United Procvinces and neighbouring States.—There are great power possi-
bilities in the United Provinces, Csl)ecia}l}' in the Himalayan and the Bun-
delkhand and Baghelkhand areas. The rivers from the hills are largely uti-
lized for irrigation, and res-ex.'vmrs-of large size are common ; it may therefore
be supposed that many unutilized sites for reservoirs are to he found, capable
of being used for power purposes hefore feeding the rivers and canals below.
'll.le. cost. of reservoirs varies from Res. 1‘19 (Gaggar) to Rs. £48 (Betwa) per
million cubic feet. This preliminary enquiry supports the supposition. A
table has l»een.]ocally prepared showing the catcl}m.ent area, storage capacity,
probable maximum flood and cost of many existing or under construction
storage works in Bundelkhand; it is not printed here, bug is on record. The
cost per million cubic feet of useful storage varies however as follows :

Seven cases, between Rs. 800 and Rs. 1,400, all small by comparison, i.e.
100 to 600 m.c. ft. useful storage.

Seven between Rs. 192 (minimum) and Rs. 400, varying from 313 to
11,250 m.c. ft.

Ten between Rs. 400 and Rs. 800, of all capacities.

There are many small falls (up to 12 and 1.k feet in a few cases) on the
irrication canals.  The majority of these are of small account for power
purposes and suffer from an annual closure; but a few offer good power and
others may perhaps be utilized hereafter for high-level or subsoil irrication
pumping.  The complote Tist of falls over 8 feet is therefore given so far as
data have been supplied. )

An excellent map of the Province, marking power and irrigation sites,
has been prepared under the orders of the Chief Engincer, Public Works
Department.

A list of sites hrought to notice, with eanals at the end, will be found in
Appendix XIV.,

27. Native Stales aud territories adjoining DBritish India.—As explain-
ed in the note at the beginning of this Report, the term “ India” is used in its
geographical atlas sense.  Water power refuses to be confined by territorial or
political boundaries or by sectional or Provincial interests; it exists where
Nature places it, although it may he artificially controlled to some extent. A
promising scheme may take its rise in one State, be developed in a second and
utilized in two or more others ; it may he necessary to modify it so as to 1meet
existing water richts or future irrigation requirements, hut here the advantages
need to be properly balauced by independent authority. It so happens that a
considerable amount of the available water power of India takes its rise out-
side British territory, and in some cases power sites will eventually he found
(where this is not already so) cither on a river which is also a political bonndary
or entirely over that boundary.  Certain instances are already given in this

Zeport, and if any places are incorrectly located the Compiler apologizes for
the errors.  Hitherto the two officers deputed to carry out the Hydro-Electrie
Survey have heen unable to visit a tithe of the sites referred to, and the first
reconnaissance of all will certainly tax the encrgies of o considerable staff for
several seasons, while actual survey work is proceeding at sites alreadv favour-
ably reported on. The material in this volume will however show what is
required, and much information can be colleeted in advance by the engincers
of the various States which may wish to  have their water powers examined.
Requests, formal or informal, have been reecived asking the Chief Enginecr,
Hydro-Electrie Surveys, to visit or report on water power in general or sites

-

usl
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in particular in the following territories, which are arrranged alphabe-
tically :—
" ALWAR.—The Sewai Maharajah enquired of the late Mr. Barlow
reearding the bund at Bara.

BARODA.—The Hon'ble the Resident at Baroda refers to the Orsang,
Oonch and Heran River projects ; the Saharmati reservoir projects
at Hadol and Dharoi ;, Khadiar Nala falls in Dhari (Kathiawar), and
Mokhadi falls in the Nerbudda. He has heen asked if data as to
discharges, falls, ete., can be collected.  In reply to his enquiry
about a visit to Baroda State, he has heen informed that inspections
are not possible before the next cold weather.

BENARES.—The Karamnasa and Chandraprabha falls are referred to
in Chapter 6 of the Report under the United Provinces. The
Darbar has been asked that they may be reported on further.
His Highness the Maharaja has made a request for a visit to
examine the sites.

BHARATPUR.

BHOPAL.—The State Encineer refers to two alternative sites on the
Betwa River which it is desired to have examined, and as to which
details exist in his office. A visit to the sites next cold weather
has been promised.

DHALR.—The Political Agent in the Southern States of Central India
has also referred to the Dhari waterfalls on the Nerbudda, which
have been reported on by Mr. Hartlev.  An endeavour will he
made to visit the site next year if possible.

HILL TIPPERA.

HYDERABAD, DECCAN.—The Mint Master and Chief Electrical
Engineer has enquired if the data of the rivers in His Hichness the
Nizam's dominions will be of value.

JAWHAR.
KAPURTHALA.—The Darbar intimates that the investigation is
welcomed.

KASHMIR axp JAMMU.—The Chiet Electrical Engineer refers to
the 20,000 H. P. scheme on the Chenab and to the prospects of
supplying power to the Punjab from Kashmir.

KOLHAPUR.

MANDI—The Darbar asks for examination of the contluence Beas
and Suketi Rivers at Mandi.

MYSORE.—The Hon'ble the Resident at Banealore has asked to be
informed if the Survey proposes to visit Mysore,

RAJPIPLA.

RAMPUR-BASHAHR.

SIKKIM.—The Political Officer in Sikkim has offered to make arrange-
ments for a visit there in connection with the water powers of the
Lagyap Pass and the Teesta (g.r. under Bengal and neichbourhood) ;
also the Rungpo.  There is evidently great power available all over
Sikkim.

STKET.—The Darbar welcomes the investization and calls attention
to the Suketi, Bhawana Khad, Smmal Khad as well as minor streams.

TEHRI-GARWILAL.

w*

)

25, Summary of resvlts.— Taking into arcount tables 2, tand 5, and the
sites in A ppendixes V to NIV where there is a reasonable prospect of obtaining
power to the extent estimated by the persons concerned, the round total comes
to about 1,771,000 electrical horse-power actually in sicht, The fizures,
classified both by provinees and by the deeree of reliability of - the estimate
are civen in Table 7. The total is of course vastly helow the actual available
power which the final results of he surrey will disclose. "Thus there are over
130 possible sites, to which attention has been drawn, of which nothinge what-
ever is definitely known ; there may he hundreds more vet to be found,  Apart
from this, however, the ereat perennial snow  fed rivers have heen searcely
rouched upon ; their potentind power has not been determined and is in no way
hrought into the table, except as recards a few definite projects. These fuor the

-altitude, and are not abov
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. o in & few miles of the river, and a few hundred feet of fall.
'llx’ll?:t Ié:{gu(;::i{): m‘x)% the British Water Power Committee relating to the
Irrawaddy and Chindwin Rivers, with their 7 mlllgon potential horse power,
has heen referred to earlier ; where it is also explained ’that as mosy of the
diséhange comes down in a few months the actual potential power available for

12 or even 9 months will be far less. Even so, many millions of horse power

could certainly be obtained all the year round from the Himalayan mountains

] cere no object -and fuel no longer existed. Thus the combined
:ii:fmtur; dischargesjot' the Indus, Jhelum, Chenab, Sutlej, Beas, Jumna and
Ravi Rivers amount to over 36,000 cusecs where they enter the plains, equi-
valent to well over 3 million e. h.p. per 1 ,090 feet of f f)’ll; these rivers and the
tributaries that feed them rise in mountains up to 20,000 feet or more in
e 1,500 feet above sea legl where they entexgl the

: ins. Similar considerations apply to the Ganges, the Sarda, and the
fﬁgl\a ]:i\l')gix}sm;isinz outside British Tndia to the east up to the Brahmaputra,
and acain in Burma to the Irrawaddy. a1.1d the Salween. What the total power
on the minimum discharges may be is incalculable, while on the normal dis-
charges throughout the greater part of most years it is certainly several times
as gx?eat. (The table is on the following page).

99. The Key Map of Sifes.—jTlle general map of India on the. Sca,le of 64
miles to the inch, which will be .i’ound in the pocket, hz}s 1)_een spemvall_\ Prepar-
ed for this Report by the Supermtex_ldent of Map ?ubhcatgon, ?ur\r eﬂ of ¥nd_1a.
Tt shows as far as possible on th_ls scale the rivers, rallyays, an 001:}5().111-5.
The possible power sites marlg_egl onit do not pretend to be in exa?ﬁ Poijltlol'l;
thev serve to indicate localities 1n§1'ely, as the er.{act squares W e1‘e nown
are stated in the text. A certain amount. of information Is also given
( aurrence of coal, oil and minerals, but this again does not

rardine the occ N
;.:.‘(;?;(,d to be complete or very exact. It by no means follows that areas

without any entries have 10 water power; it ”mqe:'ely means that no data
have heen collected so far. Of the hundreds of. 4", 2 m.ld 1 maps rpf]elr} ed to
in the Appendixes hardly any have been gxammgd as :Vet, as eall?’ Pul) iccatxon
of the Report with a view to future work is more important than completeness.

\TaBLE 7.
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CHAPTER VII—FUTURE WORK OF THE HYDRO-ELECTRIC SURVEY.
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’ 30. .dgency for carrying out the future work.—It is not necessary or
within the Compiler’s province to l:}y down exactly 1_10w the work necessary
to complete this report shall he carried out. In certain of the following para-
graphs suggestions arc made as regards spemﬁc points requiring attention.
| It is clearly essential that officers shall be placed on special duty, at least
| during the.dry months and during the period when reconnaissance and survey
work can be carried out. For this work officers with local knowledge will
be required in cach Province. In order that the work of the Survey may be
of use to Indian industries and Empire Resources 1't appears essential _that
the Chief Enginecer of the Survey should act asa liaison officer to co-ordinate
the work that is being done and to sec that it is done in the manner
to prevent overlapping on boundary rivers, and to dra:w up
progress reports as the work proceeds. In order tosave delay and circum-
locution he should, it possible, be allowed to correspond directly with all
wazotted officers of the Forest Department and of both the Irrigation and
Roads and Buildings Branches of the Public Works Department.

In provinces where roservoirs will zenerally be necessary it 13 clear that
officers conversant with irrication work wust be lgl‘ge}y employed ; and wher-
ever there is a prospect of combined works for irrigation and power, whether
from rivers or reservoirs, the same remark applies. At the same time there
! mav he in such  districts other sites of a totally different character, the
l - reconnaissance of which requires a knowledge primarily_of water power and
the hest methods of developing it in cach case. It is very desirable that
arrangements shall be made at the earliest possible date for resuming field
work, and officers should therefore be detailed for this in each Province as
carly as possible ; sce paragraph 3. . '

There is considerable danger that, in the absqnce of specific demands
o — for power, the work will be chelved. The co-operation of the Water Power
Committee of the Conjoint Board of Scientific Societics, which has heen offered,

may be invited to prevent this happening. '
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31. Census of power.—It is hoped that the somewhat sketchy summary

! of the power used in certain parts of India, given'in paragraph 14 supra, will be
. S R an incentive to the completion of these tables on comprehensive lines, for which
there has not vet heen time. It is by no means easy either to collect or

tabulate the results in such a way that they will he of practical use, as most
power users do not know anything of horse'-power. (See Appendix IV). It
is however desirable that some approximatlon should be known as to the
' ‘ amount and nature of the power used overt areas of reasonable size, such as
- districts or sub-divisions of districts. Reference to the permissible cost of

o ' B B : . hydro-clectric schemes in par:mmph 7S will show that it depends on their position

with recard to power requirements, the cost of fuel at present used, and the
) «Joad factor,” which term is there explained in non-technical language. The
census of power should therefore give, for cach.nrea,.’clm installed horse-power
) subdivided under water power, steam power, oll engines, gas engines (if there
are any such) ; the averawe cost at site of the coal or oil used as fuel, and
where it comes from ; and (in very oeneral terms) the purpose for which the
power is used and the ordinary hours and‘duys per annum ot'-.\\'orking. If
a project 1s likely to materizlize all ‘thss:\, figures are 'essen_tlal in order that
its prospecis may e cauzed.  The first step 1 a detmlc-d investization is to
draw up probable load curves of the completed scheme in order to see what

Table 7.— Probable water-power of India, so far as determined.
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plant and transmission lines are required. It is suggested that the final tables
-shall be drawn up in the following manner :—

Province District. o ~ Boundaries of

district approximately, by sketch map or otherwise

i
Water ! Steam
Power | Power

Oil Electric | Averase Working
Power Power ! period.

i - —_ ———

. i ;

Lo p b k.opo 3 boheop. b L. p Days Hours
! jer wr

year. day.

b

Pumping plant.

Agricuitural
p-ant.

Textile machi-
nery in facto-
Ties.

Machinery  in
enginecering
WOrks.

Other factory | ! ?
plant. i ' |

Isolated plants. |

Source and averaze cost per ton in district. Coal Rs.
S 1 !
Bulk oil Ry,

By water power, steam power, ete., is meant the direet driving of plant by
turbines or engines, not through eleetricity. By electric power is meant both
where the concern has its own plant or where it takes a supply from a power
concern.

It is suggested that Directors of Industries, who have supplied the duata
already included in this Report, should he asked to colleet the full data for
the Census on these lines, and then to have them analysed and put into form
by a mechanical or electrical engineer accustomed to the vagaries inherent in
the returns as received.  The papers already in hand can be returned for this
purpose.

32. Rainfall records ond Map.—(Sce Chapter 2). From the records of the
Meteorological Department of the Government of India a small scale map,
showing average annual rainfall contours, has been published. The Railway
and Canal map of Tndia, on the scale of 32 miles to the inch, is also con-
toured in the same way, with the help of such additional records as the
Irrigation Department possesses.  Unfortunately these records fail to cover
in detail many areas whichare out of the orbit of irrigation works and obser-
vers, and which nevertheless way prove of  great importance to the hydro-
electric survey.  For here it is the detailed rainfall contours over a definite,
and! perhaps small, catchment area  that  are  required, rather than the

eeneral lines of the continent.  In come cases there mayv not he a gingle
recording  station  within such o catchment. Where a suflicient number
of observations exist the rainfall contours ean be filled in from these by follow-
ing approximately the geographical contowrs, as  this is found to give
the most probable results.  They may however he very far from the actual
truth over small arcas. Thus, on the scaward edge of the Western Ghats,
the existing maps show a series of contours, at closer intervals as they
l»rwced, from 30 inches up to 100 inches at the edge ; and 150 inches on the
seaward plains. It is however well known that in parts the annnal fall
amounts to 200 and even 250 inches.  Any ¢liff exposed to the moisture laden
monsoon currents is certain to arrest them and direet them upwards, and thus
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to cause very heavy local precipitation. The cliffs helow Cherrapuniji are
an even better example than the Western Ghats, and there may well he other
similar places of which no records exist at all.

There are however hundreds of places in India where rainfall rocords have
heen kept regularly for many yecars, and yet never used except by those who
keep them. Thus every tea garden, every coffec or cinchona 1)15111tati011, has
its raingauge and book of records, and these will to a considerable extent he
found in the hills that may prove to be likely catchments. It may be objected
that the gauges are not of a standard pattern always; it is quité Iikelj, but
a possible 10% error is surely better than an estimate based on the curve
connecting two stations many miles away. If the same cauge has heen used
its readings, and the whole of its records, could be corrected by expert com-
parison with a standard gauge. For that matter, standard gauges are oceca-
sionally seen placed so that trees partially screen them, and ereat difficulty
is always found in obtaining reliablie observers. A number of non-official records
have already been collected in the office of the Survey.

It is therefore suggested that a large number of additional standard rain
gauges skall be obtained and placed in catchments which offer good promise
of power. If the localities are such that regular daily observations are
impossible the next hest expedient is to have gauges that ean be read at loneer
intervals, or self-recording gauges if these ave obtainable. It mav he observed
that the Japanese Government proposes to fix no less than 166 new rain gauge
or meteorological stations in the islands for the hydro-clectric survey. o

Secondly, enquiry should be made through Distriet Officers regﬁrding every
private rain gauge of which the records have been kept, and copies of these
records should be obtained for the whole period for which they have heen
maintained. The collating of these records together with those of the official
stations will take a considerable time and must be carried out hy a trained
specialist. 'The Director-General of Observatories will no doubt be able to
advise as to the hest method of procedure.  Here it is suflicient to point out
that the present records are insuflicient and that more are urgently required.
The rainfall map to be prepared from the official, private and new records
should be plotted for each degree sheet of the Atlas of India on the secale
of + miles to the inch or thereabout. s more data are acquired it should he
corrected and hrought up to date.  The reconnaissances to be undertaken will
show the catchments in which new gauges are more particularly required.

33. Discharges and run-offs.—(See paragraph 9).  Except where required
for irrigatien projects practically nothing has hitherto been done to obtain the
normal, minimum and tlood discharges of rivers and streams in India.  Still less
is the run-off under various conditions Known. The staff available for such
work ix exceedinely limited ; the area In one engineer's charge is often very
larze ; and the localities where observations are required are generally far apal:t
and frequently difficult of access. It has already been pointed out that long
continued observations are necessary, although those made in a single exeep-
tionally dry year may he very valuable.  The past season has been such a one
in many parts of India, and suggestions were made hefore this enquiry hegan
to take advantaze of it; hut shortage of stall owing to the war, combined
with other factors, prevented their adoption.  Had this work heen put in hand
at the time of the first enquiry in 1905 animymense mass of invaluable informa-
tion would have been collected by now.  As it is the Lists of Sites show that
nothing whatever is known in the great majority of' cases. The Report of the
anam‘;o hydro-electrie survey shows that B20 new gauging stations are being
established in those islands. ‘

As in the case of rainfall, o here the question of accuracy comes to the
fore. The whole principle on wln'qh the most approved discharges of streams
are calculated is based 1Nee Appendix IT) on Bazin’s experiments on trapezoig=-
al channels.  The coefficients given are probably the best obtainable, hut WIREC! " -
applicd to the hed of a hill stream near its minimum discharge they ave RICTE—
nppro.\:inmti(ms even in the hands of a skilled observer. Results worked out at

two places slightly differing in character—-probably neither of them: ealAEQ it

able although the best that nature has provided—will often differ as muel as
10 per cent., although in canals and other * trapezoidal channels?’ dleistenf,
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results are ohtained.  Considerations of this nature led the late Chief Engineer
of thix Survey, himsell a most experienced observer, to write the Elementary
Note " now reprinted in Appendix I, in which those unaccustomed to take dis-
charges areasked to determine the cross-sectional area of the channel and the
central surface velocity and todivide the produet by 2 in every ease. Such a
method, which could be put in practice by any amateur, would give results of
infinite value as compared with our present blank ienorance. Tt is for consider-
ation, in view of the importanee of the problem and the urgeney of its solution,
whether during the next few years it would not e possible to employ selected
students from the local engineering colleses on this work, under P. W. D.
supervision, during the two or three  driest weeks hefore the monsoon
breaks or the snows hecin to mielt, as the case may beo It the matter is left
to the ordinary agzeney of the Public. Works Department the  results will
assuredly be more accurate, hut they will take miany more years to collect.
Bearing in mind the fact that Bazin's coeflicients are not based on ex-
periments on streams of the nature wl'«:rr«-d to, it will be most valuable if
any officer with the necessary experience, stationed where a suitable hill
stream exists, could make some carelul experiments, 1t is sugeested that
a weir should Le built trom which fairly exact canvines of the actual flow
can be obtained. Then, in the reaches above or below the weir, a number
of suitable reaches free trom pools should be selected, as uniform as can
be found.  The type of bhed veferred to will cenerally have a hvdraulic mean
depth of unity or less, during low water at least, and the voushest of heds,
with disecharees of 10 to 100 cusees.  Crorsesections will then be taken and
mean cross-sections plotted in the usual way.  The existing cocflicients are
nominally at least based on the maximunm central veloeity 5 hut it s suseested
that in investicatine the matter bhoth this and also the mean \'clncil_v‘ from
a number of observations at various parts of the channel shiould he observed.
Doing this at several diffevent places with difterent characters will probably
enable arbitrary cocfficients to he worked out applicable either to the maxi-
mum or mean velocity.,  In selecting the reaches very little labour will
often suffice to even up the width of very small streams and to cheek back
flow. Still wates will generally exist in places, but at least coeflicients worked
out from definite measurements ave likely to be less inaceurate than the
hest now published.

Normal and maximum flood discharges can probably be Letter determined
by means of self-recording gaugzes, and a dozen of these were ordered by the late
Chief Engineer as a start and have been distributed. The type selected was the
Stevens Water Stage Recorder, with time seale one-tenth of an ineh 1o 30
minutes and zawze height scale one-sinth, e, 2 inches of pencil movement cor-
responds to one foot of float movement. The time-seale is ESinches to 2+ hours
and the roll of record paper is 25 vards long, thas lastine 6 months, . The Hon'ble
Mr. W Howley, Chief Engineer, Madras, has alvo ordered some other tvpes of
the same instrament for his own experimental purposes, and  information will
be available rezarding these later on. Larly steps shorld b taken to order any
recorders requived for wert scason’s work, ‘

3t. Reconnaissance of Sites.  In order to ohviate unnecessary work in other
directions the first thing required is a general reconnaissanee of all the possible
sites already brought to notice, or (o which wtention may be called after the
publication of this Report, so as to eliminate those whick are cortainly worthless
at present. Nome will be found useless for all time, either heeanse the natural
discharze, or the possible discharze trom reservoirs (capable of heing filled), is
too small; or because a ~uitable head, having rewod to this discharze, cannot
be developed.  Other sites will bewritten off for 1w time heing hecause  there
are better ones in the neichbourhood, or hecause the cost of their development
cannot at present compete with fucl-developed power in the district. Yet
another class may prove so remote from  power wsers at present as to be
apparently worthless for that reason; hut here reconnaissance is needed as sucha
source nmay in the end prove valuable tor special work not dependant on existing
industries.  \lthoneh the ¢og” of conununications to such a site might be very
large it has seldom proved a bar to development i there are sufficient mineral
possibilities at the farend. (See paragraph 17).

late Chief Engineer, the

Cuar. VIL] FUTURE WORK OF THE HYDRO-ELECTRIC SURVEY. 53

It is sugaested that an effort should he made to carry the reconnaissance of
sites as far as possible during the coming season.  To this end it is suggested
that there should be placed on special duty (a) Irrigation engincers for sites
where reservoirs may be required, or where ivrigation from the tail waters may
he involved. () Mechanical or eleetrical engincers, acquainted with water
power development, for other sites, In this connection the suggestion may be
thrown out that Government Electrical Engineers may be made more use of.
From an inside knowledge of the work_ on .which they are for_thc most part
employed it is clear that this woul.d offer a far bett.m' field for their energies for
atime ; and they are trained engineers. The assistance already acknowledged
from this source in onc provinee was great ; and there are other officers who have
been actually engaged in the construction of hydro-clectric works. Again it
may be possible, if early action 1is t_akcn,”to secure _t‘hc services of suitable
enginecrs from the officers and men of the Territorial Forces who will soon he
demobilized. Ttis almost eertain that there are some among themx who are
engineers by profession and who have prospected for water power clsewhere ;
infecd applicn&w have alrcady Deen received from some.

35. Surcey of Sites-—Reference has already been made to the assistance
which it is hoped that the Surveyor-General of India may be able to give, in the
matter of continuing the topographical survey to districts at present unsurveyed
in detail and of revising old non-contoured maps. It will he necessary to sce
that there is no overlapping here, as clearly the work done inthis way will
obviate similar general work Dy other agencies. On the cher .han'd,‘ the
specific survey of known sitcs_is rz}ther an engineering maiter, dealing with hpnt?d
parts of a small area, and this will no doubt he undertaken by survey parties in
each province, after reconnalssance has proved whetl%or the site is worth it.
The following instruments were ordered by Mr. Barlow from f!l(? Mathematical
Instrument Office, on the 3lst January 1919, to reach India by September

1919, riz. = —

Tacheometrie Plane Tables, 287 x 227 with outfits . . 9
Levels, reflecting Abueys, Steward's pattern, in sling leather case 0
Barometers, 'Aneroid, 13" diameter, Lronzed, survevor's reading 0

between 257 and 317 and from 0 {0 6,000 feot, in sling leather

case. . .
Levels, Ziess, Watts pattern, No. 1, complete with stand in box 97

In addition, the Officer-in-Charge, Mathematical Instrument Cffice, was

advised that the following articles would he required from stock, viz. : —
Levelling staffs, Sopworth . . . . . . . :)2
100 foot tapes. . . . . . . . . ,:4
Moasuring chains, 100 foot. . . . . . . 57

The numbers in the above list were bhased on an oslinmt’o_ of what would he
needed in cach provinee; it scems probable, h:.),wo\'f'r, that a far areater numb'cr
of survevor's aneroid harometers (1):11‘21;;‘1‘:‘11)]1 ]..;) will he .1'oqmrc.d for reconnals-
sanee work duringe the next year or twao, mclu(l}n;;' some i.m' use t:ho Hmmlaf\‘as
reading to 10,000 feef, and a hu'ih;'r 20 have since been indented for.  Applica-

i \ »made for any needed.

ton 'sl!::):lilecl)t(, from the data so far colleeted, .tho. sites whiceh should l{o dealt
On the one hand it is clear that those situated
where an carly demand for power is' lik.vly to 'arisc should rcgci\'v preference
but there are few places at present of which this can he definitely stated.  On
the other hand, the fact that spocyll industries on a large seale nay he croa((td
where power can be cheaply nl»t:unm} must not he overlooked.  Cheap pawer is
the text of the articles on the (‘hgmujnl and l\lct(ull‘m,':.;xcal _Industrurs in the
Indian Munitions Board ¢ Ix_ndustrml ll:ul_(lb.ook .lJlJ. It is th.grc stated il{at
« Agan index to the price of eneray perassible it may be 1'1‘11.‘1.111(»110(1 t}mt for
calcium carbide it should not exceed 0°10 anna pur)umt or £3 ()f‘) per ]\’ll()}\'iltt
vear and for aluminium £5 per kw. year.” (l.:lg'(' 131).  Elsewhere it is
hointed out that in North Ameriea :tm'l bL‘{lll(ll}li)\'l.‘l cnrr«'nf .L'il]l be generated
}rom water power at 0005 anna per unit. It will be long hefore any new works,

with first is no casy matter.

ces, can read we floures.
der present prices, ¢an reac h these figur ' |
- II{ the opilninn of the writer, backed in those cases discussed hy that of the
following list represents the linesupon whick the
12
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work may best proceed in the various provinees, according to the lists of sites in
the Appendixes.

Assam.— General reconnaissance of the Whasia, Jaintia and Garo Hills
coupled with specific survey of the Cherrapunji plateau for reservoir sites,
The possible electritication of the Pandu Shillong Railway  should be borne in
mind.

General reconnaissance of the Jatinga and Ka Yeng Rivers and of the
Maibang Valley, coupled with specific survey of the most promising of these.
Other things being equal, the two former are a good deal nearer the tea
districts of Nilchar and Sylhet, but a matter of 30 miles is not of great
importance.

Bengal.— Survey of the group of Darjecling streams above the Great
Rungit, to ascertain the best of a score of competing sites.

Survey of the upper reaches of the Jaldaka River and tributaries on the
British side, coupled with further examination of the problem of clectrifying
the Duars tea factories.

Survey of the Tista River,

Bilior and Orissa—\ ceneral reconnaissance of sites i:'(‘gvmi:l] betore it
is possible to say which are worth survev.  Meantime however the Burhaba-
long, Sankh and Subarnarika Rivers are almost certainly worth careful investi-
gation and survev.

Bomhay. —Within the arca of the Tata group of schenps it is unnecessary
at present to do further work.  The Kalinadi Liver and the Sharavarti at
Gersoppa are clearly indicated for detailed examination and sarvey,

Buria.—Practically nothing detinite is known of the majority of sites in
this province, and until further information i~ collected it is ditlicult to sugrest
where to start. Ttappears worth while making a definite survey for reservoir
sites above the Anisakan Falls, for Mayvmyo needs s and it sites are found the
existing scheme should be overhanled completely <o as to make full use of the
small power possibilities.  The Heho falls have already been partly surveved,
and it is certainly worth while completing the work with o view to the exten-
sion of the railway and the electrification of it~ hill sections. A demand for
other power seems probable,

Bevond these the followine rivers merit reconnsissance as beine  the ones
of which some information is already known : the Bernard Mvo, Konwet and
Kin Chaung in the Mosok distriet; the Yetacon falls and Myitnee in the
Mandalay region; the Mindon Chaunge in Thayetmyo district 3 the Nam k¢,
Panlaung and Zawgvi within transmission distance of Kvaukse and Mandalav
the Namma and the Shweli, either of which may he c;q:uhlv of ereat pm\;‘r
the latter having been stated as worth 300,000 L. poo o the Nittang :m«i
Thaukyeeat in the Tounzoo area; the Tavoy district cenerally, as there is a
power demand there. Three of the lareest swzwested sources are omitted so
far. .\_lle'g(*.:lnwllnt of work has already heen dowe in conneetion with the
harnessine of the I'rra\\':uh.ly rapids, and tigs showld bhe carvied forward to the
stace where it ix possible to Judge what power is available and about at what
cost, not in great detail at present hut on broad lines,  The Kanti falls (:x\
the Chindwin and the Hatevi rapids on the Salween are also worth ]n'«h]u‘vt»in"
even thouzh they are out of reach of present needs, as they man prove to h:u-':‘
great possibilities.  The Yunzalin near Papun is also promisine,

Central Prorinces and Berar.—Here awain it is not ensy to choose between
innumerable projects recarding few of which anythine definite s known
Larly reconnaissance of all the sites will cnabile some to e climinated :uui
others chosen for detailed work.  The Balasrhat avea is the most likelv to
require power and within reach of it the Nahara and Ushal Rivers seem to
offer the most promise; examination wWill show if either s worth  detailed
survey. ‘The many streams and veservoir sites in the Melehat arcea and on the
Chikalda plateaw should provide some good sites, and these should e examined
aud if necessary .\'llx‘\'c"\'c‘«'l. The aroup of schonies "m”l”'i“'(l in the = Silewani
Ghat project 7 shonld be examined in detail, togzether with the Kanhan River
as both are within reah of Naepur which can absorh ol cheap power. '““’.
Bina River in Sauvor District ; the Chornai “i\'(‘l‘; the (:hitr;,]\",( Falls on the
Indravati as well as the Marble Rocks on the Nerbudda, near Jubbulpore, also
merit full investization.
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Vadras.—The Periyar project will soon, it is hoped, emerge from the stage
of prolonged investigation into realization. The whole Nilgiri area merits
further examination including the Kundah River, Karteri and Coonoor. scheme,
Pvkara and Siruvani Rivers. It is und(jrstood from the newspapers that
definite proposals have been made 1'05_;:&1‘(11:1;; the development of the Kundah
River, which is probably the best site of all these; if so the 1'.cmamde_r can
wait. The Anamalai Hills, including the Aliyar River, and the bu'um‘alal Hills
should also be prospected and, if the result is favourable, surveyed. The Mach-
kund River in Vizagapatam District appears likely to have great power, which
may soon e neededd for the harbour developments. . .

North- West Frontier Province—If power is required here the Kashmir
Durbar can provide it from works already in existence on the Jhelum. 1t is
doubtful if it is worth while to investigate further sites in view of the peculiar
condllt’:g?j:b.——The project for utilizing the power of the Sutlej near the Bhakra
dam site is the first that claims attention. Without endorsing all the state-
ments in the paper on this subject, referred to in the List of Sites, Punjab, it
clearly merits further investigation and the drawing up -qf‘cargful estimates.
It apfmars to he clear that the sc}}eme can in no way x.ntelif-xf: with the irriga-
tion dam project, and, if that 1s so, it shou}d reccive every el}couragement,
Once the dam is huilt it will be difficult if not 1mposs1ble. to 1ﬁake fhc tunnel
without emptying the reservoir, m}d a really co‘m!)re}}en‘swe sC (ime h 1(1)1 supply-
ing cheap power to the province will be lost. For thllsdl fﬁsop 2 stq" e tunnel,
if built, should be of the full capacity required. Shou the 11;1\l es l.aatxon prove
satisfactory it becomes a question of the demam} for po'\? er h\\‘l l in 1$\ach. As a
« Jemonstration plant”’ with good chanc)es of s’uc'c_ebsht e late Mr. DBarlow
considered this one most favourable. Probably if the tunnel and diverting

weir were constructed by Government a company would come forward to

develop the power. o .
‘ Tl[:ero a}'c also the many known canal falls m the provinee, and exact

information exists regarding them. If it is known that they are available for
development, on easy terms, it scems prohqble that companies may come forwgrd.

Apart from the above, the whole IHimalayan area requires prospecting,
including the Kulu rivers and Sutlej tributaries ; and the Haro and Jablat
Rivers, as to which enquries have already been made by a firm, should be
examined and, if found zood, surveyed. ‘ N

United Procinces.—Certain reaches of the Jumna have already been fully
examined and their development may be hoped for. - The canal falls are mostly
of small power, but their value iy also deh_nltely known, Beyond these the
Himalavan rivers generally require prospecting and of these the Alaknanda, the
Bhaeirathi, the Bakher and Belan Nadis, the Nayar and the Sardah seem the
most promising. The Karamnasa and Chandrapraba schemes in  Benares
State also merit detailed examination.

36. Training in Hydro-Electric Engincering.—So far as is known the
question of training engineers in Indian Colleges in the specialized work of
water power bhas not lqthcrto been ‘ fcaken up scrlously.. The impression
prevails that water power is a branch of irrigetion work which can bp tal.{en
for granted, but this is not so, although these two branches of engineering
run on parallel lines so far as low falls and rescrvolrs arc concerned.  The
clectrical part of the .problom of \\'z}ter- power is again quite sepa'rate, for
it will be seen that this llcl}ort cpntmns lnu‘flly a word ;}l)ogt cl(:ctr1_01ty from
start to finish.  The essentials for an englneer who. is Investigating water
power sites are that he shall have a sound knowledge of mechanlqal and _hydl‘au-
lic enginecring, for power prpblcms (;auxlqt be dealt with satisfactorily and
thoroughly except by an enginecr trained in power problm.us.. (

This matter has been receiving attention in GrcaE Brltgun, as the folloxym
extract from the Seeond Report.oi the Water Power Committee of the.Con_]oint
Board of Scientific Nocietics will shpw. I_t shoulgl also be taken up in India,
where at Prcscntb{hcre arc comparatively few engincers trained to deal with

ater power problems. ' ‘ )
W ate}‘ I},‘,mihﬂ in  Liydro-Electric Lngincering.—In view of the great
developments 11 hydro-clectric ¢ngincering which are inevitable throughout
the Empire during the coming decade, it would appear to be of the greatest
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importance that the engineers of (ireat Britain should be prepared to take a
commensurate part in such development. In  the past large scale hydro-
electric engineering has heen contined very largely to Canadian, American,
or Continental engincers and corporations, and unless some definite and carly
endeavour is made in this country to make up the leeway, it is probable
that the bulk of the Empire’s future water-power will he developed outside
the country.

“ While there is some indication that strong financial and manufacturing
intercsts are now considering such developments, the Committee would draw
attention to the lack of facilitics in our Universities for giving the nccessary
specialized scientific training to the young engincer wishing to cnter this field
of engineering.

“ The Committee would emphasize the fact that an adequate supply of
suitably trained enginecrs Is essential to the attainment and maintenance of
such a position in the hydvo-cleetric world as is commensurate with the
importance and capacity of the British Engincering Industry. It attaches
great importance to the early provision of training facilities of such astandard
as those, for example, at Cornell University, in one or more of the Enginecring
schools in this country, and would recommend that its views in this matter
be brought to the notice of the Minister of Education and of the Secrctary
for Scotland. ”

37. Conclusion.—It has been the endeavour of the Compiler of this Prelimi-
nary Report to collect and arrange in logical order all the relevant information
regarding the Water Power Resources of India which is available; to explain
in non-techuical language the various branches of the subject; and to lay down,
in this final chapter, a tentative programune of work that will lead to the suc-
cessful conclusion of the investigation now begun.  While this work is being
carried out the interlaced question of industries is in strong hauds, and the
combination of power and industries is essential to the prosperity of both. At
the present time, while prices are hizh on the one hand, exchange is tavourable
for the import of plant on the other.  There will however be keen competitors
in the market for orders, and the British manufacturers ol pipes, turbines,
generators and switchzear must see to it that they are not left stranded.
Hitherto they have been content to take the small orders and to let the large
ones go to countrigs that have specialized in water power. It has even been
asserted that engineers from abroad are essential to the proper erection of plants
when received. It is high time that these fallacies should be disproved, and
His Majesty’s Trade Commissioner in India has this matter in hand.

To have acknowledged the source of every item of information in this
Report would have increased its volume without adding much to its utility.
The thanks of the Compiler are due to all and sundry who have assisted ;
particularly to Chief Engincers of the Public Works Departments and their
Superintending and Executive Engincers; to Conservators of Forests and their
Assistants; and to officers of the Munitions and Indastries Departments.
Above all acknowledgments are due to the late Mr. G. L. Barlow, C.LE.,
whose untiring energy stimulated others to give their seant leisure to this work,
which an unkind fate did not allow him to complete,

JoWo MEAREN,
Simla, 29th May, 1919.

APPENDIX I

notes by the late Mr. &. T. Barlow, C.LE., Chief Engineer, dated
Elemze;::';mh 1919, on the Preliminary Investigation of Water Power Sites

tor Electrical Parposes. A

1. Object of the invgeligah‘on.——'[‘he chief‘ sources of energy'whjch are at
resent known are coal, oil and water power. The two former are easily handled

and transported, and in most places are more convenient and cheaper than water
yower, but their supply is limited, and t'he.n-' cost must sooner or later increase.
A knowledge of the water power potentialities of the country is therefore of the
greatest importance, not only in the conservation of energy, but also in the
economic dC\‘clol)mcnt-'Of tl}e country. ‘

At present very little is known about the water power resources of India
and Burma, because they mostly lie in the hills and jungles which are sparsely
inhabited, and rarcly visited by any officials ; only rough survey maps exist of

; parts.
Dmn.\T}:gl(t)bjcct of the preliminary investigation is therefore to locate the
favourable areas and sites, to ascertain the discharges of the perennial rivers,
and to collect other information through the Local Oﬂiccg‘s, which wlll_ enahle
detailed surveys to he carried out expeditiously by a special staff during the
», Y Al .
cold "I“l(nit}::liioct of the survey is nof to prepare estimates for town lighting and
electric fans, hut to obtain details regarding favourable sites that can be made
of general use to the Pu.hllc. These .detalls \\jxll show where z'md apprgxxmat?ly
how much power is available, and will also give other useful information which
will enable any Company that requires power to know where and how to set to
work to prepare the detailed plans. o

To discover the localities of all the existing water power resources of the
country is desirable whether a dtﬁl'nand. for power _exmts at present or not. The
most unlikely places to-day may in a few years’ time be the centres of Industrial,
Agricultuml or Mining I‘IL.'fl\'lty. India al}d'Burm:} are immense countries, but
even though this is so, if’ intelligent and willing assistance is given by the Local
Officers it will he possible to eliminate the useless arcas, and to concentrate
the survey work in the promising localities.

2. Definitions of technical terms, elc. . .

(@) A typical Iydro-Llectric Scheme consists of a perennial river or of a .
reservoir or hoth for the supply of the water ; this water, except
where a natural fall alrcady exists, is diverted into a separate
channel by means of weirs or regulators, and is then run in an
open channel along the hill side at an easy slope, or in a tunnel
through the hill, till a suitable site has been reached for running
the water down the hill slopes and obtaining the requisite fall
for power purposes. The water is then run down the hill
side in steel pipes to the power house which is situated at the
hottom of the hill above the High Flood Level, and finally the
water is escaped back into river ; sometimes the wateris diverted
through a watershed into afother river.  From the power house
transmission lines are constructed to convey the current to the
factory or to other consumers. In the preliminary investigation
only the details regarding the supply of the waler and the lheight
of the fall are required though details regarding other relevant
points will he welcomed. .

(b)) A Cusec means a cubic foot per second.*

(¢) Head.—=The vertical difference in level (in fect) .e., the height of the

’ fall etween the inlet and outflow of water used for power purposes
is called the Jlead. In all preliminary works it is sufficient to note
the actual head available.

0\'(.1-; '1‘]7.(‘ wnall water driven flour mills, found in the Himalayas, take from 3 to 4 cusecs. J. W. M.
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(d) For water power purposes the “ fall  means the difference in height
between the level of the water where it will he taken from the
stream and that at the place where it will be returned to the
stream and it may be made hy :—

(1) a vertical drop in a riveror canal,

(#7) a series of rapids making, in a short reach of one or two miles of a
river, a total fall of so many feet, or

(ifi) anartificial fall which can be made in a reach of, say 4 or 5 miles,
in a river with a sfeep slope, by taking oftf the water and running
it along the hill side at a gentle slope, or in a tunnel through
the hill to another valley ; and then, at a suitable place, running
it down the hill sides back into the same or into another river
bed.

For power purpeses 7) and (¢7) are merely superior to (id) hecause the
leneth of tlume or open channel to the entrance of the pipe line is cheaper, and
more convenient for rezulation purposes,

(¢) Storage reservoirs are natural or artificial collections of water situated
above the fadly which are commonly called tanks or lakes.  The
water ix collected during the monsoon periods or at other times
when there is excess water, and is used forirrication or power
purposes, or for both.,  These 1‘n‘>('l'\'(ril‘.~', which must he ('ulhtl‘\l('((‘(l
above the fall, provide the necessary discharee in period of low
supply in the river; and also colleet the water which is rimning in
the river when the water power plant is closed down, or when
irrization is not required.

() When it is tound that a stream dreies up or falls very low for a short
period betore the Lreak of the vains, then in order to maintain o
constant power, some storage must he provided,

() One cusee running constantly thronghout the year is equivalent to
S0 million cubic feet of storaze, but allowaner has to he made
for evaporation and pereolation losses, ~o that to obtain the
equivalent of that constant discharse a storage of 35 million cubie
feet should be provided.  For one month the storaze necessary
may be assumed at 3 million cubic feet and for one dav 100,000
cubie teet, ’

(h) The Catehment area of a stream at any point is the avea drainine into
the stream at that point.

(i). I'Ija{e)jsvlletl i..s' the Vl)uund;n'y line hetween two catehment areas.

(/) The Electrical Iorse Poweir that can be generated will beapproxime-

CCuaes x Head o fee Cusecs X Head in feet
ately n o or= - v when expressed in

Kilowatls instead of Horse power.

3. Sites suitalble for producing power.-- Navicable or tidal rivers or waters
are useless for water power purposes, heeatse the cos of development is very
great, and the power "]"m”““l s small. The power available depends on the
product of the tall obtainable and the minimum discharze that can be relied on at
the driest time of the year. .\ navicable river may have a large diseliaree but the
slope of the river bed will be extremely small, and ina reach of '+ or 5 miles it will
Le tipossible to produce more tham o few feet of artiticial fall.  The product of
the discharze multiplied by the fall will therefore he siall while the cost of
harnessing the river, and the cost of the other works will he very wreat. Ope
thousand cuseos falling 5 feet will give the same power as 5 cusees falline 1.000
feet, and it will be readily understood that the cost of develapine the Ltter )\\ill
be far less than that of the former.  The hest sites are therefore simall discharees
with biz falls; say 50 to 200 cusees falling 100 to 2,000 feet, but medium discharg-
es of say 200 to 500 cusees falling medinm heights say 100 (o 100 feet are also
good, while larve discharges (say anything above 1,000 cusees) falline small
heights of say 5 to 50 feet are expensive in construetion, and theyefore poor if
anything better is available.

From this it follows that the hest sites are cenerally those found in hillv
country and on the tributaries of the larze vivers, and that the power sites avail-
able in the large rivers themselves and on canals are seldom really favourable.

~L
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The ideal site is one where several small snow or spring fed streams collect
in a high level valley above the fall, and then drop many hundred fect in a short
length of the stream into a lower valley, where sound rock suitable for a dam is
found at the cxit of the upper valley ; where the run off from the catchment
area will be sufficient to provide the necessary storage; and where the valley
is flat and uncultivated, which will enable additional storage to be collected by
means of a low dam, without destroying cultivation.

All these conditions seldom exist in one place and one has generally to he
content with a stream the discharge from which disappears for a couple of
months before the rains, or with an indifferent storage site where the valley has
a quick slope, and a high dam will be required to store much water, or where
the rock is poor, or submergence will necessitate the removal of villages and
the payment of heavy compensation for the loss of cultivation, and so on.

In the preliminary investigation however there is no necessity to give great
consideration to all these points, it will he sufficient to find a perennial or
nearly perennial stream where there is a good fall.  The details of the storage
site can best be left for expert survey work later on.

Any site is worth considering where the product of the minimum discharge
in cubic fect per second multiplied by the height of the fall in feet is not less
than 16,000, Anything less than this is tco small for industrial purposes
though it may bhe of use for town supply.

L. For preliminary reconnaissance an Anervid Barometer to mcasure
heights, a watch with seconds hand, and a tape measure or a 10 foot rod are
all the instruments nececssary.

The points to note are :—

(a) Approximate discharge and Iead available.

(0) River and site on river, by reference to the 1”7 maps or by latitude and
longitude.

(¢) Accessibility, i.e., how to get tothe site, and nearest road, rail or river
communications.

(d) General remarks (when known) on the height that the high flood
water rises, whether a storage reservoir appears possible, nature
of the country, greological formation, difficultics, market for power
and any other points of interest which may affect the cost, con-
struction, or upkeep of the works.

Where it is impossible to observe an acturate discharge, or where the
correct methods and co-efficients to be cmployed are unknown, the following
very approximate method may be adopted :—

Select a straight reach of the stream where the flow is uniform and where
there are no marked pools, and mark off with pegs any convenient length of
fairly uniform width. Then measure as accurately as possible the width of the
stream, and find the acerage depth by soundings at intervals across the stream.
Then throw into the centre of the stream a small stick and note the time it
takes to pass along the marked length ; repeat this £ or 5 times to eliminate
errors. 'Then the run in length in feet divided by the average time in scconds
cives the velocity on the surface.  Then the cross-sectional arca in square feet
multiplied hy the surface veloeity in feet per second and divided by two will
give the approxiwmate discharge in cubic fegt per second.

For instance, suppose the length marked oft is 100 feet and the floats take
an average time of 30 scconds in passing along this length in a stream having
a width of £0 feet and an average depth of 1} feet.  This gives a cross-scetional
arca of 60 square feet.  The surface velocity will then be 2 feet a second and
the discharge 2 asomt >y Ssue b — 60 cusecs.

5. A careful study of the largest maps which are available will be found
of ereat assistance in all reconnaissance work. In dense jungle or rough
country it is frequently impossible to follow up the course of a strcam, and
unless the maps are carefully studied it may easily happen that a useful fall or
reservoir site is missed. The 1”"=1 mile contoured maps are

a promising e 13
d the £"=1 mile Forest surveys are even better.

excellent an
K
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Atew exanmples ave siven below to indicate the kind of information which

can be obtained from maps -

() A tlat or asteep valley or hill side is shown by the distance between
th'v contour lines.  The closer the lines are the steeper the country
will be found.

(h) Tln_‘ distance between any two contour lines. which cross a stream
will wive the fall in that reach. '

) _\!»wnn- ol village sites and roads or pathways denotes wild or uncul-
tivated country, .

() Numerous habitations on the hill slopes or in a valley in hilly
country denote cultivation, and generally springs or pvrv;mial water
i the streams. ’ -

(vy W '_h'n the discharge of a stream is known at a certain point, an idea
ol the discharge at ano her site can generally be guessed by a com-

' parison of the catchment areas at the two |»|.:u-o-.~. )

(/7 By astudy of the nature of the valleys and the hill sides, a fair idea
catn be obtained of the general nature of the country, and its possi
bilities with veference td reservoir sites, slopes of the stream, and
places where ancartiticial fall tor power purposes ean be found.

() When o stream makes a long hair-pin bend, it is frequently  possible
to obtain a good fall by diverting the water in a tunnel weross the
neek of the hend. Several miles of a river can sometimes in this
manner be replaced by ashort cat diversion of o few furlongs.

(/) Sometimes the slopes on one side of a water-shed are very steep,
while on the far side they are gentle s when this happens it may bhe
possible to form a reservoir and divert the water through the hill,
and by this means obtain a most useful artificial fall.

Addendum to elementary note.

Useful Hydraulic Data (in round numbers cenerally).
Lloe.

1 cubic foot per second = 624 Ihs, per second,

60 cubic feet per minute = 8,741 Ihs. per minute,

= 37t gallons per minute,

3,600 cubie feet per hour,

6,100 cubic teet per day,

2-6 million cubic feet per month,

— 31} million cubic feet per year,

1 cusee low

]

I

Leguloting storage.
100,000 cubie feet stored will eanve 116 cusees tor 24 hours.

9 9
v ” ’? ” | ) ”» 12 v
1 .
*s I3} 3 I '_. . . )
! .
'., » v » ',l » " 3 "
. 2%
. ' Iy 1) -t ' " ] "

Min storage.
315 mthon cubie feet stored s cqpuvalent 1o 1 cusee for aovear ;s but owiny

to evaporation and percolation more storaze would actuadly be vequired. I
tound Houres: ° ) '

Loonithion cabie feet stored will give 300 casees continuonsly for a vear

X 13 13} ) I”

' » ” » 3 months,
I N i) " 60 " " ,, b
i bR}
3 I3 sy 2] ]-:“ vy )’y , :; ’
A ’
Liserroirs.
Lacre = (35,360 square teet,
Facre of water oot deep = 13560 cubie feer,
squanre miile = G0 weres — 275s nillion stprire fie
] sSptre lllilc' uf waiteln | "0 TN i1 . - : .
! wer Foot deep 27 mthion cabie feet, which will

tin practice) wive acflow of about [ cusee tor 12 onths, or a little
over 3 cusees for 3 months,
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Catehments.
1 snch of rain = 100 tons or 2,610 cubic feet per acre. = 61,000 tons or
2-33 million cubic feet per square mile. '
In practice, however, only a percentage, and often a small percentage will
reach the reservoir ; see paragraph 9.

Pouwcer from flow. . ,
. K this r o Cubiie feet flow x Lead 1 feet
On the pmotleal hasis assumed throughout this report ===, -

= electrical horse power. o
If 15 is the divisor, the result 1s in kilowatts.

Power from storage. - e
. Thousands enbie feed stoved X heac m feet "
(i) Regulating. Ll"—"m—"(——‘ul‘—-gg e SR RS0 = e he . hours.
It the divisor is 56, the result is in kw. hours or B. O. T\ units,
. . Millions eubie feet stored X head in feet __ e
(i) Main. 7T gy AR = e, D, p. years.

If the divisor is 500, the result is in K. w. years.
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Coefficients for ascertaining mean velocity from greatest surface velocity
in channels.
. Vers smod b Stewath ‘ Rl o ! i )
A Hydraulic mean dopth, channels- ATAEN ‘--r i n-‘f.'n.‘."wl:l ‘dll':.»‘;»g \.'."_:“: l-":H ‘ L::l".:"‘l.
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'lhe‘: hydraulic mean depth is found by dividing the  cross-sectional ar i
square feet by the wetted perimeter in feet.  The mean values .<(fk even .l“”l .
seetions {110!1;.!. the chosen lenceth of channel are used. ‘ l-‘m: n'mh{t :t”z} o
rivers in the hills the coefficients in the last column will be us I . lm"”'s i
pbsc}'th that with a hydraulic mean depth less than 05 f ('l( the t “fl'“' "
is slightly belew the fizure suggested in Mr. Barlow's n«)u.- ( \) ,»4; -“l'u'”'.l h".“l.l}L
however will almost always cive conservative results. Sipendic 2 s

The entries in the fie

e APPENDIX LI

Part of an aneroid survey—=see paragraph 13.
~

1d note hook were as follows :—

Date.

A l)l’il 4
)
»

»

Time.

60
S 45
10-0
120
1210
530
0
730

8:30

Stati

on.

1T

111

1V

VI

Vi

Il

Temp. F.

72
83
92
36
01
G0

B

80

Reading of aneroid.

1570 Outwanrd

1553 L,
2055

2850

journcy.

3002 Return journey.

Reduction b
for air temperature

as follows :(—

v Moleswortl’s curve for
by means of curves give

Oulirard gourney.

diurnal variation in Calcutta and
nin Molesworth and Leschanel,

Diff. by Correction Final
.\'\u\i\‘l\. m\pn\id for l:unll]t f(‘t‘t. K diﬂ'ﬂ‘vnco,
feet. diurnal. foot.
1
} Fall 18 + 10 Rise 22 1006 Rise 21 24
It
I1
g Rise 202 +3 Rise 200 1115 Rise 230 W
I )
I
} Rise 795 -3 Rixe 792 1130 Rise 06 | % 1,204
vV ),
}ll Rise 122 N Rise 122 1130 Rise 138 )
VI _—
Toral RISE 1,288
Return journey.
Vi
} Fall 32 —23 FFall $29 1075 Full 891
\
1,157
v
l Fall 250 -5 Fall 245 1084 Fall 266
1)
lll‘{ Fall 106 -5 Fall 1ov 1:095 Fall 11v 11v
I;s | ToTAL FALL 1,267
B
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It will be ceen that while the reduced reults Letween the terminal stations
agree very well, viving a wean difterence bt \.\m‘n them of ]'2“‘,-*_ =67
1275 feet, the two common intermedinte readings danot agree ; hetween stations
Land 2 the outward journey sives a difference of 24 feet and the homeward
110 feet, while tho_‘ di\«'rc'])mm}' is balanced between stations 2 and 6, traversed
by a different route. Unless the instruments can be careied in special lagzed
casex, so that the metal work cannot sef heated up differently at various parts,
these diserepancies will oceur. A wecond instrument carried  at this time
showed equally discordant results at infermediate “tations, and the two did not
agree any better dnfer se. - No doubt it 2 lone halt eould have been made at
each station, to enable the instruments o settle down thorouchly, the results
would have hen more even; but this is cenerally impossible, .

Station T was found by a +7 Forest map to Fue st abonet veduced level 990

v . . Dy . N
feet.  Nddine the mean rise hetweey 1 and 27 1, =t+1 m.-.. 67 feet, Station

2 will probably be within 50 feet of 13, 1, 1.057. }
reading, is 230 fiof
Ntation 4 similarly
The terminal stati

Station 3, with only a single
hizher and the result, 1,957 fet, ay e 100 feet out.
may he taken as abiout 2,158 feet, with a similar margin.
_ ation 6 is probably within 15 feet of 99041 27 mean or 2,268
feet, as the results accord well and the Benwal weatbor veports showed that no
considerable change of pressure oceurved in the interval ; station 5 is about S91
teet, below this, or sy L3377 feet within 100 feet. The reductions made from
the second instrunient confirm these probabilities,

A subsequent test of the two *compensated = aneroids, one kept in the
shade as aeontrol and other placed in the sun, showed that the latter in both
cxXperiments rose very rapidly o othe relative change due to the temperature
chanwes of the instrument itsell were G0 oot and =1 feet pespectively in the

course of wn honr or <o, This no doubt aceounts tor the diserepancies at inter-
mediate stations.

APPENDIX IV.

Mechanical and Electrical Power.

The British, and practically International, horse-pm\"er is the power
obtained when energy is being expended at the rate of 550 fo?t-IDOLlllds a
second or 33,000 foot-pounds a minute. ‘-\pp‘lwd to water power, if 330 Ibs. of
water (528 cubic feet) are discharged per minute under a head of 100 feet
(ziving a static pressure of 43:3 1bs. per square inch) the energy expended will
be at the rate of 1 horse-power. 'l_‘lus, however, is thcorotu':}l, or \'\'(&LCI‘ horse-
power, w.hip. If a turbine and pipe system having an cfficiency _Ot 90 per cent.
are employved to utilize this flow and fall, the }ncc.hamcal or hrake horse-power
obtained on the shaft will he 09 h.hop. If this .1nccha'mcal-power 15 used to
drive an electric generator, the cfliciency of conversion l)exl}g‘ 95 per cent, und(c_l"
the particular conditions, the clectrical horse-power ohtained  will b(_‘ VX5
=055 e.h.p. The value of the horse-power in foot 1hs. per nin ute isin cach
case the same, but the fraction avatlable dmmn:ulws. l!u* oulpup of t.lu.-
cenerator, 0853 ep. X 716 gives the exact clvctrwim‘l equivalent, vez., 0:636
kilowatt, as T e.hp. =7 16 watts or 716 kilowatts. To l'(:ll!ld up.thc vxmnp}e,
if this ‘636 of a Kilowatt is converted to heat (wh;crc the f'{lu"u‘-n«y Is necessarily
100 per cent.) it will giveout *636 of 57;3 or 361 Bl'l.t/lsh lhm‘ma) um.f);.‘e per
minute, which is equivalent to 28,200 foot-lhs. per minute, out of the 53,000
with which the example started. "l‘hus horse-power isa rale, not an amount,
so 500 hup. per minute 7 is meaningless; the total amount of electrical power
cenerated in any  particular time s c;prcssed n e.hup.-hours or kilowatt-
i’murs. If 500 h.p. (373 k. w.) is exerted for one lnll!l‘ltc the resultang energy
i 500 60 or &33 h. p. hoursor 621 k, w. hou.rs. llxc§c elementary explana-
tions are only given beeause the letters reeeived from engineers show that they
are required. . L .,

No mention has so far Dheen made of “ indicated horse-power . and
« gominal horse-power.” The former represents the power developed in the
eylinders of a steaw or ol cngine, as calculgtcd from the mdlca'xtor_ diagram,
and will gencrally be from 7 to 18' per cent. higher tl!illl the cﬂ'ccyn.'c b.hp.
developed on the crank shaft. l.\ummal.hor.sc—p'o\\'cr s a tU'l'ln surviving from
the earliest days of the steam engine, and is practically meaningless now.  The
.h.p. of an engine may he two or three times the n.h.p. as the term related to
the size of the eylinders and length of stroke without regard to the steam
pressure actually used.  Where returns for the census of power are submitted
in n.hp. an endeavour should be made to ascertain the b.hap. gle\:elopcd‘by
comparison with other cases. Otherwise the n.h.p. should be multiplied by 3.
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APPENDIX V.

List of sites in Assam.

Bhugai Rirer (Garo HHills).—Unsurveyed in detail, but has a rainfall of
100 inches of which 91 per cent. falls between April and October.  Appears
unlikely to afford any good site judging by the j-inch map.  The catchment
area however is some 83 square miles at Selhat Haut, where the Naranga tri-
butary flows in. (Map 78 K. 7).

Bogopani River.—sece Shella River.

Cherrapungi.—see Shella River.

Damring Rirer.—see Krishnai River.

Didram Rirer.—sce Jinari River,

Digru River.—sec Um Tru.

Dudhnot Rirer  (Garo Hills).—Nothing is known recarding this stream,
or its tributaries, the Manda and Chichuara but it is probably worth reconnais-
sance as the rainfall is high and the slope rapid. At the junetion of the above
tributaries the Manda has a catchment of about 10 square miles and the
Chichura about 70 square miles.  About 105 out of 115 inches of rain falls
between April and October,  (Map 75 K 13).

Judukata or Kyustiong Rires and tributaries (Khasiao Hills).— A ppears
to have considerable possibilities, the rainfall being hetween 100 and 150 inches
of which 9F per cent. talls between April and October. There are many  falls,
and reservoir sites may be found in the Nonastoin area. The catchment area
above the falls of 70 feet, with others near hy, in latitude 25 26, longitude
91° 8" is about 2t square miles. (Map 7505 3, 7, 10).

Jating: River—The possibility of using this river for the clectrification
of the hill section of the Assam Bengal Railway has been considered by the
Agent. The proposal is to dam the river just below the junction with the Ka
Yeng (¢. v.) near mile 277, up stream of the hair-pin bend near the railway
tunnel.  (There are no detailed maps of the river arvea available at present).
The area flooded would be about 2% sq. miles, and with a 90 foot dam and
mean depth of water of 43 feet the storage would be seme 3,000 million cu.
ft. The raintall is said to vary between 14k and 250 inches in the catch-
ment, mostly falling betweon March and October. It averages S oat aflong
and 17+ in the Jatinga Valley. The above storage would give about 3%0
cusecs for the 6 dry months and 12 hours a day. The catchment area of the
combined streams is about 96 sq. miles above here. The power station
would be.near Damchara Station, where a head of about 200 feet could be
obtained, with a long canal on difficult ground and perhaps a long pipe line
so far as is at present known.  The site may e goud for 7,000 ¢. h. p. or more.
It scems probable that a higher dam than 90 feet would he required to give
the storage indicated, and this miglit involve the submergence and re-aligu-
ment of several miles of the railway in difficult country. ‘Lhe dam site requires
further exatination.  Rock outcrops in several places on both banks, and is
hard and compact, with the strata often vertical, sometimes twisted, and fre-
quently broken. It is sound cunough for a weir to stand on, hut not for water
to fall on unless heavily protected. It is probable that the river bed was once
101 fect deeper or more, and the present flat valley has been formed by the
hills slipping down on the left bank and Dblocking the river. A lake wus
formed aml in course of time its overflow has scoured out a new channel, but
this is still much above the old level. There is a possible flank escape (uot
examined) on the left bank some little way back, where rock should be found,
as evidently the river at one time cseaped by this route.  The dam would pro-
pably run across the river at a sharp angle, but the line would have to he
trenched for examination and this would be most difticult,  Further examina-
tion in detail is required before o verdict can be expressed on the scheme.
See also Ka Yeng River and Maibang,  (Map 83 G k). \

Jinari, Jinjaram or Didrane Ricer (Garo Hills).—This has not been pro-
apected ;3 it has a catchment arca of about 100 sq. miles at Roksaun, with
about 100 inches of raiufall, and the slope 1s rapid.  The stream 1s unsurveyed
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on a largoe scale, but looks unpromising on the } inch map. 91 % of the rain
falls between April and October.  (Map 76 K 5, 9).

Ka Yeng River.—This from the layergd maps looks more favourable than
the Jatinga river (q. v.), into which it {lows just above the site mentioned on
the latter. There is apparently a good reservoir flat some 2 or 3 miles from the
Railway bridge, but it proved inaccessible in the time available.* The dam
here would be well above the railway. The flow was found to be about 5
cusecs only in December, but the rainfall is about 150 inches here over a
catchment of 30 sq. miles, mostly falling in G months. (Map 83 G 2, 3;
unsurveyed). :

Kulsi River (Khasia Hills).—This appears promising on the map, but has
not been examined. It is a perennial stream and has good falls. Rainfall is
100 inches, mostly between April and October.  There are large lakes in the
reserved forest area, which could probably be dammed at the exit ; but the fall
would be that due to the dam only. The catchment arca to the lake exit is
over 100 sq. miles. (Map 78 0 5).

Krishnai or Damring River (Garo lills).—Near the Jinari (q. v.) and
the same comments apply. Catchment area at Chelteret about 200 sq. miles.
(Map 78 K 9).

Muaibang, Assam-Bengal Railway, hill scetion.—The railway station here
is in the middle of a large flat valley, several miles long, with stecp eliffs on
the east’side where good rock appears to outcrop. This valley is near the high-
est point of the line, and it falls steceply away towards Lumding. The valley
is cultivated, but the railway could bic cheaply diverted. The discharge of the
river {name unknown) in December was only a few cusecs, but rainfall is
high—about 100 inches. The sitc is most suitable for a large reservoir, as the
valley is flat, the rock apparcntly good, and an excellent saddle escape exists
on the east. This site is considered well worth examination. From the Atlas
sheets the catchment arca is about S0 sq. miles. (No maps available, but on
78 G 2 or 3). : .

Jlonas River.—This flows into the Brahmaputra.from Bhutan, and has a
large perennial flow. The fall after it enters British territory appears con-
siderable. (Map 78 J 13). '

Shella River (Bogopani River in Atlas ; Khasia 1ills). —This is within the
belt of 200 to +40 inches of rain and consists of steep sided gorges, already cut
down almost to plains level.  Unless reservoir sites are found “on the upper

~reaches in the Cherrapunji district (scc General Remarks on Assam ; para. 26) it
is doubtful if the stream is of any use. If storage exists the catchwent areas
at almost any point are far larger than is necessary ; cxcess water, not defi-
ciency, will be the difficult problem. The months of December and January
are almost dry; November and TFchruary reccive an average of 23 inches
March averages S and October 15 ; so the digribution is unusually good. As
the country is mostly steep and rocky the run-off will be very high, as all falls
arc heavy. By way of an index to the dry weather discharges 27 very small
feeders of the Shella River were gauged in the area immediately west of Cherra-
pungi. All these flow into the Um Long and Um Pynjngithuli, whieh meet at
R. L. 1,700 feet, 3% miles due west of the Dak Bungalow, and attention is
called to possible reservoir sites above here in para. 26. J anuary 1919 had only
one measurable fall of rain, 063 inch on the 20th, and the combined discharges
of the streams amounted to only 3 cusees early in February. That month was
quite dry. March had 092 inch on the 3rd and fth only, and the combined
discharees later in that month were under 2} cusees.  April had 13 inches
of which half fell Detween the 17th and 23rd, the remainder heing distributed
in small falls. The combined discharges takvn. just after these heavier falls
amounted to only 8§ cusecs. Thc_ Umsohphi reservoir site at the 100 feet
our is just over 1-1 square mile in arca by the may. (Map 75 0 11, 15).
Shillong.—A small scheme wasrdrawn up for lighting this hill station from
the ncighbouring falls on the Um Kra and Um Shirpi, hut it offered no facil-
ities for extension beyond about 150 e. h. p. A printed report on the site is in
existence. Gaugings of the Um Kra taken a.t Mawlai Bridge cave from 114
cusces at the end of December 1918, dropping very steadily to a minimum of
63 cusecs early in April 1919.  'The dvcri‘a.‘w is about 1 cusee per mensem in
winter. Above Bishop's falls the Um Shirpi dropped steadily from 10 cusecs

cont

» Sinee examited and found unpromising.
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at the end of December 1918 to o minimum of 63 cusees early in April 1919,
with the same decrement.  (Map 78 0 14). ) .

. Umion River, Khasia 1lills.—This crosses the main road at  Barapani,
where a reservoir site may cxist. There is however little information as to the
fall available below, as the river soon passes to parts of which no detailed maps
exist. The catchment at Barapani is about 20 sq. miles.  Rainfall about 100
inches, mostly falling in 7 months, ciz, about 9t 2. (Map 75 0 14 and 83
C 1,2). '

Um Kra ; sce Shillong supra. .

Um Rai River, tributary of the Um Tra (q.v.). This has heen gauged
where it passes near the Gauhati-Shillong road, and where it is pcrcnnial.
At mile 41 the discharge fell gradually, with large variations, from an average
of 20 cusecs in January 1919, and 10 cusees in Fcl)l'u;u-y, to G} in March and 9

“in the carly part of April. The lowest record was 1 cusee. At the Laroh’

rapids (not identified) the discharge fell from 35 cusees average in January and
28 in February down to 22 in March; the lowest record 'I)cin;: 15 cusees.
Rainfall about 100 inches. (Map 75 0 13).

Um Shirpi.—Sec Shillong supra.

Um Tru or Digru River—(Khasia Hills). ‘I'his and its branches, which
pass the Gauhati Shillong road, may offer some power, but not much informa-
tion is available except that the river is perennial and has some wood falls.
Detailed examination of the waps has not yet been made. The cmtchment
arca above the junction with the Um Rai appears to be about 60 square miles,
but it is ditlicult to trace out cxactly. Rainfall about 100 inches, of which

" about 94 per cent. falls between April and October. (Map 78 O 9,13).

Someswari River—(Garo Hills). Unsurveyed in detail, but looks promis-
ing on the layered and | inch maps. At the junction where the Ramthanyg and
Semthang from the west join the Rangdi from the cast the cateliment arcas are
about 300 and 170 square miles, or 470 in all.  Rainfall over 100 inches, of
which 90 per cent. falls between April and October. (Map 7> K 10, 11, 14, 15).

APPENDIX VI.
Bengal and neighbourhood. ‘

Chittagong.— A small scheme was drawn up for util.izing the Karnaphuli
River near this town, but no details arc available. Rainfall ahout 100 inches.
(Map 84-B, unsurveyed). L

Damuda River.—There appear to be some possibilities in this river .in
connection with an irrigation project, but they have not been investigated
from the power point of view. The development would, it is believed, be
cxpensive. The rainfall averages 50 inches in the area. The Port Commissioners
of Calcutta are interested in the reservoir project, as thc monsoon flush is
required to keep the River. Hooghly clear. Several reservoirs wers proposed,
one of the upper oncs creating a fall of 100 feet, some of which could be
utilized. The lower reservoir, into which the tail waters would discharge, .
was designed for a capacity of 20,000 m1lhop cubic feet; and the river bhed
helow this has a slope of about 10 feet per mile. The prospects are not alluring,
owing to the proximity of the coal ficlds and the high cost of any development.
(Map 73-M). o o )

Darjeeling Dzsh-zct.'—'lfhe present plant (See Table ~2) 1s incapable of"
supplying the whole district and various schemes (Table 5) have been drawn
up for further power. None of these aré particularly comprchensive and
detailed examination should improve on them. The Great Rungeet River is
mostly out of British territory ; the Little Rungect River with its tributary hill
nalas is in all cases suggosted, and these are certainly capable of development.
They have a catchment area of {tbout 200 square miles. It is probable that at
least 1,000 fect head ean be obtained with a minimum discharge, from the
Little Rungect and the Kahill Nala alone, of 40 cusecs. The 2,000 foot
contour offers a favourable channel line, and the drop would be made to the
Great Rungeet where these streams mect it, at ahout R. L. 1,000 feet. No
storage sites (other than for regulation) are probable, but power to the cxtent
of 3,000 c.h.p. may be obtainable. Rainfall 120 inches well distributed from
April to October. The following gaugings were made on the ith April 1919
when the flow was exceptionally low, at points selected s likely fo be reliable,
and capable of being combined into a single scheme. The eocfficient locallyz
adopted has been changed from -0°66 to 03, asthe hydraulic mean depth is
extrémely small and the beds are full of boulders and” no really good cross
sections are possible ; the readings however were carcfully made, and the reduced
results ave dependable.

Raman #8 cusecs ; Lodhoma 17 cusees; Rungriate 41 cusecs : Rilling 7
cusees ; Little Rungeet 22 cusees ; Kahil 7 cusees; total 103, ; g

(Map 78 A 7 and §, survey incomplete towards Sikkim),

Duars District—In addition to the Jaldaka (q. v.) on the border there
are to the East some half dozen much larger rivers, mostly snow fed, falling
into the Duars and Goalpara from Bhutan. The Amo Chu or Torsa, Cilin Chu
or Raidak, Sankosh, Saralbhanga, Manas, as well as smaller streams, all come
from very high ground and must have great possibilities; hut no. maps are
available, and no prospecting has heen done.  Probably the power sites will he
outside British India entirely. :

Jaldaka River.—(or Hidden Stream).” This lics on the border line hetween
Kalimpong (Darjecling) and Bhutan and flows into the Duars; its upper
reaches are in Tibet and Sikkim ; the road up fromw Kumani Forest Bunealow
is negotiable by clephants for some distance ; it crosses and recrossos the
boundary, over the river, which js barely fordable to men at the lowest wator
in April before the snows melt. ’l‘he' main river is apparently fed from the
snows of the Jelep La, north of Gnatong in Sikkim ; a considerable tributary,
the Ne¢ Chu, joins the main river where Sikkim and Bhutan meet the Kalim-
pong boundary and a fair one on the left bank } a mile below. The catchment
arca here is about 130 square miles. The streams were gauged in the first
week of April 1919, when the discharge was believed to be the lowest ever
known ; it was about 130 cusces at the junction, where the elevation was found
to he ahout 2,000 feet. The tributaries lower down were nearly dry in March
1919. The rainfall is not less than 150 inches, and the flood discharges arc
vast, probably over 10,000 cusees at times. The slope of the bed is fairly
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steep throughout, down to the plains near Sipchu Ghat (some 12 miles) where
the elevation is about 680 feet. The upper part of the area has not been
surveyed, but it is probable that a channcl could be taken along the right
bank, in British territory, at about contour 2,000, to a point near Kumai Tea
Estate, where a drop of 1,000 feet or more may be obtainable—but the lower
part, of this again has not been contoured. Neither the stream beds nor the
hills along the rouie appear to afford good facilities for even regulating storage
but further investigation is required. If this development is impraeticagl(;
other sites lower down may not prove so; therc are several places where 'a dam
might (Wlth. difficulty) be built to impound a fair lake, and the river does not
carry much silt normally, but the escape would have to be over the dam. The
river appears likely to afford at least 12,000 c.h.p. continuously witho;lt an
storage. Its possibilities are, however, vastly greater, as if harnessed it woulﬁ
he required for the tea districts of the Duars; Mr. A. H. Abbhott of Octavius
Stecl and Company, who arc managing Agents of many of these gardens first
drew attention to the potentialities of the river. Tea plucking d?)es not ,l)cofn
until the first rains produce new leaf ; and as soon as the carly ‘rains begin the
discharge rises. Furthermore, hefore the tea scason is in full swing, the snows
-begin to melt and supplement the cold weather flow. It is very proal),ai)le .therc-
fore that by the time the power would be wanted there would be from 50,000
eh.p upwards available ; bug whether this could be developed at a sirgle site is
somewhat doubtful. “An artificial channel or flume of larce capat‘aitb (s;svcrtil
hundred cusccs) wou!d have to be carried for many miles alone th(}: h{ll side
across several large tributary nalas, and possibly along precipitousaor treacherous
groqnd. As, _how_ever, the industry awaits the f)owcr the scheme is well WOI‘tl‘l
detailed egammatlon.. .The submontanc tea arca of the Duars covers about 1,000
square m_lles, all within casy transmission reach of the site. Some 90 mil,li-on
pounds of tea arc prepared in a season, requiting the equivalent of some 85,000
tons Qf coal, costing at pre-war rates over 13 lakhs of rupees. ‘ The "l‘C‘ItCI" ’mrt
Of.thls fuel, about 60 per cent, is used for drying purposes, to heat ;ir ‘whic]h is
driven by fans through the leaf at a temperature of about 220° . The volume
of air required is considerable, but the heating of it clectricall'y by means of
?esmtan'ce cmls-, isa mmple matter, alrcady done on as largc a sc’:alf: in oiher
mdustr'lal drying operations. The power required for this tf)urposc is laree, but
susceptible of exact calculation. . The district is probably able to al;sd;l), the
whole of the power that can be economically developed from the Jaldaka River
during the scason from April to December.  (Map 78 A. 12, 16 Pz;rtl av ‘13
able on 4 scale; part unsurveyed on horder of Sikkim and ]ilmfan.) v
Sz_.kkzm.——l\lessr; Bu'rn & Co., Ltd., of Howrah have obtained various forest
and minecral concessions in Sikkim, including the right to develop clectric;ml
energy from water power. After investigating a schere to utilize the Tahung
Chu and Zenn Chu at their junction they finally decided to develop power at
the Lagyap Pass site, cast of Gangtok.  The source of power is a perenni‘ﬂl
stream flowing from a snow-fed lake at a high altitude and cventually ﬁll(liI;“’
its way to the Tista River. The site is ncar a gap on the watershed through
which the stream will be diverted to the west, without a tunncl. It will then
he carried along the hill side to where there is a steep drop of '2,000 feet into
the Roro Chu or Tahsourche nala. Communications are diﬂicu]tj The site is
estimated to yield some 6,500 e.h.p. continuously at an overall cost of ahout
one-t%r}tlll (_)11; an am}f)hper unit. (No maps available.) ’
ista Ricer.~ This is a snow-fed river with a minimum discharg
cusecs. The slope of the bed where it enters the plains is ail)ggtfi%;?i 101’1(1)010
for 20 miles ; and until well into Sikkim, aboye the junction with the ‘Gr(I (tl
Rungeet, the slope does not materially rise.  The river is subject to vnormoa
floods from its 3,000 or more square miles of catchinent, and altflbu"h 021 able l;?
yiclding much power the development would be an expensive one 'lgncrc 18
little doubt that a dam would be the only method of controlling the‘ floods and
concentrating a fall (i.e., its storage would not be drawn on) cand to construct
this would offer engincering great difficultics owing to the hi’rrh minimuxﬁ dis-
charge. Assuming that a 50 foot head could be obtained by this means, as is
probable, this would give some 15,000 e.h.p. continuously ; and more th’an one
such place could in all probability be found. The river in its lower hill reaches
may be estimated as good for at least 150,000 cup. «ba price (Map TS-A).
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APPENDIX VI,

List of Sites in Bihar and Orissa.

Barakar River : see Usri River.

Burhabalong River (Mayurbhang). Mr. (now Major) C. H. Douglas, lato
of the British Westinghouse Co., investigated a power site on the upper
reaches of this river many years ago, having a fall of some 900 feet, and he
expressed the opinion. that 40,000 e.h.p. or more cquld be deV(?loped with the
aid of storage. Itis probable, however, that onlya single gauging of the dis-
charge was made, which may have been by no means at the lowest time or in
a dr& year. The reservoir site at tl.mt time was ur.lbroker} ]upgle, and not
surveyed in detail. The rainfall in the surrounding plains is 60 inches, of
which 90 per cent. falls between May and October ; it is certainly much higher
in the Mayurbhang hills, which rise to over 3,000 feet. The site has now
been re-examined under the orders of the Chief Engineer, Public Works, De-

artment, Bihar and Orissa. It is reported that there are two main reservoir
sites which will cover over a squarc mile each and store some 1,200 and 1,000
million cubic feet respectively ; while the first of these, situated below the
junction with the Bukwa stream below Simlipalgarh, can be increased greatly
by raising the proposed dam higher than the 120 feet originally proposed.
These sites are 2 and 5 miles above the fall, and smaller rogulating dams can
be built close to the fall with a capacity of 00 million cubic feet more. The
fall itself is 795 feet high but can be raised t0.950 feet by carrying a channel
along the castern side for a length of 2,500 fect, thus confirming Mr. Douglas’
‘nion. It is probable that the site is capable of a development of 10,000
e.h.p. at least, and Mr. Douglas’ estimate has not been disproved. (Map. 73 J.

and K. 5. )

° Durgngti River, tributary of Karamnasa, Shahabad District. At Kadbar
Khoh, 9 miles from the river’s source, there were reported to be storage possi-
bilities, but the Chief Engincer finds the valley unsuitable owing to the rocks
being much fissured vortically and horizontally. Rainfall 40 to 50 inches
11car1y all between June and Scptember ; .catchmept arca about 27 square miles
only. The site is reported by the Chief Engineer to bc useless, as the
minimum discharge in 1918-19 was only § cusec. The Bichli (Mojhli) site,
close to the former, i8 equally useless szyries up entirely. (Map. 63 I. 14)

Garrha Nadi, Singhbhum Diseefet, at Dutaura, 4 miles north
of Dhirol Public Works Department bungalow on Chaibasa-Moholia Road,
lias been examined. There are good storage possibilities (at heavy cost) and
the catchment is large, but the fall is probably not more than 50 feet. The
flow was 7 cusees in February 1919 at this site, where the stream breaks
through the hills. It is + miles north of the Haldopokhar Road. (Map 737J.6.)

Kakolat Fall, Gaya District. This is 10 or 12 miles south of Nawada in
the hills running cast from the Job Nadi. An article in ¢ Indian Industries -
and Power ” says At the very minimum this may be expected to yield -
25,000 horsc power " but it is, on the _other hand, reported by the Commissioner,
[’atna Division, to run quite dry in the hot weather. The discharge was
2 cusces in February, 1919. Large storage is therefore essential. The catch-
nent area is extremely small and the available fall is only 160 fect. The site
is reported as quite useless by the Chief Engincer. Rainfall about 50 inches
nearly all falling between June and Septcmber. (Map 72 H. 10.)

Kanchi River.—The Raota (or Dasan Ghag) fall, 6 miles south of Taimara,
in the 19th mile of the Ranchi-Bandu Rqad‘, is about 150. feet. The catchment
area is about 260 square miles and the rainfall 50 to 60 inches, of which that
falline in Junc to September is alone of real value. The minimum discharge
in 1018-19 was 1} cusccs. No reservoir can be.formed at the fall, but without
o grcat power can be qxpected. .A site for a reservoir exists 20 miles
above the fall and others may cxist. Possibly the fall can be increased also.
(Map 73 E. 8,12.) o ] . -

Kao Ricer, Shahabad District. Above junction with Kudra, at Tara-
chandi. Has been cxamined and site reported by the Chief Engincer as use-

Jess. (Map 72 D. 1.) e 1%
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Karo River, Ranchi District. At Porua Ghag, 6 miles south of Topkara,
which is 6 miles from Torpa on the Khunti-Kamdera Road, there is a fall of
100 feet. The catchment area is over 500 square miles, and the minimum dis-
charge in 1918-19 was 1 cusec. Storage is probably available 3 or 4 miles
above the fall, which can also be increased by a snitable take-off. Rainfall
about 50 inches, mostly betweon Junc and September. (Map 73 F. 1.)

Mohana River—Tributary of Phalgu river, ITazaribagh District, 10 miles
south of Grand Trunk Road. The Tamasin and Ilarikhal falls have heen
examined, and thore appear to be storage possibilities 10 miles above Itkhori

and possibly elsewhere.  The falls are 50 and GO fect respectively, and extra

head can be obtained by taking off at Itkhori. The catchment arca will he
about 200 square miles at this site. The minimum flow is negligeable.
Raiunfall 50 inches, of which only that between June and October; amounting
to 92 per cent. will be of any real use. (Map 72 H. 3, 4, 8.)

Nindi River.—There is a 200 foot water fall at Mauzah Nindi, Thana
Bishunpur, -+ miles north of Scrandag and 10 miles cast of Bishunpur. The
catchment area is about 12 square miles only, but the monsoon rainfall is 50 to
60 inches by themap and probably morc on the crest of the hills. Storage will
be essential and the site will probably not allow of sufficient to be of any use.
(Map 73 A 7).

Papaharan River, Padampur Zemindari, Sambulpur District. The
Narsinghnath or Kapildhar fall, 97 miles south-west of Sambalpur, and 20
miles south of Padampur is about 900 fect all told, but the catchment area is
only 2 square miles with a minimum discharge of ahout ¢ cusecs. It had
previously been reported that the fall came from “a vast shect of water -at the
top of the hill ! The stream, however, is sacred, and the Narsinghnath temple
is below the main fall, so it is impossible to utilizc the site. (Map 64 P. 1).

Phulwaria River, Shahabad. Has been examined at Zibhar Khund,
where there is a fall of £50 to 500 feet, but the discharge is very small and
storage impossible. The site is useless. (Map 63 P.9.) ’

Sankh River—~There is a sitc under cxamination 3 miles from Rajdera,
on the southern end of the Pakripat-Natarhat Platcau.  The catchment area
is only 32 square miles with a raintall of 60 inches, confined almost entircly
to June to October. The Rajdera fall is 175 feet and it is believed that a
coservoir ean be formed above it, increasing the practicable head by tunnelling
through to the river. There are mines near. 'The power is unlikely to be

~sufficient for alumina reduction, but bauxite is found within reach. The

minimum discharge in 1918-19 was only } cusce. (Map 73 A. 3).

Ibid.—The Perua Ghag fall lower down the Sankh River, 12 miles north
of Koghdega and -+ miles cast of Kundra on the Gumla road, is about 23 fect,
and the catchment area here is over 900 square miles. The bed some miles
ahove the fall is wide and a reservoir site may exist, but storage would be
costly. The fall is dry except in the rains, being on a loop of the river, but
the main discharge is reported as having heen not less than 144 cusees
in 1918-19. (Map 73 B. 5.)

‘ Son River.—TIt isstated by the Chief Engincer that any storage scheme on
any tributgry of this river might be of value for irrigation for the Son Canals.

Subarnarika River. —The 1Iundrughagh fall, of about 312 feet, is 13 miles
north of \ngara at the 61st mile of the Ranchi-Purulia Road and 20 miles
from Ranchi, Extra fall ean be obtained by taking off 4 or 5 miles higher up
stream. The cAtchment arca is roughly 500 square miles with rainfall between 50
and 60 inches, nearly all falling between June and September ; and the cold
weather discharge is about 60 cusces, falling to a minimum of 12 in 1915-19.
There is no suitable reservoir site at the fall, but many higher up, all expensive
however in arranging for surplus flood water. Probably the site is capable of
giving 1,600 e. h. p. or more. (Map 73 E 7, 11, 15.)

Another site has also heen examined 4 miles west of Chandil Village, where
a storage sitc exists requiring a dam 600 to 1,000 feet long, to store an
enormous volume of water up to 100 feet above bed without flooding the railway.
Here the catchment area is over 2,000 square miles. There isa subsidiary site
lower down, which ht serve as a permancent dam to give the necessary head
and two possible additional storage sites further up stream. "The cold weather
discharee is fair, but the strcam must occasionally run dry in the hot weather,
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as the dam at Sakehi has no flow at times. Rainfall 50 to 60 inches, mainly
confined to June to September. The site will be very expensive to develop, and
the power could not compete with waste gas from the Sakeli farnaces. (Map
@i %;:Edei)éer.—Hazaribagh District. At Usri, about 7 miles from Giridih, just
bolow the crossing of the Gobindpur road, a fall of about 180 fect is obtainable
where the junction with the Barakar riveris. A good storage site exists above
and has been surveycd by the Bengal Irrization Department in  conncction
with the Damodar flood regulation. Bcl.wved to be _worth some 1,200 e. h.
y. which would be useful for the construction of the 1_101ghbour1ng dam on the
Barakar River. Of the total rainfall of 50 inches 86 per cent. is duc to the
Junc-September monsoon. The proximity of the coal ficlds renders 1t gnhkcly
that the fall will be used. (Map 72 L 8.
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Bhatsa River.—There arc said to be falls in this river at the site indicated
near Shahapur, but no details arc known except that the vainfall in the
catchment of nearly 400 square miles is very high, probably 200 inches or more
in the Ghat area, from local information, though there are no records of the
Meteorological Department there. It practically all falls between June and
September. (Map 17 E 7.)

Gangavali River—~—"The Magod falls on thisriver arc said to be §00 feet high
and have a catchment of about 280 squarc miles with good rainfall of from 30 to
75 or possibly 100 inches. No details as to minimum discharge. The rainfall is
heavy during June, July and August, but there is gencrally a fair fall in May,
September and October also. (Map 8 J 9, 13 ).

Igatpuri,— Western Ghats. There arc possibilities of a further storage
project here (sitc not identified), but it is unlikely to be developed until the
present Tata schemes have all materialized (Sce Andhra Valley ; Nila Mula ;
Koyna). Rainfall 75 inches or more, and over 100 in parts, ncarly all falling
between June and September. (Map 47 E.)

Indus River.—1f the proposed barrage at Sukkur is built there may bhe
considerable power available and high level irrigation may afford an outlet for
it. It istoo ecarly to discuss this. °

Kalinadi Ricer—The Borkund falls arc said to he worth examination; also
the Vincholi falls, and lower still, the Lalguli falls of 500 to S50 feet according
to length of canal. The catchment is in the high rainfall district of the
Western Ghats, viz., 100 inches or more, and is about 280 squarc miles in arca
at the junction with the Dogi, ncar the lowest fall; but the¢ minimum
discharge is not known; it was 200 cusecs at Lalguli in the summer of 1905,
date not given. A fall higher up the river, ncar Londa, is also belicved to
exist ; probably this refers to the rapids at Supa, which have been surveyed for
power required at Dandeli, as proposcd by the Conservator of Forests, Southern
Circle. The’arca has considerable industrics, and the tail waters could be used
for irrigation. The Executive Enginecr, Kanara, estimated (in 1905) that
with storage the Lalguli falls were able to give 60,000 e. h. p. but further
investigation is required. (Map 48 I, 7,11,12),

Koyna River Project.—This is already entered in Table 5 as having been
investigated by Mr. A. T. Arnall. The catchment area is 346 square miles in the
Western Ghats. The proposcd Helwak Lake will have a draw-off capacity of
120,000 million cubic fect, giving 300,000 c. h. p. continuously. The water
will be tunnelled through the watershed and the head is 1,600 feet.
Rainfall said to bc 150 inches, though shown onthe 75 inch contour in the
rainfall chart; but the precipitation at the cdge of the Ghats is extremely high
all along. (Map +7 G 10, 11, 14, 15.)

Malaprabe Ricer—Belgaum District.  There are fallsin this riverat the
point indicated, but no details arc known at present. The catchment avea is
about 250 square miles and extends through the zones of 30 to 100 inches rainfall,
which mostly falls between May or June and September. (Map 15, M, 1.)

Mula River.—There are two rivers of this name. Onc is dealt with
under the Nila Mula Project below. The other rises in the Trimbak hills,
which have a rapid drop from about 5,000 feet clevation down to 2,000 fect.
The catchment arca at the site indicated appears to he alout 150 square miles,
with a monsoon rainfall averaging 30 to 10 inches but probably far higher
in the upper reaches; it is confined however to the monsoon period. (Map 17
E 11, 15.

Niltz Mula Project.—This is alrcady entered in Table 5 as having heen
investigated by Mr. H. . Gibbs. The catchment arca is 111 square miles in
the Western Ghats, and the proposed Nila Mula Lake is cstimated {o have a
draw-off capacity of 18,000 million cubic feet, giving 150,000 e. h. p. for
3,600 hours per annum, so that for tabular purposes the power may be given as
75,000 e. h. p. continuously. The water will he taken through the watershed
in a tunncl and the head is 1,700 fect. Rainfall about 150 ‘mches, though on
the contoured map it is in the arca of 75 inches. (Map 47 1 6, 7, 10,11.)
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Nira Canal Project.—Poona. SeeTable 5. Afterthe new Bhatgar Dam is
built much more power will be available, especially if the Vir Tank is enlarged
to pick up the tail waters and store them for irrigation. The Ing falls or
rapids also appear to offer some power for S months ; some 1,700 e, h. p.

Pravara River.~—Rises in Trimbak hills near the Mula River (q. v.) and
has the same characteristics. The Randa falls have about 200 feet drop and
are said to be able to give 3,500 e. h. p. continuously. The site appéars
promising from the maps, and the monsoon rainfall is said to be very high,
from 150 to 200 inches. The catchment at the point indicated appears to be
about 80 square miles. (Map 47 E 10 and 14.)

Sharavati' River.—District Canara. The Gersoppa falls on this river
have a drop of some 800 feet, and it is believed they have heen examined for
power, though no details have been received. The falls are within 20 miles of
the sea and near Bhatkal Harbour, which is under investigation as a port. The
monsoon rainfall is from 75 to 100 inches during June to September in the
catck ment of about 150 square miles, and reaches 150 inches over part of the
Ghat area. (Map 48 J 12))

Tadri River—The Lushington falls are said to be 300 feet high, and are
worth investigation as no discharges are known to have been taken. Monsoon
rainfall between 100 and 120 inches over a catchment of perhaps 250 square
miles ; reservoir sites may be found. (Map 18 J 11 and 15.)

Vaitarna River.—There are waterfalls in this river atthe site indicated
by the map, north of Tarsa Lake, hut no details are available. The rainfall
(mostly between June and September) is upwards of 75 inches and the catch-
ment of the order of 200 square miles. (Map 47 E 2, 0).

Canal Falls, Bombay.

; l Minimum
l Fall flow Working
Canal. Position. ! in except at period
‘ fect. closure in days,
| cusecs.
Gokuah Curral. i
: i
Wadarhattt Brancl, . . . Mile 5,7 4 10 R4
32 . . . 2 U/:3 5 10
‘ {
H i3] 6/,G E 3% 10

It is possible that these falls might be combined, no information is available.

Prarara Left Bank Canal.
|
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Combinations of falls are apparently possible here also.
' M
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Anisakan Rirer, Haymyo, tributary of Myitnge. The Deitdawgyi falls on
this river have a drop of about 1,000 feet, almost sheer down, and the minimum
discharge is said to be about 2 cusecs in May. The catchment area is quite
small, of the order of 20 square miles. There are possible reservoir sites, though
these have not been surveyed, close to the falls. One appears to be 30 to 0
acres in area. It is possible that other small streams can be diverted into the
catchment. No canal is required and a short pipe linc only. There is little
doubt that such power asis required in Maymyo can be obtained at reasonable
cost from this project, 200 to perhaps 500 e.h.p. The rainfall is about 50
inches ; 96 per cent. of this falls between April and November, and a considerable
carry-over will be required from storage, especially as crops probably ahsorb
most of the small flow in the dry months. The stream is also called Nadaungya
Chaune. Minimum discharge in 1919 was 2 cusces at Htonho near Sedaw.
(Map 93 C, 5.)

Balu Chaung ; See Laimaw River.

Ban Cheung.—Sce Tavoy.

" Bean River.—Tavoy. Mr. Crossley of the Southern and Boundary

Burmese Wolfram Co., has located an 1,100 foot fall on this river, bhut no
caugings are available.  (Map 95 J. 12, K. 9.)
- Beraasd Myo Ricer.—This river, 9 miles north of Mogok, is said to have
a minimum discharge (due to springs) of 20 to 40 cusces, and a good drop,
stated to be several thousand feet in a short distance. It runs into the Kin
Chaung, a tributary of the Sweli, and is probably capable of 8,000 c.h.p.
or more. Rockis gneiss and limestone.  Rainfall between 100 and 50 inches,
of which 96 per cent. falls between May and November.  The ecatchment area
is about 120 square miles.  (Map 93 A 8.)

Biliy River.—South west of, and on road to, Papun; said to be worth
examination. An isolated river, with seven months’ rainfall of 100 to 150
inches over its catchment and 5 dry months. The drainaze area above Yinon,
(which may however be near sea level) is about 600 square miles. It runs
nearly dry for 5 months, so storage would be essential.  (Map 94 G, but mostly
unsurveyed.)

Chavagmaogyi. See Madaya R. .

Che Channg.—Yaw district. A promising goree with a good perennial
discharee is found 4 miles above Yeshin village, 45 miles from Pauk.

Chindwin Ricer—Tributary of Irrawaddy. Xanti Fall (presumably at
the place of that name, latitude 25° 58, longitude 95° 43') is said to have a
discharse of about 3,000 cusecs in March and a fall of 30 feet. It is in wild
country, with rock soil, but is said to be the most promising site on the river.
May be valued at a probable 10,000 el.p., but has not heen examined.
Mr. Barlow considered it well worth investigation. The catchment is very
areat, probably 5,000 square miles, with rainfall about 75 inches. (Map 83 O,
but unsurveyed).

IIeho River—DBeyond Kalaw on the road to Yawnghwe. There is here a
very larce and almost flat valley, mostly cultivated, evidently an old lake bed,
_spo'n(zy Ifeat like soil, with outcrops of inferior peat. The arca of .this flat
valley (a small part only of the catchment) may be about 20 square miles, but
at its lower end, where the drainage escapes, there is a smaller flat of about a
square mile (dimensions not determined) partly enclosed by spurs coming in
from either side. At the south west end of the large valley a big spring comes
through the limestone and feods the nala that drains the arca.  The discharge
was estimated to he 150 cusces early in February, 1919, and was gauged at
103 cusces on the 2sth of that month. It was again gauged on 28th April and
found to be 61 cusces, which may safely be taken as near the absolute minimum.
At the exit throueh the hills into Yawnehwe, from the smaller flat referred to
above, tuere is a rapid series of caseades giving a drop of 672 feet ina horizontal
distanee of 4,000 feet, but it is believed that there is a further fall of 100 feet or
more within casy distance, the survey having terminated at the foot of the fall,
The nala flows into Imle Lake. The ground on either side of the fall is fairly
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ood and is suitable for a duct, and the pipe line would he reasonably short. A
emall regulating tank could be made at the head of the fall and a resorvoir of
large size above this could be scoured out hydraulically when power is available.
Possibly levels may prove that a dam at the head of the-fall would impound a
considerable volume of water in the small flat valley without flooding the
larger valley. The cross-section at the dam site is very favourable so far as it
has been taken, showing that a height of 25 feet above water level could be
obtained with a crest length of only 240 feet (much greater height is practicable)
with rock on one bank and, almost certainly, near the surface on the otherf
As however there is a drop in this valley of only 14 feet in the 6,000 feet
above the fall it is fairly certain that a dam of any size would flood valuable
Jand in the larger valley. If however a power scheme were developed at this
excellent watertall the problem of large storage could be solved quite simply
by utilizing a small proportion of the total power in driving large low-lift
centrifugal pumps, to keep the upper valley clear, an earthen embankment
being constructed at the neck across the smailer valley. Thus, suppose the
main dam to be 30 feet high, giving a water level at the neck 16 feet
above the strecam level. Then the pumping through the embankment at
this point would only requirc about one-thirticth of the total power available,
based on the relative main and pumping “heads.” If the nala were liable
to violent floods such a scheme might prove impracticable, but this is not the
case. The total catchment area is perhaps 150 miles, with an annual rainfall
of about 40 inches, of which 97 per cent. falls between April and November.
The great flat spongy valley involves a very slow run-off, and considerable
evaporation from its swamps, so that the stream (and examination confirms
this) is comparatively even in its discharge. It may be hazarded to average
not less than about 150 cusecs throughout the year. Before the amount of
storage which can be obtained, and the steady flow which can thus be depended
on, can be determined, further information is required regarding the actual
rainfall and run-off and the capacity of dams of different height with their
corresponding embankments. It is also necessary to survey both banks for the
best location for a channel from the head of the fall to the point where the
pipes would be carried down to the power _statipn ; to survey the most practic-

able pipe line in each case; an.d to dptermme from these which bank should he
used and where the power station will be located.

The minimum flow will give some 3,500 e. h. p. continuously, which would
allow a plant of about 8,000 e. h. p. on ovdinary 12 hour working. At the lowest
estimate storage coupled with the much greater normal discharoe would give at
least half as much again. The scheme appears to be a first class one of about
10,000 e. h. p., which would not be expensive to construet, and it should
e fully investigated. Therc is, however, no likelihood of the power being
required in the district unless an industry is founded on the power. The
Kalaw railway will soon be extended up to the site, and there is considerable
traffic awaiting it.  The sitc was cxamil}ed by Messrs.  Barlow and Meares and
subsequently discharges and a preliminary survey were carried out by Mr, T,
A. Clift, Executive Engineer, Taungyi. (Map 93 D. 10,14.)

Ileinza Chaung.—Tavoy. There arve falls “of great height and volume
north-east of Yebyu. .

Indaicgys La/.'e.—Th'ls has an arca of some 40 square niles,and a low
dam would impound an immense volume of water. ‘ There is a perennial
flow from it down the Indaw Chaung, and regulation would be casy. The
available fall is not known ; nor is the catchment area and rainfall. (Map 92

8.

7 ],?mwaddg/ River.—Reference has already been made to the British Water
Power Committee’s remarks ou this catrclxment.. Having scen their figures M.
1. Hare, Executive Engincer, Public Works Department, drew up a scheme for
harmessine the river at the defile by dammmg}t below_Smbu. He proposed to
divert the river by a channel to the east, ¢ii the Nainsang and Mole Rivers,
a distance of 45 miles. The scheme would be both expensive and difficult to
construet, with this diversion, a large ﬁ‘ooded area with the submergence of
many villages, new roads required, etc. The floods rise 60 to 99 feet in the defile
1at it is improbable that with any reasonable dam a head of more than 50

so that 1 ) e S lischaree i - A
feet could be obtained. The minimum discharge is not known.  Above Myiti-
M2
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kina there is doubtless great power available, at a cost which is likely to be
prohibitive,

Kainggyi Ye Ta Gon in the Tawnglet circle of Monglong sub-State,
Hsipaw has been mentioned. (Map 93, B, 7)

Kaladan River.—Akyab. The upper reaches stated to have possibilities.
The catchment area is over 3,000 squarc miles at Kaladan, where the Mi comes
in, but the elevation there is unknown. Rainfall 100 inches, 97 per cent. falling
in 8 months. (Map 84 B. C, and G. unsurveyed.)

Kalonta Gorge—See Tavoy.

Kelaung River.—Mandalay district. Said to be worth reconnaissance near
Wetwun.

Kin Chaung Ricer, tributary of Shweli, near Mogok. Above the junc-
tion with Bernard Myo (q. v.) this has a good catchment of about 1,200 square
miles, including the Bernard Myo and Konwet, and a good perennial dis-
charge, with several places said to have a good drop also. Below the junction
there is also a likely site. Where the Kin Chaung crosses the road the R. L. is
about 500 feet whereas 3 miles further up it appears to be ahout 1,100 feet.
Rainfall about 100 inches, 96 per cent. falling between May and November.
{Map 93 B. 5)

Konwet River (near Mogok) is believed to have a percnnial flow of 20
cusecs and a drop of 2,000 feet in a few miles.  From the map the site appears
good, but the catchment is not known. 1If the streams at Mongmit make it up
it is about 400 square miles, but this has alveady been included (rightly or
wrongly) in the Kin Chaung. The river joins the Muik, (%) a t,ributax?y of the
Shweli. Probably good for 3,000 e.lh.p. Rainfall about 100 inches, of which
96 per cent. falls between May and November. (Map 93 A. near square 12.)

Kun Chaung, Toungoo. Said to have possibilities. Its tributary, the Sinma-
kadin has falls which are believed to be promising.

Kyan kpyu Chaung.—See Tavoy.

Lainnw River.—Or Balu Chaung enters Iimle Lake near Indemze and is

said to have a good discharge and many rapids about 7 to 10 miles from the

south-west end of the Inke.  Considered capable of 2,000 e.h.p. TRainfall 10
to 50 inches of which 97 per cent. falls between April and November. The
catchment area appears to be about 370 square miles up to the valley,
but the Atlas sheets show some of the streams apparently flowing hoth ways '
For this reason many of the catchments may have been wrongly estimated. They
can be checked by larger scale maps later on.  (Map 93 D. 1£,15.) )

Lampar River—Said to be perennial with a large fall.

Lenge Chaung, Meiktila, Div. Minimum discharge at Pweya Se was 2:73
cusecs on 20th April 1919, )

Lenya Rirer, below Mergui; said to have power sites. Rainfall about
160 inches, lasting from April to November, witha catchment at Lenya of some
700 square miles. (Map 96 I 15, 16.)

Madaya River, or Nam Pai, tributary of Irrawaddy. This has a minimum
discharge in the hot weather of ahout 100 cusecs near Mandalay.  Higher up

some 10 miles, the river is said to have a good slope, so power should be found’.
Near Mogok it is also said to have a good discharge and rapid fall. Rainfall
between zones 40 and 100 inches, practically all falling between May and
November. The catchment arca at Gwe Kyaung is about 1,200 square miles,
but the altitude there is not known. The minimum discharee in 1919 was 350
cusecs on the 19th May at the headworks of the Mandalay Canal. (Map 93 B.)

Magyi Chaung.—Tributary of Madaya, 45 miles from Mandalay ; this and
other similar streams near had a fair discharge (about 50 cusees) in March
and possibly several could be run together for a fall. No details.
Site not identified. Elsewhere the Chaung Magyi is identified with the
Madaya (q. v.)

Man Ricer, tributary of Irrawaddy. This is said to have some possibilities
below Ngape but is very little known. It is near the Mon River and has less

discharge; and may even dry up at times. .\ discharge taken near Payagyi
village, 12 miles above Aingma weir, showed 10 cusecs on April 7th 1919.
A fall may be got by tunnelling through the watershed, it is believed. Very
unhealthy till January and of doubtful value. Rainfall 50 inches or more over
a catchment at Ngape of about 250 square miles, (Map 84 L § and 12.)
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: istrict (see also Anisakan River). From the headworks of the
\[anﬁ{g;ig{g/a{)the Yet(agon waterfall, flowing into the Madaya, can_be seen
<ome G miles off tothe N. N. W.; 40 miles from Mandalay and 35 from Maymyo.
There is a drop of 1,700 feet, and Mr. Scott, Executive Engineer, found a dis-
charge on the 9th March 1919 of 141 cusecs. The minimum, on 12th May,

+s § cusecs. The catchment is only about 8 square miles. Reservoir pos-
‘v‘(l\ﬁl't'es‘are poor, as the limestone is very fissured, but a site north of Yonbin
s ’-y 100 million cubic feet. The site appears good for 2,000

:illllz;ge ?Q;gigﬁaﬁa;{mt 10 inches, of which 97 per cent. falls between April

: ) -B 438,617
and .31()"’?;11): r.Di(s%'?gtg?T]}iere is said {o be a perennial stream with a large fall
come 3g mi]ééy north east of t%? to"v%’hn?t far) from Mogok. No details, but
a or Magyi Ch. (q. v.).
P"Obag’}y I:eAf::SRt?vs,l-a(tlfi{)utary ofoy.\[yitthg. Subject to high floods, and has a
uick. Sl((:);;)z: but in véry wild country and unlikely to offer much steady power,
% ol sta’ted to be worth 4,000 e.h.p. Rainfall 50 to 100 inches, over a
(t:q;):h:’uient of some 4,000 square miles, 1nclu§1;1g the considerable Loktak Lake,
‘ ¢4 E. & F., unsurveyed.
near IU‘I)l‘al' P}iﬁ?i’iﬁf hzf: not been idgntiﬁed, but is said to have a perennial
Menyan Bive -2 "c1l 20 miles from the Irrawaddy. _
Vindon Chaung (or Mu) River.—Tributary of Irrawaddy, 'I‘hayetn}ayo Dis-
ot er reaches of this river are stated to be worth examination, and
urict. TECOSEP h The lower parts are navigable and useless for power. The
5—’0_0d for et ?’roxgl 10 inches up to 100 near the watershed, of Whicl_1 95 per
rainfall > arlu:stween \ay and November. The catchment area above Mindon is
eon. fal(l)s~)':1:1re mi‘les.v Discharges arc available from 1893. The minimum
ahout 60‘ ,sqm cusecs at the Shwebo Canal. (Map 85 1.) .
on reCOrd 18 U7 7, 730,000 horse power scheme was mentioned, working on a
A%0 flc})f)?'lfﬁllo,' but it has not been identified so 1fz:r.] N et Drosnecting
= Lon River—Tributary of Irrawaddy, said o ho per aps x{orl‘ 1 pro I.Lkll}o
havee is generally good (scldom below 500 cusees) and slope quick in
as dischargs o0 ory little information available, as the region is inaccessible
upper 1-cachf>- ntﬂ%anuarv, but a possible 6,000 c.h.p. was suggested.  From
an d uuhealf o . ls. above the canal headworks, it is believed that exccllent
Kyion dov war ‘iw‘ found to carry over the low water period, and from 2,000
reservoir SiIes C‘ll}.lll he obtained. ‘A discharge taken at the end of April 1919,
to 10,000 ¢.h-p- “Love the Dwe junction and on the 5th May 50 cusecs at the
wave 279 Cu"_w;\_‘} ’ \[ezali, 40 miles lower down. Regular readings are taken
canal headwo? b tributary streams look favourable on the map, especially one
here.  Some Ofst 'leD\\'C This tributary joins the river above PalkS.Ok, and
which joins neat t the “end of April 1919 The fotal catchment here is about
‘_"”'rmd t:r;u;&;ﬂ Rainfall in upper reaches 50 to 75 inches. (Map 8+ L 2,
SO squd = ¢
3. 7) __Seuthern Shan States. A natural limestone tunnel

i) )
: N . o

Jlongha')fgl Ifilglil of several hundred feet. It is about 150 miles south east
TN ltclq;t ;qu existing as far as Mongnai. River not identified, hut
of Taungyi, a cart o

probably on Wb 9}) )I'u __The hills near the railway are sald to offer possibili-
Moulmein 10 . tgrh the watershed from reservoirs on the cast to the coast
ties by running F¥1tvol;a Rainfall probably over 150 inches, mostly falling in
side. I‘gc[x;nlfekr 13 ﬁgt-xiiefl examination of maps will be neeessary.  (Map 94 C
May to UC y ¢
;. H. 5 . o
( _,}"Rl.)_'el'.—.—.?(‘.‘(i—;\'l["ll}il{.}g?af;laot}nochind“,in.' Ncar. itg j}lncti:oll “rith the
le.mlm. Rive 1'1 - (which  reludes the )¥311.11)u1‘ River) 1s -smd to have a
Chindwin Rivert | a laree discharge, but it is of dc.)ubtfulr A alue except in
ceries of rapids and ba b‘l 73000 elup. could be obtained. The lower reaches
upper 1"08011‘35' :3’110163 "}{aiﬁfall 40 to 75 over very large catchment (of.the
are at nfmfg Bablfgtime miles), bat concentrated into about 6 months (Map 84 I,
order o » 3

R -ed.) . : falls above Theel
mostly unsurve;\.e( ) Satary of Irrawaddy. The}e are falls abov 1cchaw
Myitnge River ';S'Eglbcl:):;{ed with good perennial flow.  This river is said
which could be InCreass oy The discharge in March was about 10,000 cusecs
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there is said to be a promising « haiv-pin ” bend.  The floods rise about 30 feet
and a dam would be most difficult to construet, but a tunnel aeross the hend
appears simple. (This is similar to the Sutlej Scheme.)  The tributaries of this
river are worth gauging and examining, (Sce Nam Tu, Naimma and Nam Laung
below.) The rainfall over the whole catchment of some R,000 square miles at
the junction cf the tributaries named is probably about 10 inches.  Minimum
discharge in 1919 was 6,360 cusees on 16th May at Kimhet. (Map 93 B and F.)

Nandaungya Chaung ; see Anisakan falls.

Naw Et Rirer.~Tributary of the Nam Laung and the Myitnge,
60 miles east of Kyaukse, said to have 1,000 feet fall and a large discharce.
By making a dam or tunnel the river, it is said, could be diverted across to the
Zawgyi, through a hill, to give some 6,000 e. L, p- Rainfall about 40 inches of
which 942 falls between May and November. The eatchment avea at latitude
21° 35, which is probably near the place referred to, is alout 1,000 sq. miles.
(Map 93 C 10, 11 with G 1, 2).

Nam Ko, falling into the Salween helow Na Tane. (Map 03 J, 11)

. Namkwe Lake, north of Yamethin. There is a project here but no details
are known. The Executive Engineer, Meiktila Division, proposes to examine it.

Nam Lan Rirer.—Northern Shan States.  Said to he worth reconnais-
sance between Namtu and Mongtung.

Nam Laung River.—Tributary of Myitnge.  There is said to be a
natural bridge and a 15-foot drop about 12 miles above the junction with the
Nam Tu, but the prospects of power do not seem good. The Nam Lt flows in
above this (q. v.).  Rainfall ahout 10 inches. The catelment at {he junction
mentioned is however alout 2,000 sq. miles. Qlap 93 T tand 8).

Namma River—This joins the Namtu (q. v.) below Mancan Falls, and
some 12 miles from the junction there is said 1o be a site with a fall of 200 feet
and a minimum flow of about 600 cusees, cquivalent 10 11,000 e h. p. There
is also a possibility of making a large rescrvoir a little distance above  the
natural bridge that gives the drop in this river.  The rock however is limestone

in the reaches ncar the Mandalay-Maymyo Road.  Some 25 miles further up

and may be fissured. A further site 20 miles due west of [sipaw was
mentioned.  Coal (poor quality) is found near this river and there is also
ron ore.  Rainfall probably (0 inches. The eatehment area a8 Nawmma is

about 400 sq. miles.  (Map 93T 10 and 1t and J 2.)  The Nam Hawm or
Namhsawn tributary on map 93 J, 3, aliove the Junction with the Namma, is
also mentioncd.

Neampai Rirer.—Sce Madaya River.

Namporga River—(Tributary of Chindwin River). Said to have a fair
discharge with quick slopes. The rock is largely sandstone with some <hale,
Not identified but stated to be good for 2,000 ¢.'h. .

Nam Pawen River—Tributary of Salween. Navicable up to latitude 19,
but has a large perennial discharge and probubly has rapids in  upper reaches.
There are falls between Msataung and Karcuni, but not of great height.
Rainfall 10 to 10 inches. The catchment arca above latitude 20 is some
1,600 sq. miles. (Map 93 G.IL.)

Nam Tang (or Teng) River.—This is a tributary of the Salween and
70 miles east or north-east of Taungyi it is said to have large falls at about 97°
45'by 207 20" to 20°53. Thereis a * wood discharge” and the road from
Taungyi passes near by. Rainfall 10 to 50 inches of which 97+ falls hetween
April and November. The catclnncult arca above latitude 20 is about 2,500 sq-
miles. (Map 93 H 11, 15).

Nam Tay River~Tributary of Salween.  Said to have good discharge and
high falls. No details. Site not identified. Possibly the Nam Tang (q. v.).

Nam Tu River,—Tributary of Myitngye. Already being developed at the
Man 8an Falls (see Table 1). There are many rapids all along this river, which
has a large perennial discharge, but it is unlikely that any other equally
favourable site exists. Immediately helow Nam Tu the low water discharee is
estimated as 15,000 cusees and a fair head may he ohtainable.  There is also a
possible site 12 or 15 miles above the railway bridge over the river, accessible
from Hsipaw. Near Hsipaw where the Nampu (7) Chaung joins the
Namtu there are said to be good possibilities and power may he wanted.
At Makyeng some 83 miles above Namtu town, it is said thut 1,500 h. p. can

:
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e mostly small and would be expensive to combine.
};eaillfgﬁllog%%ul;uiah?rf:ﬁlessalwgifllxo a ycatchme}r;t 1%rea,1 ai't‘;) the junction with the
. 5 ~ iles. (Map93 B, E and F).
Namtu, of aE°“§tf;223iqﬁ$fiﬁin 1goresIt): Reserve, Said to have pgss1b1ht1es

Z.V yaung oPadaung or 40 from the Irrawaddy west bank, opposite Prome.

‘i))s- nﬁgs ef “};St oreat in the hot weather, but a drop of 1,000 feet or more

1sC g St
available. i v of Salween, Southern Shan States. In about

_Pang R‘f)ei’gt_;'rlllll})lg:aslgutﬁ of the Tallngyi-I{engtung roa_d, there is a fall

6fmllelse’ g(t)g fl()eet in‘a series of cascades. The stream isof considerable volume.
of son
(Map 93 1. inor.—Tributary of Myitnge, above Myittha, Kyaukse, is

. P “"lalf”ﬁ wolft‘lﬁ)’r'osprle‘zltti)ﬁfg, gs there )irs a natural reservoir site of some
said to be “et . the rock however is mostly limestone, and fissured.  Discharges
b acres extent ; d a 900-foot fall were mentioned. Position not identified, but
of 100 cusecslail_:)r 5,000 e. h. p.or more. It is believed to_hqve been surveyed
probably .glo o by Government or the Burma Railways, Limited. The catch-
already it 1te 1bcvtraced on the Atlas sheets, but includes that qf the Zawgyi
ment canlio' yrobably over 4,000 sq. miles at Kyaukse. Rainfall 30 to 10
.(q' v.) A o .lllrlr(v*;)\' have been taken from 1909 onwards. The average flow
inches. ]]))M n(ﬂ)f‘r »and Mav varied fairly evenly between 1,100 an:i 100 cusecs.
bethvecn SS(C) usees can generally he depended vpon.  (Map 93 C). o
A flow of 9 I(éz'z;er ._-.Tril;ufﬂl‘y of Sittang ; also said to be worth examination.
It i P;’r')’,ﬁfgﬂtlv hczir the previous entry, but the site has not been i1dentified

is apps \

as vet. (Map 93 C¥).

- Dagecin road.—Near Yedagon hill stream has a discharge of
nn-Ld 4 . i T ot e ‘

: f)%"cu ocs in February, and may have a site giving 1,000 fcet head.

about = Sebe -

Jiaung Liver.—Near Toungoo. May have a little power, sufficient
Puathec mz{" 9(9()0 e. h. p.?) Bub there are no reservoir sites {md dry
for local .;130( e is small The river however is constantly mentioned as
weather d.ht‘](‘:ufi:n Thandaung heyond here has a rainfall of 200 to 2350
?Wrth lm‘c"\.t(l;;i \[a.y and November, but practically none in other months,
;;leiffcbé;{lmncht % quite small.  (Map 91 1 12).
' s ng.— Sce Tavoy. _
lzjff,',’,’,';'ffj;wo(/’:_lmffggu Division. y][iuimum discharge at mile 12-6 was 1
et L Tort
cusec ol 31)(1 Al)_l—lllh{)lu)tfny of Trrawaddy, flowing from Popa Mount, an old
.P,zn 1‘{ Z?I{ano (1,950 fect) seen from the Irrawaddy from I’gkokko to
and isolatc ‘PO "’l‘he Ci’ltChlllCllt area at Magyigon is about 40 sq. miles only ;
Yeuaquaun‘é- nknown. There are numerous springs on the_hill .51de which
elevation he 11 . uuld be colleeted to give a good discharge at a fair altitude above
i? lsfll)ethle)‘l‘ti(uco 1\"1infa‘ll 30 to 50 inches of which 96% falls between May and
the At P iy st O & 8; P 2, 6). .
November. (Z}hg 2121)11};’ if {)elrha,ps)the same as the Pin; it has “a perennial
. _Pnl/;‘(llldlquﬂo(')d fall 20 miles by cart from (hp ‘Irrawaddy.’
dlSCh;;gl(: }51“0' 2 Toungoo. Said to have possibilities. 5ed Aol
Pgi upongyi Ch. Pegu Division. Minimum \dlscharge 06 cusec on 3rd Apri
1919, at.ml-le- 1 8--'_l:!l‘ril)utary of Irrawaddy. This is said to be of no use except
Salin Ricer. Tich runs from Kodakham towards Laungshe, which is worth
"‘l‘here is no definite information, but it isstated to be worth
Mount Victoria (10,085 fect) appears to feed this and the
1e 30 to 100 inches zones.  The catclnnen.t area of _the tributary
about 100 sq. miles.  \ discharge taken in the main stream near
S ”9‘1 );0 miles above the headworks of the Nyaupgmadaw Canal, in
Mmi\'m “{1&1 ’o? 1019, showed L cusees only, with an additional 1 cusec from
the dry seas L 5).
the Mwe. (-Mgl.)ezlf _I_t tliﬂ)L])oi)strict. There is a wmainfall of 47 feet and
,5(,(,,‘(/{1'120 { 66 feet below Buthidaung and S miles from the Mayu River,
Of{“trs mu]]\ 11:15..1111101_ 1,000 feet. Minimum discharge about 1,000 cusecs and
Al mmoa len2ll T
maximum ]_0(1)’,“.’(:";"_ —The Hateyi Rapids about 100 miles south east of Taungyi
1 fgi)mxﬁllllc: tliéxlth of Moulmein, some -0 miles above entry of the Yunzalin

for the tributary
yeconLissance.

1,000 e. h.p.
rainfall isin tl
in (uestion 1s

ant
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River, and below the mouth of the Thaungin R., are believed to be capable of
great development ; the possibility of locking the river and making it navigable
for boats for several hundred miles further up was also raised. A fall of 70 to
300 feet is believed to be obtainable (reports are conflicting), and the minimum
discharge is stated to be over 1,000 cusecs. Another report says there is atriple
fall of 20 feet in 300 feet length, with a discharge generally of a million cusecs
—presumably this is in the rains. The flood waters however rise about 90 feet.
Lime is obtainable. There is a cart road to Mongnai, and pack transport must
be employed beyond. May bhe considered worth at least 6,000 e. h. p., but
would be very expensive to develop. The catchment arca is enormous and
covers the whole gamut of rainfall ; and there are xaid to be more many rapids
higher up. Above the mouth of the Yunzalin there are said to be many sites,
especially 8 or 10 miles above Kammanaung, which is accessible by boat and
elephant. Here a canal a few miles long, which the banks would allow to be
constructed, would give a moderate head. (Map 9t G, square not known, but
probably unsurveyed).

Sawchaung.—Yaw dist. The goree + miles above Sawand 75 miles from
Seikpyu can, it is said, be dammed to a height of S0 or 100 feet. Thereis a
good How in the dry weather.

Shweli River —Tributary of Irrawaddy. Said to have a discharge of 1,000
cusecs in April, with a drop of 1,000 fect in 5 miles, (highest fall at one spot
34 feet) 20 miles below the large swamp or lake near Selan (R. L. 2,400 teet).
The lake fand is too richly cultivated and valuable to be dammed. There is
granite rock in the district, and a good reservoir site exists higher up the river.,
May be worth from 300,000 c.l.p. upwards. Rainfall 50 to 60 inches, over a
catchment at this place of 2,500 or more sq. miles. (Map 98 E 6,9 and 13.)

The upper reaches below Namkhan and the Kyanktake rapids are alwo
mentioned as well at the Nam Chit falls on a tributary, said to bLe 300 feet
high.

Sin Bo Sin Ma falls; See Tavoy.

Sittany River.—There is said to he a good power site on the head waters ()
of this river north of Pyinmana near Yezin village and near JTaungnyo.
Further north, 20 miles due east of Yamethin, there is said to be a fall of about
1,200 feet, with a minimum discharge of about 50 cusces, which can be supple-
mented by storage with considerable bunds. The possibility of tunnelling
through to another catchment was mentioned at this site, in which case the
water would be useful for irrigation. The formation is limestone, but hiel
mud banks have heen used successfully for storage in olden days. The site is
probably worth 5,000 e. h. p. Rainfall 40 to 50 inches nearly all between Mav
and November. Catchment area not determinable *from  Atlas sheets. (Map
94 A 1,5; 93D 3, 1).

The tributaries of this river on R. bank are also said to be worth exami-
nation, having good perennial discharges up to 100 cusecs in some cases. (Same
maps).

Tabak Hla River.—Where the Lwema joins this stream, 2 miles east of
Namlang, there is a rocky gorge with a drop of ahout 150 feet, a zood perennial
discharge, and a possible reservoir site. Rainfall and catchment area not knowr.
(Map 92 G 12 %), :

Talaingya Chaung ; see Tavoy.

Tandin Falls.—XNorth Arakan. ¢« There is an ample discharge, used for
timber flotation, and a fall of 60 feet. The passing down of the timber is not a
matter of difficulty, and the river is believed well worth examination.

Taping Ricer—This joins the Nam Ti which runs into the left bank of
Irrawaddy near Bhamo. About 31 miles up the river from the junction, near
the road suspension bridge, where the catchment area is about 30 or 500
sq. miles, there is believed to be a cold weather discharge of 500 cusecs (mini-
mum not known) and a drop of 500 feet in 5 miles. The site is worth examina-
tion, and may be worth 10,000 e. h. p. or more. The Tunhong Gorge bevond
Kalechet has also been mentioned. Rainfall not known. (Map 92 H 11, 14;
latter unsurveved).

Taungdirin Chaung.—Mingin, Myittha Division. This is stated to be worth
reconnaissance, though somewhat remote. Site not identified.
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Taroy District.—One power site_has been dfaveloped, see Table 2. It is
believed that many more, including good reservoir s1tgs, are :co be fo1_1nd; but
the country has been little prospected for power. Ra{nfall 150 to 200 inches of
which 96 % falls hetween May and October. Mr. Raikes reports that gaugings
will be taken in the following;

Paungdaw Chaung, which has a fall of GO0 feet at one point.
Ban Chaung (130 cusecs, 29th March 1919.)

Kalonta gorge (19 cusecs, 19th April 1919).

Kyankpyu Chaung falls. :

Sin Bo Sin Ma falls.

Talaing-Ya Chaung. .

No {alls have Dbeen determined as yet, but the first on the list is said to be
the most favourable. (Maps 95 J & K).

Teng River.—Southern Shan States. (Nam Teng ?). Near the Pang (q.
v.). This feeder of the Salween is said to have a l_arge volume and a fall of 365
feet some 2 marches from the Tang falls (}\Iap 93 H r): ‘ .

Thaukyegal River. Tributary of Sittang, 11 m_11es from Toungoo. . This
river has a very large catchment area and hefol'e e_nter.mg th? plains is Sa.ld. to
have a large discharge, while falls of about 250 feet in 7 miles can be obtained
near here, where the catchment area is over 400 sq. n?lles. It 1)1'_013&1)1}Y fall.s
yery low in the driest seasons. On the nqrthern or main b1:anch a fair reservoir
app‘ears possible, holding perhaps 1,0QO million cubic fe.et, f?om whwh a short
channel would run to the power station. The run-off is said to be fair but not
hizh. Most of the smaller streams have a jmckle of water and ther_e are many
corines. 'The southern branch is not likely to be of use unless its discharge
EL)\ 1)3 Jed round by a channel into the northern brancl} near th.e junction. The
latter appears gdod for 6,000 to 12,000 e.h.p. from information received, but

‘further examination is required. TRainfadl between 75 and 100 inches, of which

96 o falls between May and October. (.M'ap 94 A 11,12,16; B 9, 13).

" Tonbo Rirer.—Mandalay. Attention has been called to the upper reaches
of th];’:tr;?ilz-lc;r.——ncar Pagyi (98° X 15° 20") has about 150 to 200 inches of
rain in the elevated catchment of over ~%00 &q. 1}1iles. (Map 95 13, 1). .

Yezin Ch., Mciktila Division. Minimum discharge 3:3 cusces near Yezin on
9&th April 1919. .

Yetagon Falls—See Mandalay. .

Yunzalin River—This 1is .smd tovhave a rapid fall of over 3,009 feet to

ear Papun, but is very inaccessﬂ)l‘e. Where the road from Papun to Kawluck

leav the river the discharge is said to be about 10,000 cusecs and there is a
lez;.‘\e(s)f 5‘0007 feet in 3 or 4 miles. This site is accessible by elephant from
%ﬂpun an:l appears very pron}isil_lg. "l“here are o’f‘hers 1(1)“:(}1‘ ;lo‘“"n also. ‘

Zamayi B[l-g,-:'——-l;l)t‘g’l{ DISttliiCt;.lOSl)lelggiflf a waterfall in forest compartment

[qver is believed wor ‘ospecting.

o ledat)]zlie ‘]l."ii:’/"l,h 1‘)1inlxiing to Mmlllmelin. 'l?he higher reaches are said to merit
investigation as p‘ol\vmt"}]lai\)' he required for pulping work, already proposed

w (S entified).
thelL.Z(lu(.;;tielll}?;eji_41‘.1-i])utm-y of 1)a.nlaung' and Myitnqu 'I:llelﬁ 1s‘ a "small

aterfall of about 10 feet some miles north-east of La\\r Sawk, showing a
wa 1 discharge in April, which is fairly maintained. There are said to Dbe
g Y (]);he(r i';alls, hut little is known. A possible site was also mentioped near
ma,l']" about 20 miles from Kyaukse. From the hills to the plains there
;\I" 1tf§3111,0‘f some-i,(-'oo fect in 20 miles. The water of this river is said. to be
e ‘t' nally fine for crops. Rainfall probably between 30 and 40 inches.
gxeep ltO]‘nént above Kvaukse is about 2,500 sq. miles. Gaugings have been
The Cﬂ] c.1t11 \ Ii-;-iwation ‘Dopm'tment from 1900 onwards, but until 1909 the low
taken 3 1"&61.0 anreliable.  From 1910 to 1918 the average flow between
readmg]'s . \and April varied between 515 and 2,200 cusecs with a mean of about
‘)D()e((;e m\)’ee‘rv hea‘\"y floods have occasionally 00cu1‘1:ed. The drop of the bed is
generally €aid to he quite gradual. (i\’[&}" 93 ‘(.371"‘),_]:6{-. tor ,

g Zingnik Rirer—Thaton district. The river is dry for many months, ln}t
the waterfall ix helieved to he worth investigation in case therg are reservoir
sites above. This is 2 mining and also a salt district, and power is wanted,

: N



APPENDIX X.
List of Sites in the Central Provinces and Berar,

Aran River.— At Masni, in Magrul Taluk, there is said to be a good site for
impounding 5,000 million cubic feet of water with a 90-foot bund 2,600 feet
long, having 330 sq. miles of catchment, The submerged land is forest
waste land mostly. There is “ a good site for utilizing the water with a high
fall,” which is very indefinite as the layered map shows that the whole district
indicated lies between 1,000 and 1,500 feet, so that not more than a 200 foot
fall (low medium ) is likely. The catchment area at Sangri, probably bhelow
the site referred to, is about 300 sq. miles.  Investigation is requiwed. Rain-
fall 30 to 85 inches, mostly concentrated in 5 months, and 85 % between June
and September.  (Map 55 1 7,11).

Baihar Plateau, Balaghat— \ reconnaissance was made in the hot weather
of 1919 and none of the streams had more than a trickle, though villagers
stated that the flow continued through the cold weather. Some of the streams
appear in the list, .

Ban Ricer—Tributary of Purra, near Wari on the border of the Jalgza-
on and Akot Taluks. This flows from the Gawilearh hills, Satpura range,
and is said to have o' vertieal fall of 60 to 70 feet which can bo increased.
The catchment area is 130 sq. miles, to  the west of Narnalla.  The stream is
‘“ practically 7’ perennial and reservoir sites are said to exist. The rainfall,
averaging about 30 inches, is said to be good in these hills even in a year when
the monsoon fails in the plains below, hut it falls to the extent of about 90 %
in the 5 months June to October, and %3;% in June to September, so very large
storage would he required especially with a view to the necessary carry-over
for bad years. (Map 55 C 12,16.)

Bearma River.—Tributary of Ken. A favourable reservoir site with a
catchment area of 4,126 sq. miles is reported at Khumergar, Damoh, bhelow
the junction with the Sunai (Sonar?) where a flood discharge of 235,000
cusecs has been recorded. The site has not heen identified at present.  Rain-
fall about 45 inches, of which 43 inches fall in the monsoon between June
and September. (Map 55 M.)

Bina River.—Near Rahatgarh (Saugor). The catchment area is 500 sq.
miles and the slope is said to be fairly rapid ; about 50 feet a mile (*). Reser-
voir sites have been located above and below here, and are worth investization.
Rainfall about 40 inches, of which 93 % falls between Jure and September.
Estimated by Mr. Batchelor to be worth some 5,000 c.h.p. or more at each of
two sites ; but this requires further examination.  (Map 55 1 5,0).

Chandra Bhago.—Close to the Savpin (q. v.) and the same remarks apply.
(Map 55 G 7,11.)

Chargad River.—Tributary of Wardha. .\ large reservoir could, it is
said, be constructed at Udkheir, 9 miles south-west of Morst, with a ecatchment
area of about S0 xq. miles.  Rainfall 35 to 40 inches, nearly all in June to
September.  No information as to falls.  (Map 55 G 15,16). :

Chikalde Plateau.— (Melghat).  Mr. Batchelor believes that some 2,000
e. h. p. can he obtained here {rom a reservoir commanding a head of 1,500
feet. The site should be examined further.  Catchment not specitied.  Rain-
fall 35 to GO inches ; mean at Chikalda itself 67 inches of which 60 inches
fall between June and September.  (Map 55 G 7.)

Chornai River. - Uprora (Bilaspur). There is said to e a reservoir site
with a catchment of 150 sq. miles, and some perennial flow, and a fall of 100
feet is indicated. Estimated by Mr. Batchelor to e worth 8,000 ¢. h. p. but
has not been examined as yet. Rainfall 60 inches, of which 82 <, falls hetween
June and September.—(Map 64 J 10.) '

Darekasa TWalerfall—Gondia Tehsil.  Situated in hillv country near Lhe
station of that name on the main line of the Beneal N:u‘pm' Railway. 1t
dries up by the end of the cold weather, so will he useless unless storage can be
found. (Map 64 C 11 or 12).

Deo Rirer.—Balaghat district.  'This vises on the Baihar plateau and flows
into the Waingunga, and is said to be worth investigation ahove Bhanpur,
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. the catchment is 120 sq. miles or more. Being near the" Nahara and
%lsllig? ri:ers the conditions are likely to be similar. (Map 64 C 5,6,9.)

Erai River.—Tributary of Wardha, 12 miles north of Chm}da. Resel‘VQir
sites are indicated, without details. The arca does not look particularly promis-
in. though the catchment is about 300 sq. miles, and the 1‘;11311;111 40 to 50
in:iles between June and Sgl)telllbel'. There is a known fall of 20 feet on the
Mul hills. (Map 33 P. 4, 8.) |

Ghisari River.—Near Dhansura, is stated to have a waterfall of several
hundred feet, though the stream dwindles down to a few cusecs in the hot
weather. Reservoir sites may however be found.  (Site not identified).

Hasdo River,—where it leaves the hills above Chhuri ‘,‘“fl K‘Ol.])w Reser-
vyoir sites suggested ; no details, but there is apparently a ra]}ld fall where the

lains are entered. The catchment arca is about 2,§OO sq. miles atl G.araghat,
where the 1,000 foot contour crosses, and the ramfal! averages 60 ihches of
which 80 % falls between June and September. (Map G4 J 9, 10.)

Indrawati Ricer.—Chatisgarh State. Therq is a waterfall of 90 to 100
feet at Chitrakot, and the flow is always substantial. In May 1906 760~ cusecs
-ore cauged. The rainfall over the large catchment of about 4,500 sq.
“‘i‘f esDat t:ile falls is 60 to 75 inches, mostly falling between June and Septem-
11:1@1 ) On the 29th May, 1919, the discharge was 443 cusecs.  There is a possi-
bil?ty of constructing a very large reservoir immediately up strcam of the fall,
where the country is very flat. Reconnaissance indicated that this might carry
50.000 million cubie feet with a dam of reasonable cost, but the land acquisition
wo,uld be expensive as much of the area is cultivated. The site appears worth
4.000 e.h.p. without storage and perhaps 12,000 to 15,000 e.h.p. if the storage
tl’ll'nS out feasible to the extent named. It is worth full investigation. (Map
- 9
6 E}:r’nll?a?z Ricer.—An irrigation scheme was prepared _involving a _Teservoir
on this river (which the Pench joins higher up) a f(\\\' n;nles north ot Nagpur,
but it fell through. The site may be worth reconsideration for power purposes
in combination with irrigation from the ‘fzul \\:aters. . No (1(‘t211]8. are at present
known, except that the site is near the junction with the Waingunga, above
the village of Ambhora, and 8 miles south of Bhanda}'a, where any large fall
is anlikelv. Rainfall over catchment 35 to 40 inches between June an'd
Septembe‘r- (Map 55O 12.) The .catcl.nnent': at the 2,000 foot contour is
178 sq. miles, increased, before the_ ]u'nctlon with tl}e Pench, to about 1,200
sq. miles. Four other points on this river between Khapa and the ahove were
also referred to. (Map 55 K 15 ; 0 3,8). ' .
Madu River—Tributary of Wardha. It is stated that reservoirs (of unspeci-
fied size) can be constructed north of Destara, Morsi Taluq, having a catchment
of 20t sq. miles, but no informatxog Is given as Eo. falls. Site 110@ identified
but probably on map 39 G 15. Rainfall about 35 inches, mostly in June to
Sept?lleblflh.at Area.—The possibilities are said to be promising in the Melghat
area whé]re there would be a demand for power from the Tapti and Sipri Rivers
) d ’\-maller streams mentioned in this list. The rainfall is from 35 to 10
an hés ub to 60 on the Gawilgarh Hills near Chikalda (q. v.), which fall rapidly
}I:Sm 0‘.101. 3,000 feet to about 1,500 feet. The McKenzie f.nlls are said to be
coveral hundred feet high with a perennial flow ; but the site has not been
1dentl§l}~lg-s River—\ site is named between Waigaon and Hingna, Nelgaon,
Bul({{lnil for a small tank of 10 11)i]}i(>11 cubic feet, which is unlikely to b_e
of much “use over 9 dry months, It is stated however that the Mun and Pani-

ounga Fivers could also be diverted into this reservoir, thus increasing the
p Uit b

catehment from 90 to 450 miles, with a rainfall of about 30 inches concentrated

in 5 months, and almost m 3 1110),1.tlls. .'l‘he latter streams are practically
cennial. 7 (Map 95 D, square not 1dcnhﬁed‘ (\'?t), ' |

pere YVoga River. 12 miles north-cast of Ellichpur. It is stated that a rescr-

-olr ‘h-g‘i(/x%n" 88 square miles may be cox}structed north'of Pala, \\'.ith “a num-

by alls 711'( her up.” This reservoir is presumably intended to impound the

l):irl (;)\f'ait‘z\r: a: it is useless for power ; but without storage there will probably

be & dry béd for many months.  (Map 55-G 11),

N2
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Munyari (*) north-west of Bilaspur. Information was received of an
abandoned irrigation reservoir scheme here, which it was stated might he worth
examination for power purposes. (Map Gt-J 7 7).

Murna or Morna River. At Shaikla, 16 miles south of Akola, a reservoir
of 80 square miles can, it is said, be constructed by a bund one mile long and
70 feet high. Whether a rainfall averaging about 30 inches over a catchment
area of about 110 square miles (taken from the millionth map only) will fill
this reservoir and give nearly 7 months’ dry weather supply is a matter for
further consideration. The riveris “practically perennial.” (Map. 55-D 15
and H 3).

Nahara Ricer.—Balaghat district. This comes down from the Ghat a few
miles east of Charegaon Station, ending in a considerable waterfall (Jhang
Gogra fall). A reservoir site was found near the village of Sale, but the + inch
Forest maps may serve to locate others, as the upper reaches are not well
known. With a 5 mile channel from the site mentioned a fall of some 500 feet
would be obtainable. The catchment area is about 120 square miles there and
the average yield about 12,000 million cubic fect. Rainfall GO inches, mostly
in June to September. The site, allowing for a large carry-over for bad years,
is reckoned worth some 9,000 e. h. p. (Map 64-B +, 8 and C 1).

Nawegaon Tank.—This is situated in a basin surrounded by hills in Sakoli
Tehsil, Bhandara District, with a catchment of 23 square miles, and a water
spread of 5 square miles. In June 1919 the discharge was about 5 cusees, It
is not known what fall is available. 'The site is a mile from Dewaleaon on the
Gondia-Nagbhir branch of the Bengal Nagpur Railway. (Map Gt D 1).

Nerbudda River.—Discharges have heen taken during the dry season of
1919, but have not come to hand as vet. The river is known to have pbssihilities
but they have been little examined except at the falls at Marble Rocks near
Jubbulpore ; and no details of this scheme have come in.
however to manufacture cyanamide. (Map 55 M 16).

1bid.—The Dharighat fall in Nimar District has also been put forward. The
actual fall is 50 fect, but it can probably be increased to 100 feet or more, and the
flow is «“ large 7. This site is in dense forest, 2.4 miles by road from Bir station
on the Great Indian Peninsula Railway. The rock is hard Vindyan sandstone.
(Map 55 B 7). :

1bid.—The Baroda Darbar also calls attention to the Khodiar Mati falls
on the Nerbudda in Dhari Taluka, which may be the same as above : also to the
“Mokhadi falls, which have not been identified.

Pench River—A definite site is indicated near Bhiwagarh, 22

It was proposed

, 22 miles
directly north of Nagpur, where the catchment is about 1,700  square

miles, Other sites are indicated on the river, which requires further examina-
tion. The catchment area is 527 square miles where the 2,000 foot contour is
met. The discharge between Seoni and Chhindwara was practically il in
May 1919. (Map 55 O3 1, 2, 3, 4, 5, %),

Mr. Batchelor’s Silewani Ghat scheme also brines in this river.

Penganga Ricer.—There is a fall on this perennial river, which forms the
boundary between Yeotmal District and Hyderabad, known locally as the Susar
Kund. No details are available.  The site has not been identified, hut is on
Map 56, E or L

Purna River.~The remarks on the Moga Riverapply here,
above the reservoir.

Sarpin River.—At Wajar, 8 mules north of Ellichpur, Amraoti. A fall of
2,000 feet is said to exist in 10 miles ; the catchment area however is given as
44 square miles only, and *“with impounding reservoirs along the course of the
stream very cheap energy can be obtained.”  The conditions appear to be the
very reverse, but the site should be examined.  Rainfall about 35 inches,
mostly falling in 4+ months.  (Map 55 G 7, 11).

Shahnur River.—West of Ellichpur (Amraoti). A\ reservoir site is indicat-
ed by Mr. Batchelor between Tekra and Ambaparti, with a catchment of 12
square miles and a possible fall of GO0 feet. A furthersite hetween Raipur and
Moragarh has been mentioned.  Rainlall about 85 inches, mostly hetween June
and September. (Map 35-G 7 and 8).

Silewani Ghat. Mr. E. Batchelor, I.C.8., prepared and published a number
of “paper” schemes such as indeed are most of those in this section of the

The falls are

\

\\
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¢ ort—dealing with the Chhindwara area. Thelre is,din t]'letpamplfﬂflﬁs
Rep S S rery clear description of the
present Lie} { assumption and no very clear descriy

‘olume of assumj ¢
ed, a great volt

issu celves but at the same time attention has been t,lrawu‘ to an area
sc]h?x;w_s thf?(:ﬁseworth technical investigation. Mr. Batchelor’s estimate of an
which is W :

7 AW or say 93,000 el.p. must be taken with great reserve.
i(l)va’ilab'lte :)?’Otol?o;z“nﬁ;tqizied was visited by Mr. Barlow who recorded his
ne site

injon, as follows:— v nks are wrong ; the catchment area is too
opie The l“'ol)osa.l S f;or Ln;ral‘l:iiliiltfqil\iozl ‘fli‘g‘h, afr’ea flooded is A 1 land but
small.  Run-of \\'11}1 t)lfepl(i)ﬁe’ oi"l the canal from the reservoir to the edge of the
probably cheap 2111 undulating country where rock is near the surface.  The
ghat runs tl-m)}l’ o the chat, and the drop in the ahat is good ; but it is not
site is certainly near - e o\\'ould be necessary. The Nala is joined !)y another
sudden and a long PIP on the far side of the pacca road and the Railway, end
Jarger Nala a little ?\a)ce 7s required to find a suitable storage site near the
a proper .reconnf(l)lsbf;’?o) Nagpur alrcady requires 5,000 h. p. and this will
Ghats, with a g0 “1 b srovided cheaply. The project (i.e. the whole series
increase if power c':ufl ¢ 01116 of the first that should he investigated. * Again,
of projects) i thel‘?ﬁ’fg ideas are good but his figures are unrcliahle and useless.
Mr. Barlow notes - 11 are undoubtedly worth further consideration, hut no
Some of his PTOPO?{1 5& on his details. »  Examination of the maps of th'e
reliance must be p a\.cjble reservoir sites certainly exist; the question of their
district shows tl(izlgol;g Msnhould be further .exmnined. . N .
employment an following is an outline - of the chain of pl'?Jects, w hich can
Briefly the 0 ]0 traced from the printed account. The _main power
only with d’ﬁicfﬂt“ \-)e.th (0} Khapa, clevation 1,200 feet, on the Kanhan River
station, one ‘mlle Ww Oéomer) s to he supplied by a long pipe line down the
(Map 55 & 1}’ o M Tola at 2,150 feet. The system is to be fed by a canal
Ghat from Silew anl 2f ‘on the Umra Nala, estimated to have a draw-off
from a sel"'ic"_ ,-gsel_\l(l)} ' cubic teet, of which the dam is to he one mile North-
capacity of 600 mi 1011(1zun jmmediately above this, up to the 2,200 feet

_Fast of Mau. A s{}‘l())ll)ltdl Tmra Nala reservoir one mile North-East of Palakher
an

contour, ﬂ“‘}t other dam for the Chin Naia reservoir is placed one mile
‘ot an ‘

feed this. ) RYNNY ) to the 2,200 feet contour, to feed the gervice

West of Lmara Dal(l()l]llll;l}:gn]‘?e:(]i of 950 feet gross Mr. Batchelor estimated

reservoir by a canal. siving 1,400 e. h. p. ab the high cost of Rs. 1,500
) o

¢ Of . » ‘
this group t0 \)e~ci})1)8(\))(l)0per k. w.), on his assumption of a 30 per cent load
h. p. (say s =
per e.

factor. - 4h is the Rohna reservoir site, one mile L\prtlt of Rohna on
Further North 1 ) to 2,250 feet, and estimated to contain 3,000 million
[N o —y N P . =
Map 35 J 16, ”““‘g‘ri’;(cl{llolor i)roposcs to canal this water to the Chin Nala
cubic feet. 1.){" ce tof 1(; miles, so after allowing for the slope of the canal
AT stan \ L r use.
reservoln 8 £ his water would not be _Ot any 1We. Judine a three mile t 1
a wood deal of thi ain. o nine mile canal (including a three mile tunnel)
: . L a1 < TT . N ACAT U ALY y 4
" North of th}l:‘ \1‘1-;; ors’ of the 1)1'01)()st‘_(1 Ll)l)el Peneh reservoir wvid the
would discharge t %“ﬂ o‘ the Royna Tescrvoir. The site of the gz}mJaclxgss the
Kulebehra Nala n Jes North of Chhinda, at the top'?f Map 55 J 16, and
Pench River is two mi ©up to R. L. 2,450 feet.  The site is certainly very
sed to carry 1' o short dam is estimated by Mr. Batchelor to
h nu‘llll)i O‘Euc;mc foet. Minor power stations are also proposed
2 000 mi :
impounc -3 - - .
i)ncllow this lake. oposed on the Pench River one mile \.Vc.stvof I’allfxt\\’al'q
Further dams are pre II ‘16), and on the Gunor one mile North-East of
up to 2,290 fect (Map ')d\['"l’ up to 2 350 feet. These, however, though possibly
\sﬂlllk'“ ' - ‘U 'y ‘apdin o v - e
Thesagora Ol ”tl'(on Sould appear to be too low dotwn for feeding the power
= . 1rrpeall ’
ce for 1rrigi N .
Of. v . ould seem that if the Upper Pench site is good, and if
systewl- oot it would €€ to the edze of the Ghat, it would
At first =S 1 at any reasonable cost to N oserrOiT
its waters can he led (tll m‘. on this and to omit all the simaller reservoirs except
‘ oncentrate oo rer stations.
petter to < a1] the minor power st . ost of
lt)l(;c rc"ulatin afluNtimateS are at all near t.hc truth, thefwbt oi*the
If Mr. letcht‘lol.? _“1 1 the regulating reservoirs at the Umra Nala,
Tpper Pench reservoir al 1d be in the region of 110 lakhs. The
I
togethcl'

¢ one, 4l

ith the necessary canals, wou
W
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storage, if correct, would on a 900 feet net head eive some 22,500 kilowatt
years, allowing of a plant of 13,000 kilowatts on a 50 per cent load factor,
making a cost of some Rs. 250 per kilowatt for the hydraulic works, exclusive
of the pipe line and power house. This, if attainable, would he a reasonable
figure.

Son Rirer.—North cast of Langi, above Bijagarh.  Indicated, but without
details. Reconnaissance required. (Map 64-C 9, 10, 13, 14).

Tan Rirer.—Pendra, Bilaspur. A\ reservoir site is indieated at an elevation
of about 2,000 feet, with a rapid fall of 700 feet, where this river comes into
the plains near Marai. The normal rainfall is 50 to 60 inches, concentrated
into the months of June to September. The catchment area however is very
small, some 15 square miles, and large carry-over would be required. The site
may be worth 1,000 e.h.p. or more. (Map 6+ 17 9, 10, 13, 14).

Tapti Rirer.—This rises in the Aravalli Hills, which it leaves some 25
miles east of Burhampur. The catchment arca above here is ahout 2,000 sq.
miles, with a rainfall of about 10 inches and there is a perennial flow. A site
for a dam has been indicated but is apparently situated where there would he
little or no further fall. The river at Betul was found dry carly in June 1919,
though it runs until the beginning of the hot weather. A possible site for
storage was found, with a series of drops aggregating 100 feet. As the area is
favourable further reconnaissance is desirable. (Map 55 C-7, 11, 1, and G 2).

Tawa River.—Said to be worth investigating where it enters the plains
at Bagra, near Itarsi, Great Indian Peninsula Railway. The 1
sheets indieate that at the junction with the Denwa tributary there is a narrow
neck between spurs.  The rainfall is 50 to 70 inches in the upper parts of
the catchment, mostly falling in June to September. (Map 33, F. 14).

Umra Nalo ; see Silewani Ghat supra,” (Map 55 K 13).

Uskal River.—Balaghat District. This-is stafed to he perennial and to
be capable of a fall of 1,000 feet or more, near the village of Udwa, Balaghat
Junction, presumably below the junction with the Nahara (4. v.) but not
so far located on the 1 inch map. The locality has greatly mineral possibi-
lities, and power is certainly likely to be wanted in future. Tt is stated that
some 4,000 continuous ¢. h. p. at least can he got from the sit., and by further
raising the proposed dam 17 feet the capacity of the tank can he doubled.
A local report on the site exists, and it is still under mvestication.  The
catchment area above the junction with the Nahara is about 130 s(. miles,
Rainfall normal ahout 60 inches during the June to September  monsoon.
(Map 61 B 1, 8), .

Waingunga River—Small falls are indicated, but no details of any value
as yet. Judging from its tributaries the river should be worth further recon-
naissance. The catchiment area above the 2,000 foot contour is 275 sq. miles ;
at the 1,000-foot contour it is about 1,500 sq. miles.  Rainfall 50 to 60 inches,
mostly between June and September.  See entry under the Kanhan River also.
(Map Gt B. 3, t and C. 1),

Wardha Ricer.—Small falls are said to exist near Pulgaon and M.
Batchelor helieves that 1,000 ¢. h. p- is available. No details are available, but
the catchment area is over 2,000 miles here.  Rainfall 35 to L0 inches, mostly
between June and September.  (Map 55 L. 5 and G).

ayered atlas

Canal Falls, Central Provinces.

The Chict Engineer, Irrigation Branch, considers that there is good scope for
utilizing the canal falls for pumping to uncommanded areas, especially from the
Mahanadi canal, where large arveas of well drained bhate soils lic qut of come
mand. This soil is particularly suitable for arowing long-stapled cotton, as
recommended by the Cotton Committee.  The canal falls ave not likely to be of
any use for gencral purposes as they only rur a comparatively small number
of days in the year. Most of the irrigation is  done durineg the Kharit; rabi
irrigation is purely subsidiary. There are 62 canal falls, running from $0 to
120 days.

APPENDIX XI.
List of Sites in Madras.
. piae _ Anamalai Hills (q. v.). There is said to be 2,000 feet': of
fall Alfty(\i{hiljflcegbo ﬁzrgi? nﬁ)l?lld easil(yq be utilized, in this river some 40 miles
all, O

i i rge i i from
; d 16 from Pollachi. The dischar e is believed to vary
from COI(I)n (li)a‘t‘g:etg% cusecs. Further observations 5111 bo made. The.catch-
sbout 509 ¢0 11. but the rainfall varies from 40 to 75 inches over it, well

?:&g;;f?disfrzz? April to November. Probably worth 2,000 e, h. p. or more.
; :

(Map 5 B.I 1;') %%’(lils{.—g))f essrs. Siemens are interested in thp Kayana;.)ar‘dal
F IIQA'Slgzli(ix;ér (Suruli ?) River, near Coimbatore. No details are available,
A svar River. (Map 58 B. and 1.).
See plso Ah)‘a}lg‘e\:LTlQ I}glls near Thogldai, 13 miles above Mectupalliam,
Ii;havi?:: from Coimbatore are said to be about 50 feet. The catchment above
and 22 mboilt 100 sq. miles. The discharge is believed to vary from over 3,000
them 2 a}O cusecs. Observations are being made of the dry wc}apheg dxschal-ge
fiown tf;) | l‘ﬁe miufall contours probably give too high a precipitation for this
i t. but there are no stations in it. It may be anywhere b?tween 20
catchmv.n ’hc< December to March are dry months.  (Map 55 A. 16).
and 70 ](111 C—— ’{fqlql)al' District. A fall of 2,500 feet in 3 miles is shown on the
Ib!Bil‘uA'a;li( 15 miles from Coimbatore and 21 {from Ootacamund. A
uppel‘l ei roco,rder will he installed as gauging cannot he undertaken at this
waterf t(ive‘ way spot. The catchment area must be very small here, but the
zggx?e dli<tm;ées meet outside the Bhavani catchment altogether.  (Map
B ory Ri cisting dev (sce Table 1) there
~or ser.— Apart from the existing development (see Table 1) there
haveC’ggé;’) !/pll'f);:sals i'%)r utilizing the G'oat’s Ifeap’ Fall, the Mek?‘da:)tg Fz.;llls
(q- v-) and the Hogenka‘l1 Fulzis t(%. v.). l‘llflaab(iweoat s Leap Fall is 20 miles
low Si : and no details are available.
belowC%:z‘;zzgzl:I)c} deilvz:l;l-l.’—uCl‘ochin. This has been investigatqd .l)y Mr. Fo_rbgs,
Chief Electrical Engineer, Mysore. He states that the minimum ﬂf"," is 50
cusecs and storage of 1,000 million cubic feet is proposefl.‘ The site is estimated
to be good for 23,000 e. h. p. on 577 feet head. '(‘Map a:b B. 11). tall
Chandravauki River.—Guntur District. The Ettipotata W.':tter all is
near Macherla, and 16 miles from Gurzala: I\Q details are known and the
't‘e has not been identified as yet, hut the river 1s presumably one of those
?;owin" into the Xistna from the north. .‘l‘h.ese all appear fron~{ thg layered
map to pass through fairly narrow gorges w1t.hln 10 lllllL:S of the !ng river, z_md
-eservoir sites may exist above. The Supermtendmg. Enginecr is examining
::ﬁsee;ite and will take dry weather discharges. Rainfall about 30 mchqs, of
which 92% falls hetween June and November. Catchment area not determined,
=~ b
(MaPC'Lo)?/]}z; );S/u{c.w'l‘hcrc are helieved to be possibilities of considerable magni-
tude ia this State, but no details have been made public.  Some 21‘,01({)01_@\,111: P
caix, it is understood, be developed, presumably from the Chalakudi River
(q. v.). . . 1 - . o 1 G "
' Karleri Rivers.—When the Coonpox Oota:(unum section o
this lg(f?,;gqi\\{l::l\{[\vas being built in 19053 the E‘lect.ncle ;\d\"lS(‘l‘ to the G'ove‘er.n.
ment of India drew up a project, at .thc instance of the Railway Board, for 1?3
clectrification. The site chosen for power development was on these two
rivers, near Runymede, some 3 miles from Coonoor and 12 from Ootacz}mun_d.
The )’mject was limited to what was then required, and details are given in
T llle 4. A far greater head than the 1,000 feet proposed, pro}gably up to
3%())0 fef;t could however be obtained. The minimum dlscharge. in 1905 was
4{3 cu%ecs,for the Coonoor hranch zlm(l 12 cu.secs‘for the gonll_)ln?d Streams:
qu-oeggtomoe is possible. TFurther investigation is proceeding.” The Kartgn
coon 3 already employed in its upper rcaches for the Government Cordite
P:Wel “ 1 'i‘qi»le 9 The rainfall over the catchment area of some 60 or 70
T seii Lnrticr‘l.llm'lv well distributed. It averages about 60 inches,
bot.h l£hC south-west and north-cast monsoons, and from April to

sq. miles
catching
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November the monthly averages are rcasonably constant. The worst months

are January to March, but they receive about 10,per cent. of the total in average

yvears, or some 2 inches per month, (Map 58 A. 15), ‘

Gundar Vulley—Near Kodaikanal. Attention has been drawn to this
valley. The catchment area is very small, about 8 square miles, but the
ramfall of 60 inches is well distributed throughout the whole year ; even
January and February each receive an average of nearly 2 inches. The
perennial flow is good and a fall of about 1,000 feet is said to exist. There are
also said to be zood reservoir sites.  (Map 58 F. 7, §, 11, 12).

Hogenkal Falls—Cauvery River, Salem and Coimbatore. The utilization
of these falls (also called Smoking Rocks I'alls) on the River Cauvery, 66 miles
above Erode, has long heen discussed especially in connection with the Salem
iron ore district 0 miles distant, where electrical reduction has been contem-
plated. Some survey work has heen done at the dam site, where the rock is
said to he a brittle granite. .\ head of 16 to 85 feet is available, according to
whether Metur reservoir is or 1s not constructed. The flow of water depends
on unsettled irrigation projects, but islikely to he of the order of 530 cusecs
minimum, so that some 2,500 e, h. p. at least is available at the site.  The
maximum flow is about 250,000 cusees. The power available would be
increased to well over 3,500 e, h. p. if certain other projects materialize. The
cost has heen estimated as about Rs. 570 per h. p. installed or Rs. 760 per kW,
The water rights of the river are somewhat complicated as hetween Madras
and Mysore. .\ survey has been made and cross-sections of the river taken
above and below the falls. A site foralow dam is being investigated.  (Map
57 H. 12 or 533 E. 9).

Karterf Rirer.— Sec Cooncor River ; also table 2 Cordite Factory.”

Kolakambe water fall.—Nilgiris.  This isa neichbour of the Karteri River
and has a drop of about 600 feet, but by means of a short tunnel a fall of 1,000
feet could be obtained. The waters of the Karteri could probably be diverted
into this stream below the existing power house of the Government Cordite
Factory (table 1). The minimum flow is believed to be about 10 cusecs.  With
a short high dam it is believed that 3,000 . h. p. might be obtained.  (Map
5S A. 11, 12).

Kundah River.— A project for utilizing this most promising river in the
Nilgiris, 9 miles from Ootacamund, was sketched out by the Hon'ble Mr.
Murray, then Chief Engineer, P. W. D, Madras. Tt appears well worth further
investigation, The catchment arca at the Kundah bridge is 63 sq. miles and the
minimum discharge recorded in 1915 was 31 cusces, but by comparison with
neighbouring catchment it is helieved that the true minimum in a very dry
year, such as 191L, would he about 20 cusecs; gaugings are pm('ou(linf.;;.
There are two good reservolr sites, one in the main river a mile above the
Junction with the Emerald Valley stream and one in that valley itself, where
the minimum flow is estimated to he £} cusees. This latter site has not been
fully examined. The mean rainfall is about N0 inches and is extremely well
distributed ; a run-off of 60 inches isx estimated from known data, siving some
1,600 million cubic feet available for storage in the Kundah river site, with an’
estimated minimum How of 56 cusces at that point.  The site allows some R28
million cubic feet to be stored with a dam of 120 feet.  The fall in the neigh-

bourhood is about 3,000 feet of which 2,000 feet ave in 2 miles, but it has not
been determined whether this could he utilized.  The scheme however appears
likely to yield some 20,000 e.h.p. or'more and ix worth thorough investigation,
The minimum flow in 1917 was 50} cusees and in 1919 2+ cusees; no readings
were taken in 1018,  (Map 58 A 11, 12))

Malabar District.—Said to have great possibilities, with high rainfall
and jungle products, such as hamboo for pulp, which may require power.
The average rainfall is about 120 inches and is fairly well distributed over April
to November, though 70 per cent. of the total fall occurs during the 8 months
June to August. '

Machkand or Silerw Rirer—This appears from the Atlas sheets and the
1 inch maps to have great possibilities if levels are favourable, hut practically
none are given. _\ fall of 510 feet with a discharge of 10t cusecs in the driest
part of May, 1919, has since been reported. The site has not been identified

but is on Map 65 J.
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Mekadatn Rapids. Cauvery River.—These are 28 miles above Hogenkal
falls (q.v.) and 21 miles helow Sivasamundram (see Table 1, Cauvery falls). The
distance to Salem is 67 miles. The flow is the same as that at Hogenkal falls’
and the drop is 175 feet. The fronticr between British and Mysorean territory
runs down the centre of the river, and negotiations are proceeding between
Madras and Mysore as to the utilization of the fall. An estimate has been
framed by the Chief Electrical Engineer, Mysore. At least 8,500 e.h.p. is
continuously available on the 550 cusec minimum. (Map 57, H 8 or 12.)

Nurpurya River—Nilgiris. This is stated to be worth examination at
Cherambadi Village, in the Wynaad, reached vid Gudalur, Devala and Pandalur.
The Glenrock Tea Estate is near by. (Map 58 A 7). -~ '

Periyar Project.—The history of the proposal to utilize the water of the
Great Perivar Lake in Travancore for power purposes would fill a volume and
stretch hack a generation, and it is sufficient to say that negotiations are still
procecding between Government and Mr. Garrett, a retired Chief Engineer of
the Madras Irrigation Department. There is an available fall of about 1,000
feet and a minimum supply of 250 cusecs for 240 consecutive days has been th.e
hasis of negotiation. This is equivalent to some 54,000 e.h.p. (Table 4). There is
little doubt that, as a rule, power of this order could be generated for alonger pe-
riod in most years; but as matters stand, it cannot be guaranteed. The con-
struction of a supplementary reservoir above the lake, in the Cardamon Hills,
Travancore, would enable 150 cusecs to be given continuously, and this might
indirectly benefit industrial India (including this progressive State) greatly, as
the manufacture of fertilizersis proposed. For reasons which cannot be dis-
cussed here the supplementary project is held up, but it is highly important
that a settlement should be arrived at. A suggestion may, however, be hazarded
as to the project as it stands. The draw-off level is fixed by the location of the
tunnel which carries the supply through the water-shed; and the lowering of
this tunnel a few feet, so as to increase the possible draw-off, would be
a costly matter. 1If, however, a power plant is put up, utilizing the full 1,000
feot head, it would be a comparatively simple matter to utilize a fraction of
the power to pump additional water from the lake, below the present draw-off
to the tunnel level, a suitable intake chamber being constructed for the purpose,
Thus, if the total lift were 5 feet not much more than one two-hundredth of
the power would be sacrificed and a much longer working period would be

possible. (Map 58, G. 2, 3.) o

Pykara Rirer.—A project to utilize this river (See Table 4) for the supply
of the Ootacamund Distriet (15 miles from the town) was drawn up by Mr. H,
P. Gibbs and has been the subject of negotiations between him and the Govern-
ment of Madras. The lowest gauging recorded on the river at the power site
was 9% cusecs in 1914; gaugings have been resumed since and have varied from
151 cusces minimum in 1917 to 19 minimum in 1918. Two falls aggregating
pr:;cticallv 000 feet could be combined, but it is believed that 3,000 feet could
De obtained by tunmelling through the watershed to the catchment on the
north. A storage site exists above the upper fall, but the capacity is
not known. It is believed that the scheme is good for at least 2,000 e h.p.
or more continuously. The mean rainfall is about 76 inches and both monsoons
affect the catchment area to some extent ; from January to March however the
average precipitation is very low. The catchment area has not yet been
determined. (Map 58, A 10.) .

Sandy Nulleh.—Five miles from Ootacamund. This small scheme with a
minimum flow of 1 cusec and a fall of 1,000 feet is being investigated for local
employment ; sce Table 4.

Sileru River: see Machkand.

Silent Valley—The District Forest Officer, South Malabar, states that a short
dam 200 feet high would form a reservoir 6 miles long, though not of great width.
The position is 1§ miles up stream {name of river not given) from the point
where the river crosses the forest boundary. The rainfall is at least 150 inches
and the catchment “large.”” The fall available is not stated, but there is a
«“ considerable drop” into the plains of Malabar, South of Mannaghat. The dry
season lasts from the middle of January till the end of April. (Map 58 A 8).

Singamputti Scheme.—Madura District, This was mentioned, but the site

has not heen identitied.
Q
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Siramalai Iills.—Mr. H. Perry has suggested thata power scheme for the
Madura District éan be formulated in these hills, situated 20 miles from the town
in the Ammayanayakanur Zemindari. The rainfall map shows a mean hetween
30 and 35 inches in the surrounding plains, but the hills yrobably receive more;
Mr. Perry’s estimate, obtained from a Planter, is G5 inches; but there are no

“true records in the hills. The catchment area proposed is only 8 square miles,

and a considerable number of artificial reservoirs is proposed ; the fall available
is stated to be 1,500 feet. The power available is estimated by Mr. Perry at
“ 6,500 h. p: per minute,”’ and the words italicized show that caution must he
exercised in accepting his conclusions ; see Appendix IV. The project requires
to be examined by an expert, and may prove less expensive and more reliable
than would appear at first sight; various enquiries were made as to its practi-
cability by persons interested in local industries. (Map 58J ).

Siruvani River.—Tributary of Bhavani. A project, first mooted so long
ago as 1879, has recently been investigated for utilizing this stream for com-
bined water supply and power to Coimbatore, which is 25 miles distant. By
damming up the valley so as toform a lake, and piercing the ridge with a tun-
nel, there would be an available fall of some 1,200 or 1,300 feet; some of the
tail water would then he piped to the town for water supply. The minimum
flow of the stream is small (4} cusecs) as the catchment area is only 63 square
miles, but as it receives both the south-east and north-west monséons, with an
annual rainfall of 75 inches or more, it is merely a question of storage. From
December to March there is not much rain. The proposed dam would hold up
from 280 to 450 million cubic feet according to height, from 120 to 140 feet ;
and with the fairly frequent rainfall replenishment it is believed that the site is
good for about 2,600 to 5,000 e. h. p. continuously. (Table 5). The tail waters
can be used for irrigation. Investigation is still proceeding. It is understood
however that expert geological opinion condemns the dam foundation, and if
this is so the scheme cannot materialize. 'The neighbouring Kundah River
scheme is more promising, though the Siruvani can still be used for water
supply. (Map 38 A 12, 16).

Suruli River.—See Anamalai Hills.

Tambrapani River.—The Paponasam falls, 22 miles from Tinnevelly and 54
from Tuticorin, are 250 feet high. The river is already utilized by Messrs.
Harvey Brothers for their mills at Ambasamundram. Gaugings have bheen
made in connection with an irrigation reservoir above the falls and work will
procecd. (Map 58 H 6, partly unsurveyed).

[CaxaL Fanis, Mabras.
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. Canal Falls, Madras.
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. * ino falls, of which the exact positions are recorded but not

] Th‘;lf:llorr;nga;zlllle of utilization for power on a small scale. Nos. 1 to12
printed I: 4 and therest on Map 95. It is proposed to use No. 17 for
are on b }) m the Kistna River to irrigate 10,000 acres. The remainder are
pumpmgiredmeither for sub-soil pumping or for pumping to uncommanded areas.

%;ﬁ’r;gier aggregates about 3,300 ¢.h.p.
. Fall Minimum ] )
Ste‘r(i:l Canal. Position, ﬁfz‘lt . ﬂaotwCl S:‘::egt Working period.
®
I .
Godavari Eastern Delta.
. 1 | Cocanada Canal . . | Medapadu lock weir . 100 373 11 months.
2 " " Tossipudy Lock . . 676 268 »
3 " . Chintapally Lock . . 89 103 "
4 | Bank " . . { Kulla Lock . . . 86 101 »
5 | Coringa  » . .| Vella Lock . . . 825 91 »
Godavars Central Delta,
6 | Gannavaram Canal . . | Gopalpur Lock . . 480 425 11 months.
7 N " Mondepulanka Lock . 568 287 ”
8 | Bank ' . . | Wadapalem Lock . . 525 414 »
9 | Amalapur  ,, . .| Palivela Lock . . 116 407 .
Godavari Western Delta.
10 | Bank Canal . . . 1 Siddhantam Lock 9 to 100 11 months.
12 ft.
Kistna Eastern Della.
11 | Ryves Canal . . . | Komatigunta wcir . . 684 1350 9} to 10 months.
12 | Bandar ,, . , Kankipad Lock . : 425 181 2
13 » » e . . | Veeranki Lock . . 1041 224 ”
14 | Bantumilli ,, . . . | Cowtaram Lock . . 560 316 ' .
Kistna Westcrn Della.
15 | Bank  Canal . . | Kollur Lock . . . 594 330 9} to 10 mionths.
16 | Commanur . . | Kollimerla Lock . . 560 324 »
17 | Head of Commanur Canal | Duggirala Lock . . 7 200

03



APPERDIX X1,
Sites in North-West Frontier Province.

Indus River.—This is not consi i
4 . onsidered likely
ot : ! ely to be c: > of .
‘li)a Iirg' (:azt}goec?non]l;c Qg(felol)ment, in the Himala‘ym’l acl.:.}:z.ﬂ?f Oi‘ (h.\.)](,]‘nm-nt,
carage spe;lllilgg thli'ebl etxillc{l)l may or may not he able to ;\\pl;:\ lnul)osud bu}&kur
\ . s un e prOject mzxtcrial' ) ; Y power. t s
level %‘;Y;P;:lg Itlot Cgllal%lﬁhoglfl it be required, 1171?:\; l]))\:tbt(}r;‘gui)ssil,;.1,1.\. of high
Kashmir road a,zrjld .—h—ad lllljax]xom.s the Jhelum not far fl‘htln“t-lllll:nf\li hottabad
the district is within easy trégsxl:i[;:i%n“:th ? la%me pereunial flow ‘A: 'ﬁt‘“‘l"{‘“"
station at Mohor: : each of the Kashmir Darlar's or
installed, it is ?f,i’iii’é&hfhi?f;‘?‘ o 2), where muich urplus II,)(;‘\:“(";‘ i already
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the time of th Y .—This flows in from north of Manschr:
however that sites exist in tI;;e mai::asts-u.bseque"t_'ly dismzmtlcd.‘ llt'l i):l »:lgle)‘nhtlo
(Map 43, F 3). stream, which las not heen bnwtspcélcdb

Canal fallsin N. W. F. P

Upper Swat C
anal.—Soon  after .
through the Malak after leaving the
Mal ! 1e vrdwork s .
which is pitchtl:ihanittu%nel and then, on exit dm\] eadworks - this “Hs
. X : . il mn e TN N
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available below the tunnel is 1:])01,6093610}"\1 to 1,000 cixst'ce(rd-’:df gt}:d\v 1(,n'
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tl‘le 'falls for the manufacture of .t?le ) Battyc proposed the lltil'ﬁ-‘.t' -l
Engineering Congress. The distx'ictlllll rates, in a paper vead hefore t Iu‘lll’(\mj“l
could be obtained b Sine i ' lowever is a wil . e LunJin
o the can;l - Pr;‘)’l)t(?;é:{l]g m{;} the river below the d ' :))\l\u ; .
days every alternate year ¢ by A I:.dSangster. The C‘m‘lll h (: ]]m“so inntead of
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could probably be r Riparian rights necessitate s on the Danks
l} S) tec} un constantly. ate this.  Othierwise the canal
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. . ches. Bv utiliz; .
considerable power avail: ' . v utilizing the existine {
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; anal.—There are b ‘
thie ead works power is now oe &l‘L no f_alls suitable for power
about 30 feet down into th generated for the works ])\l J‘1‘( v here, hut near
Wbt ’ e river area, where s by droppme the water
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Constant power
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nother, near Peshawar, giving a Sl()l (i‘d :n{. Pnming water

l o oot drop.
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List of Sites, Punjab.

Baspa River, trib. of S.utlej. At Raturing gorge this pours over a series
of cataracts below Sangla, with a drop of about 500 feet in half a mile. It is
helieved to be & good site, though remote. _(Map 53 L, 7)

Beas River— This has not, so far as is known, been prospected for power.
Between its rise at the Rohtang Pass in Kulu and the plains there are however
continual rapids, during which t}}e desgel}t amounts to several thousand feet.
W bether there is any concentration of falls sufficient to allow of economic
development is not knowa. Several f)i the larger snow fed tributaries in Kulu,
ospecially the Parbatti and the two rivers flowing in ;mt Largi, have also great
potontial power ; ut they are 'used f9r extens:we timber transport up till the
Jonsoon, §0 it would perhaps be 1m1)o§51b1e to divert the water from the stream
without interfering with fo.restr)i. _ The catchment area is 5,700 sq. miles and
{he average rainfall over it 15.(32'0 inches. The maximun flood at Naushera is
325,000 cusecs and the mipimum rvecorded discharge 2,600. (Map 53 A 1,5,
9, 13, 14 and B2) ) :

Chenal River ( Kashmir )—A project has been proposed for utilizing
this river at Riasi, where BQ,OOO e. h.. p. can, 'lt.is saige be developed. Th:é
catchment ared 18 12,000. sq. miles, of wh_lch half 1s in the exterior Himalayas,
d the average rainfall is £1°7 and 987 in the exterior and interior divisions.
The maxinun observed flood carried some 600,000 cusecs and the minimum
cocorded discharge 18 ,884 at Marala. (Map 43 K }6).

Giri River.—The upper re;a-ches of this peren.mal river were prospected
“bout 1900 for power for Simla, but the Nauti Khad was found preferable.
There are probably good sites for power lower down, but they are not recorded.
The rainfall is from 50 to 75 inches, and 1s well. dxstrﬂmted except for October
to December, W ich are dr months. .Much ot.thc winter rain falls as snow in
the upper arcas thus tending to equalize the discharges. The catchment area
i ahout 6004 miles at the junction & few miles from Solon. (Map 53 F 6,10).

* " Haro Rivers near Hasan Abdul, Attock. En(lun_-xes have been made re-
sarding this river and the Jablat (or Chablat) in the same district, and dis-
:h:u".:es were asked for. Tl}Cl‘e 18 s.zud to be a fall of 50 feet and a good peren-
X Tiacharge. Rainfall 25 to 40 inches. (Map 43 C. 5, 9, 13).
Todus R seor.—( See also entry under Bombay ). The catchment areas
calabagh amount to _00,4-00 8q. mll'es in the exterior Himalayas and
53,000 in the interior range, with average 1-alpfalls of about 266 and 7°6 inches
- - The maximum recorded flood discharge at Kalabagh is 1,000,000
ond the lowest observed ?(a‘l 18,870. The bed hel‘edis narrow and if a
‘ .ould be constructed tho minimum power woul be about 170,00
100 foot dam ¢ bed widens out greatly, so the flood afflux would be small.o
- or—See Haro River. Lor the United P
. o ( See also entry W er the United Provinces). The cateh-
Juan Rieer= i 4«?’400 sq. miles with an averag)e rainfall 0201713

ahove Tajawala 18
ment aread above 13 i q- : ‘
o ches. The maximum recorded flood carried about 273,000 cusees and the
195 at that place.

rved flow was 2,1% .

notum River, ( Kashmir )..——Ah'eady _partly developed at Mohora (Table
2y it o et power ean certml}ly be obtained. The'ﬂume line of the existing
.41. e Jarge enough 'or 4 times the power now installed. (Map 43 J 4 ).
pa (110\\‘ Liout.-Coloncl) Battye, R- E., in a paper read hefore the Punjab

Jowest obse

Captain . i is river for power ;
Enl«riuccl'illi: Congress 1914, buggested using t}ns river for power at Rasul, at the
- “Lower Jhelum Capal. A flow of 4,500 cusecs and a head of 850

hc:\d of the Lo

ctated to be obtainable, givins 33,000 e. h. p.  (See Table 2). The

n . ’l'C ~ M 1 o i .

feet | ) L’]lt & s il the exterior a.n<'1 interior Illr'nalayas axe.7,000 and 8,000 sq.

catchment ¢ el with average rainfalls of 39°5 and 46'2 inches. The maxi-
\ \ 500,000 cusecs and the minimum recorded

‘10 respec
miles £ t Rasul carried about

;eCS. . :

el tributary ot J‘hclunz ( {(ashmu‘))(_)——No information
! he 2 tchment ared is certainly over 2, QO sq. miles at the

\ ]ff:c Juain Tivers and it is snow fed. (Map 43 F11, 14, 15).
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Kunhar Ricer, tributary of Jhelum.—No information is available, but

the catchment area is about 1,000 sq. miles at the main junction, and the river
ps snow fed.  (Map BFG6,7.9,10).
' Mogri River.—Rampur Bashahr State.  The Chief Wazir of this State
believes that a fall of 600 feet or more could be obtained in a mile or two of
channel in this river, which is snow fed and has a dry weather discharge suffi-
cient to drive about 10 of the local water mills -—or say 30 to 40 cusees.  The
stream is probably worth 2000 e.h.p. or more. (Map 53, E 11, 15).

Punch River, tributary of Jhelum, (Kashmir).—This appears to be worth
examination near Kotli where the catchment is about 1,400 sq. miles; but no
information exists regarding the river. It will be snow fed during at least the early
part of the hot weather, as it rises in the Gulmarg snows.  (Map 43 G 14, 15).

Raci Rirer.—This has not been prospected in the hills, but certainly has
considerable possibilities.  Where the Upper Bari Doah Canal takes off near
Madhupur a gross fall of 109 feet can be obtained in 46 miles; 140 feet in 7}
miles ; 175 feet in 93 miles; and 200 feet in 13 miles. Mr. Milne in a paper
read Defore the Punjab Engincering Congress, 1919, states that the minimum
recorded discharee there is 1,300 cusees, which would give a continuous 12,000
e.h.p. on the smallest and most practicable combination of these many falls.
The excess water not required for the canal could bhe surplussed back to the
river. The project has been estimated to cost Rs. 530 per e. h. p. or Rs. 716
per kilowatt instalfed. Sce entry in table 5. The normal supply is nearer
5,000 cusees. A\ cross-section is available but is not printed. The catchment
area of the river is 2,500 sq. miles with an average rainfall of about 93 inches,
The maximum flood discharge is about 200,000 cusees and the minimum re-
corded flow 1,303 cusecs at Madhupur,  (Map 13 P. 11, 14, 15 with 52 D 2).

Sutlej River; Bhakra Dam project. —The proposal to use the great power
of the Sutlej where it enters the plains near Kirthpur, north of Rupar, at the
bead of the Sirhind Canal, is not dependant on, nor does it in any way interfere
with, the project for storing some 112,000 million cubic feet of water behind
this 395 foot dam. The proposals given in Mr. E. Milne’s paper, read before
the Punjab Enginecering Congress at Lahore in April 1919, involve tunnelling
through the spur round which the Sutlej makes a great loop at Oel and Anand-
pur; a fall of some £30 feet or 330 feet effective can be obtained in this way,
and the minimum discharge of 2,700 cusces ( usually not below £,000) which
must in any case be allowed to pass down the river could be utilized to give
some 81,000 e. h. p. continuously. The lake would extend above the head-
works, but its storage would not be drawn on hevond the minimum flow com-
ing in. The cost is estimated to be Rs. 313 per kilowatt installed.  The only
differences that the dam project makes in the hydro-electric is that, if the for-
mer is built, the tunnel will be under the pressure of a considerable head of
water ; whereas, if the dam is not built, a diverting weir must be built across
the river at the tunnel entrance. It is probably that below the dam also some
10,000 ¢. h. p. could be obtained if the main scheme is blocked by the fear of
interference with irrigation.  This site was first suggested by Messrs. Cromp-
ton & Co. in the carly nincties.  The reaches further upstream have doubtless
great possibilities, but at a much higher cost. The catchment arcas of the
river amount to 5,000 and 16,000 sq. miles in the exterior and interior Himalayas
with an average rainfall of about 1tk .inches inthe former. The maximum
flood discharge is about 300,000 cusces and the minimum recorded flow 2,818
at Rupar. (Map 53 AT, 8, 11,12).

For the construction of the dam, and the tunnel also, power to the extent
of about 3,000 h. p. will in any case be required ; and this can he obtained from
a site -+ miles from Nangal, on the same loop and helow the dam site.  Here
a minimum of about 15,000 e. h. p. can be obtained under a comparatively
low head of about 30 feet, unaffected by the flood rise.  The cost, including
transmission to the works, is estimated to he about 10 lakhs for the powér
actually required, but it would seem preferable to so arrange that the whole
power can be developed. If the demand later on justifies it, and the tunnel
has been built (which would certainly be an advantage in constructing the
dam) then the larger project could subsequently be matured.  Certainly several
thousand h. p. could at once he uwsed for the Kalka-Siwmla Railway and other
requirements within easy reach.
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. Do hatolu gorge, 21 miles from Sarahan on the Hindustan-
Sutlej Rive: At B or & of a mile with a single drop of 30 feet

. taracts for ] .
Tibet road, there are f6 40 4howm’cr the rise of the river practically

. ine the monsoon } se of ' !
included. Dfl'lz:.llll;bso :t would only he possible to utilize it with a considerable
obscures the ’ The minimum perennial discharge will be of the order

for giving 8 head.
g?ml,f)g{) gto 2,000 cusecs

(Map 53 E, 14, 19)-

and the sitc appears promising, though remote.

Canal Falls, Punjab.

oiven are mostly the aormal full diseharges. Minima are being collected and

Note.— Discharsses Berial nubers refer toa map gn record in the Survey. alls loss than 8 feet not
. ter. Serial numbers
will be available la 3
jven.
¢ UprpPER JHELUM CANAT.
Normal ..
: . Head Minimum
Particulars. full o
Serial. Name of channel. R. D. v feet. discharse. discharge.
- N R
) E e g :‘
. —;{—/L’n:‘ 241,000  Fall \ 50 3,000 Sce note
1 | Man ) |
| 118,000 | Fall {combined) . . 20 11,000 See Note,
B> | 8 2,00 |
30 | F 2,048
3 | Gajmt Branch . 670 I Fall . . . J ( , |
i Do . 130 Do . . . 8 | 1,866 |
4 : ‘ l 3w
1 Do . 3,000 . Do. . . . . 8 | [,330
5 .
LoweR JuELUM CANAL.
: 342030 ! Fall® . . . . 3 1 201
! ‘\'nrthem Bank e - { 3 i 204
' 313,080 | Fall - Y
2 Do. | }c:\n be combined 4
3 Do. 343,580 | Do. Ll 100 204
. Do 344080 |Fall . . . . { 5 204
Ry -
5 |sulki Branch 13,526 { Do. . . . g 3 57
G ! Do. . 14,000 | Do. g oss) 34
TUrprkEr CiuENAB CANAL.
1 Main Line, lower .1 715,000 | Fall and bridge . . ’ 85 ‘ 9,070 l
g ‘ D 221,000 Do. 109 ' 7,880
LowEr CHENAB CANAL.
1 | Bhawana Branch . 7.500 Fall . . . . 092 b 423 -
g | Khewra Major 3,000 Do . . . . 87 314
i Dy. ; .
! Q. -
3 | Burala Branch 164,000 | Do. . . . ]2 350 vee
4 | Upper Gugera | 219,000 " Do. . . . . 85 850 s(.i tI:.T;;H
| Branch. : .
Uprkr BARI DoAB CANAL.
3 apids No. 3 and bridge . 8:3 ¢ 1,805 See Note
1, Salampur fecder 6,480 | Rapids No \ at end.

93 1,824

43,845 | Rapids No. 11 and bridge .

P Do. 1 !‘
Main Line 13,300 : Rapids No. 2 . . 80 ‘ 4,796
S Man O | ‘ ’
22,500 | Rapids No. 6 R
4 Do. . ; |

24,500 ‘\ Rapids No. 7 and bridge R0 4,779
24,500 |

|
5 Do. . | . 11 |
Do 23,500 i Rapids No. 9 ‘ 85 wl 4773
8 . \ A
31,500 | Rapids No. 11 . Ll R | 4,769
7 Do ) REt] ’ 5
N . P18 apids No. 8 . ol 92 1,774
s | Faridnagar feeder. 21829 | Rapids Ne | | F
D 97 697 | Rapids No. 10 and bridge . | w6 | 1,761
0. » “
' i
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UrreEr Bari DoaB CaNat—conid.
! T
Serial. | Name of channel. R D TParticulars. | H‘:?d ! lf\(l‘):;ll)l‘.al 3::?{,?,12‘
I d 151-11‘:11«::0.
N R - R S
10 | Main Line 54,500 Rapids No. 16 and bridge | 85 , 1,605
11 Do. . : 60,000 I Rapids No. 18 ! 85 4,605
12 Do. ' 92,142 ! Tughal rapid and bridge . 80 6,202
13 Do. 101,072 l Dhambai bridge and fall . 85 6,300
14 "Do. 114,100 [ N{guhunangul bridge and| 100 6,330
| Qll.
15 | Main  Dranch, & 42,349 l Dbariwal bridge andfall .| 110 | 4,270
16 '1 i 49,768 | Kunjer bridge and fall 90 | 4,200 |
17 ‘ Do. 123,500 | Aliwal regr. and fall 89 | 2,631 ‘
18 Lahore Branch 25,000 Sanchur bridge and fall T 100 | 1,080 |
19 | Do, 96,000 Rancywal bridge and fall g6 | 872
20 : Subraon Branch . 34,860 ;T}lﬁlle)l Walad bridge and 84 790 l
LowEgR Bar1 Doap CaNAL
1 | Main Line 1 329,058 an,11 and bridge . .| 8 4,201 | See Note
i . ) at end,
2 Do. I 193,769 Do. - ] 8 ! 3,774 |
SIRHIND CANAL,
1 | Abohar Branch ., 23,000 | Khanpur 8 2,406
2 Do. 47,000 | Chupki 8 | 2,888
3 Do. 69,500 | Ballowal 8 2,820
4 Do. 105,000 | Akalgarh 811 2,755
5 Do. 128,0)0 . 82 | 2,667
6 Do. 213,000 | Doodhar 100 | 2,396
7 Do. 254,000 | Gholia . ! 82| 1,957
8 Do. | 289,000 Chanowal ‘ g0 | 1,717 ;
9 | Do. | 332,600 | Samalsar X J 80 | 1,563
10 | Sulte] Nar. R [ 93,000 | Baraghar . O 99 100
1 Do. 10500 | Malba + . .l‘.l 100 | 400
12 . Bhatunda DBranch. } 33,250 ] Khatra ) l ] 2,020
13 Do. 58,900 "Jaghem . Joore ! 20m
14 Do. 81,800  Kanganwala . 01 1982
15 l Do. 128,000 ] Lohgarh . ,~ . I 8 g 1,770
m Do. 185,000 iChambh‘ni . . ' 10 » 1,661
17 Do. 277,060 | Ballohi . . . . l 86 } 1,039
18 Do. 307,000 | Sadhana . . . AR EOT
19 | Kotta Branch 15,010 | Dalowal . L 9| 1497
20 Do. 56,650 ' Solar Ny 8 1,414
2N Do. l 61,566 Banbhora . . E 8 1,400
29 Do. . 122,175  Nogra . o 81 1,008
23 Do, . ! 135,000 ‘ Harigarh . . . S { 847
24 De. i 215,000 lsal.oki . . .3-9) 604

Ve

Arr. XIIL] PUNJAB SITES. 99

SIRHIND CANATL—contd

. : Head Nurmaj Mini
Serial. { Name of channel. R. D. Particulars. y full Jlmmmuam
; feet. discharee discharge.
256 | Kotta Branch . 260,000 | Ralla . . . 85 517
26 | Ghaggar Braanch .0 23,000 | Thus . . . 1111 719
27 Do, . 55,000 | Nidampr . . . 8D 676
28 Do 135,000 | Sular . . . R0 311

WESTERY JUMNYA CANAL

168,000 ! Fatehpur . . . 88 1,241 ‘
‘ \

1 | Sirsa Branch

Of the above it has heen suggested by the Chief Engineer that the
50 foot fall on the Upper Jhelum Canal, serial 1, at R. D. 210,000, could he
employed usefully at Khewra Salt Mines and Dandot Collieries, hut the
clasure would bhe a drawback. This may, however, be reduced when the
Woolar Lake Barrage in Kashmir has been built. 8ir Louis Danec also
suggested the employment of this power for irrigation pumping to the tract
between the North Western Railway and the Upper Jhelum Canal, where the
closure would not matter, but the question of the sufficiency of the supply
for the rabi crop would have to he considered. The power available on
normal discharge is nearly 14000 c. h. p. but the minimum and period of
closure have not come to hand.

The 20 foot fall on the same eanal (serial 2) at R. D. 418,000 could be
used at Gujrat and Wazirabad, where some industries exist.  The power avail-
able on minimum discharge (subjeet to short closures) is 1,800 e. h. p.

The falls on the upper reaches of the Upper Bari Doaly Canal have heen
dealt with above in connection with the Ravi River. Serial 4 on the Lower
Chenab Canal was at one time proposed to he utilized for the “ Buchiana Lift
Project 7 of irrigation ; it is found however, that the area can probably be
commanded by gravitation flow.

There are the following areas of high land within reach of the power and
water of the Lower Bari Doab €anal, which could he used for irrigation
pumping, iz, Renala, 50,000 acres; Okara, 1,300 acres; Montgomery,
1,750 acres. The closure would not matter for this.

Apart from the pewer ascertained in these notes on canal falls, those
not specially mentioned would yield the following amounts on the discharges
eiven, Which ave mostly wormal and wot wmivimin discharges, viz. :—

Upper Jhelum Canal 4,000 ¢ h.p.

Tower - - . . . . . . . 3,300 ”

Upper Chenab s 14,500 .

Lower “ o . . . . . . . SO0 )

Upprer Bari Daoah IN000 totaly say . . . 46,000 »

~ Lower " " . . ) . . . . 5,800 3
Sirhind . . . . . . . . 32800 ’

Western Jumna . . : . ) . . . 1,000 »

Torar. 108,200 ’

The power in any particular instance may here he found by e. h. p.
__cusces > tall in feet.

12
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APPENDIX XIV.

Sites in the United Provinces.

Alaknanda.—(See also Bhagirathi River).—This river, also called the
Vishnuganga, has a catchment area of some 4,500 square miles and drops
5,000 feet in 16 miles between Badrinath and Vishnuprayag. The gorge 2%
miles above Rudraprayag would be difficult to develop and is very out of the
way ; but the river is snow fed and could undoubtedly be developed at a cost.
It is reported that the limestone cliffs of the gorge are 150 feet above the bed
of theriver at this place, where it takes a sharp bend. An old channel cuts
a chord across this bend, with the pilgrim route to Badrinath parallel to it.
The suggestion has been made that the old bed could be cut down to the present
water level and slutce gates constructed on it; the river could then be diverted
while a dam is built across the gorge. Presumably-a second dam of the same
height would be necessary across the cufting. Arrangements would be
required for passing timber over. A light railway to Karanprayag is under
consideration. (Map 53 J 15-16 or N 3).

Bakher Nadi—~Tributary of Belan, Mirzapur.—There is a reservoir site
here designed to hold 1,400 million cubic feet of water for irrigation purposes;
but as the catchment arca is 318 square miles with a good run-off and a rainfall
of about 40 inches it is helieved that 8,000 million cubic feet or more could he
reckoned on with a higher dam. Some 87 per cent. of the rain falls between
June and September. The Sirsi fall near by has a drop of 90 feet. The
project makes an admirable combined irrigation and power scheme, as the tail
waters could be stored lower down and yet above the canal.  The site appears
likely to yield at least 2,000 e.h.p. continuously, and probably much more.
It is worth further investigation. (Map 63 L 9).

Baur River.—Naini Tal District.—The minimum recorded discharge at
Dechauri is 9 cusecs and the stream is small and unpromising.  (Map 53 O 7).

Belan Nadi.—Mirzapur.—There is a possible reservoir site (unsurveyed),
believed capable of storing 5,000 million cubic fect, above the Mukha fall of 80
to 100 feet, 6 miles west of Ghorawal. It has so far not been examined as the
cost of the submerged villages and land would he high, hut it offers consider-
able possibilities for power (1,500 elip. or more) and irrigation combined.
The catchment area is about 250 square miles with a rainfall of about 40
inches, which practically all falls between June and September.  (Map 63
L 9, 10).

Bhagirathi River—Tributary of Ganges.—At the junction with the
Alaknanda, at Devaprayag, there are rapids with a perennial snow-fed discharge,
Reconnaissance is desirable, as the catchment is nearly +,000 square miles.
The President of the Council of Regency, Tehri-Garwhal State, has examined
this river and its tributaries beyond Barahat, and calls particular attention to
the Assi, which joins the main river 2 miles above that place. This is a peren-
nial stream, largely snow fed, and has a fall of some 1,275 feet in S miles in its
lower reaches, which are at an altitude of 6,000—7,000 feet, The estimated
discharge between the 1-4th and 20th May 1919, was 100 cusces.  The site is 10
miles from Dehra Dun.  (Map 53 J, 5, 6, 12).

Chandrapabha River.—Bcenares State.—There is a small storage site to
hold some 300 million cub. feet which was surveyed hut not procecded with,
A 200 foot fall is said to exist near Baraur. Site not identified, bhut probably
north of the Son River. The power possibilities appear small, though in
combination with irrigation it might be developed. A request to examine the
site has been received through Government. The rainfall is about 40 inches of
which about 31 inches fall between June and September. (Map 63 P).

Dabka River.—Naini Tal District.—The minimum recorded discharge is
10 cusecs at Kota, and the river only offers small prospects of power
apparently. No information as to falls. {Map 53 O 3).

Ganges River.—(See also Bhagirathi River).—It has been recommended
that levels should be taken from Rikhishesh up to Phul Chatti or beyond;
the latter region is believed to offer possibilities, but the harnessing of such a
river is likely to be very expensive. The site has not been identified at present,.
Being snow fed from the main Himalayan range there is of course enormous
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potential power in the river, and it is within the borders of British India,
though mostly unsurveyed.

Garai River~—Mirzapur.—For irrigation reasons this is said to be not
worth consideration, though a fall of 180 feet exists near the present dam.

Gaula River—XNaini Tal District.~The minimum recorded discharge at
Kathgodam is 82 cuxees while there are generally at least 100 cusecs through
the dry scason. The hills fall rapidly from the Bhim Tal District. It is
worth further prospecting.  Discharges are being taken.  (Map 53 O 11).

Gauna Lake.—Garwhal,—This was formed by the great landslip of 1893
and burst in 1894, but the lake is still very large (3 times the size of Naini
Tal Lake) and it might he possible to raise a dam there. The Birehi Ganga
flows thence to the Alaknanda.  (Site not identified).

Ghagar Nadi.—Mirzapur.—The water isall required for irrigation, so the
power cannot be utilized unless falls exist above the headworks, as to which
there is no information at present.

Jagei Lake.—Garhwal.—Tormed similarly to the Gauna Lake (q.v.)
and the same remarks apply. Snow fed. The Biera Ganga flows from it to
the Kaliganga. (Site not identified).

Jumna River.—The scheme of the United Provinces Power Association
(Major-General Beresford Lovett) mentioned in Table 5, was a double one.
The sites are at Jalanta and Binahar respectively. At the former site a double
loop was to be utilized hy making two short tunnels through the spur, a canal
joining up the tunnels, and giving a fall from R. L. 2,362 to 2,194 or say 168
feet gross.  The latter is a single loop, involving a 2 mile tunnel, giving a fall
from R. L. 1,953 to 1,698 or 255 feet. The existing concession is partly in
Tehri State.  Minimum discharge about 750 cusecs; snow fed from a very
large arca. The promotors of this scheme reckoned, after full investigation,
that they could obtain 26,000 e. h. p. at Binahar and 12,000 e. h. p. at Jalanta
at about one-third of the cost of the larger scheme. It is a matter for regret
that for various reasons these promising schemes had to he postponed ; it is to
be hoped that they are not abandoned.  (Map 53 17 14). e

Kalaunia Nadi—~This is reported as unlikely to he of any use. It is to
the west of the Sarda. _

Kaliganga River, Garhwal.—(See also Jagei Lake).—It has been sug-
gested that a large reservoir could he made near Launsari. The stream joins
the Kail and the Pindar. (Site not identified).

Kanhar River, tributary of Sone, right bank conditions similar to Rer
River (q. v.) and worth investigating. (Map 63 P. 3, 7, 8).

Karanauti, Khajuri, Dalaca and Jargo Nadis, Mirzapur District.—These
small nalas rise in the lower scarp of the Vindyas and flow north to the Ganges.
There are small storage sites and falls of from 50 feet upwards, hut in view of
the Dbetter sites in the district they are at present not worth more than record.
Some power however can doubtless he developed, and might be useful to the
neighhouring quarries, Rainfall about 40 inches, nearly all between June and
September. (Map 63 K 12).

Karamnase IRiver, Benares State—At Nangarh, 40 miles south of
Benares, there is a reservoir site investigated by the Irrigation Department
and found capable of storing 8,500 million cubic &b at a cost of 12 lakhs; as
an irrigation project it was abandoned. A smaller site holding 700 million
cubic feet was also located on the Gurwat tributary, 4 miles below Nangarh,
Near here there is said to be afall of 240 feel and another of 100 feet, on the way
down to Chakia, where the reservoir of the Benares State Canal is situated;
possibly they can he combined, The value to the State of the tail waters of
the proposed large reservoir, in keeping the existing irrigation reservoir always
supplied, is obvious.  The site seems likely to aftord at least 1,000 e. h. p. con-
tinnously within 40 miles of Benares, probably far more, and is well worth
further examination. Details of the sites are available in the Chisf Engineer’s
office. A request to examine the site has heen received through” 'Govélwnt
on hehalf of the Benares Darbar, and enquiries have heen made by Medshs.
Martin & Co. The rainfall is about 10 inches of which 41 inches fall betwedn
Jupe and September.  (Map 63 P.5). , e\ A

Keu Ricer, tributary of Jumna.—At Paind village, . Panna State, b:\low
junction with Sunai (Sonar &) there is a favourable reservoir site with a catch-
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ment arca of 5,700 square miles and a recorded flood discharge of 325,000 éLlSCCS
‘The site has not heen identified. (Map 51 P ). ) ’ .

Kol River, Garhwal.—This falls very low but does not dry up. About
4 miles above Dogadda (on the cart road to Lansdowne) a proméntory almost
closes the ravine, It was proposed some years ago to make a dam here to
generate power for a ropeway between Lansdowne and Dogadda, but the
project was dropped in 191!, Site not identified. (Map 53 K 9, 10+).

Kosi River, Naini Tal Distriet.—The minimum recorded discharge at
Ramnagar is 152 cusecs, and the dry weather flow is generally over 200 here ;
there are no gaugings higher up, where falls can certainly he developed. The
river is not fed from the perpetual snows, but rises in high altitudes in the
Almora district, with a rainfall of 50 to 100 inches. November and December
only have averages below an inch, though July to September gets most of the
rain. The river merits further investigation and is Deing gauged. Near
Hawalbagh it is reported that damming would be feasible and po?ver obtainable.
(Map 53,0).

Mussoorie.—In addition to the existing development for Mussoorie and
Dehra the Kamptee Falls on the Ringel Gad were mentioned and are to be
examined. The catchment is only about 4 square miles. The discharge in 1919
fell to 4°8 cusecs as there was considerable irrigation higher up. A fall of 896
feet can be obtained with a flume of 1,550 fect, and a regulating tank can he
built. The minimum discharge of the Bhatta, which supplies Mussooric (sec
Table 2) was 8 cusecs in 1919. The Rispana streamm had a minimum discharee
of -3'8 cusecs in 1919 and a fall down to Mukrat of 720 feet with a pipe line of
4,100 feet. The Aghlar stream is more considerable ; it lies between Mussoorie
and the range to the north. The discharge helow Tonata at the junction of the
Khakrana was 51 cusecs ; at the Bhilaru junction 41 cusees; hetween Kempti
and Bhilaru streams 65 cusecs; and at Kempti junction 41 cusecs. The
average fall is 150 feet per mile for ¢ miles. The country is difficult and
transport of machinery would be costly, but this river seems the best for the
M ussoorie-Dehra extensions.  (Map 53 J 3 7). l

Naini Tal Lake—The old proposal to utilize this lake for the supply of the
hill station is again under consideration of Government. A head of 1,600 to
1,350 feet can be obtained. 1t is proposed to instal 600 kilowatts (150 \:forkin"‘
and one spare set) at a cost of & lakhs. 'The storage avea, if a dam is built wiﬁ
be eonsiderable ; but the mud flats when the water is low mayv prove objec,tion-
able. (Map 330 7). )

Nandhawr Ricer, Naini Tal District.—The minimum recorded discharee
is 18 cusecs at Chorgallia canal headworks, while the average is considerali?
higher throughout the dry months, from 22 to 60 cusecs. Talls have not heen
located and the catchment is small.  Rainfall 50 to 100 inches, well distri-
buted. (Map 53 O 12, 16).

Nayar River, tributary of Ganges.—There is a waterfall in the Eastern
branch of this river near the Baijran-Kainur Road, 40 miles north-east of
Lansdowne (Garhwal). No details are known, but the rainfall in the laree
upper catchment is about 75 inches. A _plan exists, fully worked out f?)r
making an irrigation channel to take out of the Eastern Nayar, a little ahove
its junction with the Western Nayar, to run by a siphon under the latter and
then proceed along the Main Nayar to Banghat and Bilkhet. It is said to

be possible to adopt a similar project for power purposes at Bilkhet where there
is a broad piece of flat land and terraces with a fall of 50 feet. (Map 53 J 16;
K 9,13; N 1). o

Paisuni River—~Near Markundi station there is a fall of 150 feet. The
river dries up entirely, but the catchment is 175 square miles with a rainfall of
40 inches between June and September.  Storage sites may bhe found.  (Map
63 C 16; D 9, 13). ' A

Pindar River.—This snow fed river carries a large volume of water from
a very large catchment, and is said to he worth prospecting. It runs into the
Alaknanda. (Map 53 N). )

Ramgunga River—This rises in the Garhwal district. At Tarae Tal, in
the west Almora Forest Division, a landslip in former times bloeked ?he vn:llev

of a tributary and formed a lake; the embankment however is far from water-
tight. Below lere there is believed to be a fall ot 600 feet or more in 1% miles

e~
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The site is worth reconnaissance, hut is remote.  Catchment area of tributary
not known. Rainfall 30 to 75 inches. 'This is probably cither the Gauna
Lake (q. v.) or the Jagei Lake (q.v.) but the accounts received do not make
it clear. (Map 5301, 2,5,0.) 7

Rer River.—Tributary of Sone, right hank. (Rihand River in Atlas?).—
A perennial stream, once estimated as carrying 200 cusees in May, and there-
forc probably having a considerable hot weather discharge.  Runs in gorges
with alternate pools and rapids, but little known. Almost certainly has power,
and requires prospecting.  Rainfall 10 to 50 inches of which 93 per cent. falls
between June and October.  Map 63 L. 15, 16 and . 3, -1).

Sarascatiganga Rirer, Garhwal.—Two miles north of Badrinath this
river drops 300 feet where it passes through a narrow cleft, spanned by a
boulder over which the Tibetan trade route passes. The river is snow fed and
has a large hot weather discharge, but as the altitude is 11,000 feet it is unlikely
to be of any use. (Map 53 N 5.)

Sardah and Sarju Rivers. Naini Tal District. Details of gaugings are

available in the Chief BEagincer’s office, the river having been completely
surveyed for further canal projects. 'The river is snow fed and the water is
used Tor the Rohilkhand Canals; but falls can almost certainly be developed
above the head works, though they may prove to be out of British India, in
the kingdom of Nepal, of wiich the river appears to be the boundary. The
upper reaches of the Sardah are called the Sarju, and it is believed that power
could e obtained near Bageswar and Rameswar, for the projected ropeways in
the Almora District. Qnthe right bank, which is in British territory, the
Ledhia, Sarju, Gori, Dharma and Kuti flow in.  Of these the Sarju is partly
snow fed and has many rapids, and its feeder streams may possibly prove of
value also for forestry. The Gori is also snow fed, and should be an excellent
source of power, hut it is very remote. The Dharma and Kuti also rise in
olaciers but are even more out of the way. (Map 62C2,3,4,7,8.)
" Pous Rirer—Lonipur In Rewah State is mentioned, the river having a
atchment arca of 3,400 square miles in Baghelkhand and a flood discharge of
100,000 cusees.  Site not identified.  Higher up, at Poorwa, there is a fall of
100 feet, but here the catehment is reduced to 2,010 square miles.  Further up
still, at Cha-hai, 3 miles from Poorwa, there is stated to be a fall of 300 feet;
hut the dry weather dischargeis small and a reservoir site has not heen located.
The rainfall is about  t+ inches of which 41 inches fall between June and
September (Map 63 D or 11.)

Tons Rirer. Dehra Dul. A site is mentioned near Kalsi, where this joins
the Jummna (Map 53 ¥. 10 or 11).

Note (Gf—A fall report on the general features of Garhwal and its many streams has been received from the

Commissioner, Kumaon Division. The more prowmising have been eutered above, but the list will be useful to

the officer exawmining the districts

ANute (77 .—There is donhtless great power ift the
Budyar, Trisulganga and its tribataries, San Kosi and its tributaries.
any of these nvers.

Nepalese vivers Karnali (or Kaariala), Sarju, Rapti, Madi,
No data are however available regarding

Canal Falls, United Provinces.

Urrenr Gaxcges CavalL.

Anupshalr branch—

Anikas falls.—Minimum 150 cusees for 155 days. Fall 5 feet.

Bhagwan! pur folls.—Minimum 150 cusees tor 155 dayvs.  Llall 8 feet.

Malri falls——Minium 220 cusees for 160 days.  Fall 8 feet.

Jolhera falls~Minimum 230 cusees for 160 days. IFall & feet.

Dehai fulls.— Minimun 250 cusees for 160 days. Fall 12 feet.

Parichatgark falls aud regulolor.—Minimum 325 cusees for 170 days.
Fall &) feet.

Dhelavli falls—Minmum 300 cusees, but +00 cusees for 180 days.  Fall
74 feet,

;llcbtt/'plll-‘ falls.—Ninimum 300 cusees, but £00  for 180 days. Fall
SN feet.

Churiali falls.—Minimum 300 cusecs, hut 500 for 190 days. Fall 7 feet.

Note —The netal fow during nost of the year s much greater.



104 UNITED PROVINCES SITES. [Arr XTIV, .
Aligarh Division. /. .
/.. '
Machua falls—Minimum 600 cusees for 8 months.  IFall 2 feot. T S

Somera falls.—Minimum 600 cusces, but 500 for 8 monthe!  Fall 8 feet.
- Palra falls—Minimum 600 cusees, but 1,100 for 8 montis, - 'i‘ull 8 fect.

Bulandshahr Division,

Walipura falls—Minimum 600 cusecs, hut 1,300 for 9 months, Fall
5 feet. '
Sananta falls.—Minimum 600 cusecs, but 1,500 for 9 months. TFall
43 feet. '

Delra falls.—Minimum 600 cusces, but 1,700 for 9 months. Fall 7 feet.
Dasua f_’alls.—)[inimum GO0 cusecs, but 2,500 for 9 months, Tall 8to 9
feet, increasing with low supply.  Will give nearly 2,000 ¢. h. p
for 9 months. '

Meerut Division.

l}/zolaf(z{{s.—-}[inimum 600 cusees, hut 2,700 for O months,  Fall 12 feet.
Will give nearly 3,000 e h.p. for 9 months. 1t is anticipated
th.:tt this fall will he utilized in the near future for the supply
ol Meerut, hut 9111)' 750 Kilowatts (2ivire 500 kW with a spm:e ‘
.\ct)_ are to he Installed at a cost of about Rs. 5,00,000. The
project is now under consideration of the Local Government.  The
inlet channel will carry 600 cusces. S miles from Meerut,

Salawa f('t‘lls.—.-)[inimum 600 cusees, hut 2,900 for 9 months.  Fall 12 feot
Will give 3,000 ¢. h. p. for 9 months. h

C’kilaur‘nﬂrlls.':Minimum 600 cusees, but 3,000 for 9 months., Tall 10
feet.  Will give some 2,700 ¢. h. p. for 9 months.  Near Muzafter-
nagar. '

Jaulifal@.—}[inimum 600 cusees, but 3,506 for 9 months.  Fall 10 feet
Will give about 3,200 ¢. h. p. for 9 months.  Near Muzalle rn‘w-u-.

1 O(‘ .

*

Nerthern Division.

Nirgajui falls. —Minimum 600 cusees, hut 3,600 for 9 months,  Fall
12 feet. Will give about 1,000 ¢. h. p. for 9 monihs'u .
Muzaffernagar. -

Moicamamedpur falls.—Minimum 600 cusees but 3,750 for § months,  Fall
122 feet.  Will give over 4,000 ¢. h. p. for 9 months oo

Asqﬁm,(/m't/'({lls.—-Minimum 600 cusces, buat 3,500 for 9 .m(mihs Fall
10°7 feet.  'Will give 3,700 e. h. p. for 9 months.  Near J{O;;I‘I()IQ‘(I;

Pathr .f(l[l.,\'.———;\‘!l'nl.ll]ll]ll GOO cusecs, hut 4,500 for 10 wonths.  Fali i'()
feet.  Will give 1,700 ¢ h. p. for 10 months. Midway ])l-t
Roorkhee and Hardwar. te e

Near

Solempur ond Bahoduwrabad  folls.—\lready combined and utilized j
part.  Minimum 600 cusecs, hut [,500 for 10 months C(m‘;l i l‘li
fall 17 feet. Can bhe developed for nearly 7,000 ¢ il Vot )‘m((
months. < e tor 10

Ranipwr folls—Minimum 600 cusees, bat 1,500 for 10 wonths. Fall
9 feet.  Will give over 3,600 e. h. p. for 10 months. v

-
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Eastern Jumna Canal Upper Division.*

Belka bridge fall—Minimum 350 cusecs, but 740 for 9 months. Fall

, 141 feet.

Dialpuy fall —Same discharge;; fall 58 fect.

Nogla ?n'idge fall.—Minimum 350 cusecs, but 666 for 9 months. Tall

. T feet.
- Bahail fall.— Ditto.

Randoul fall—Same discharge ; fall 81 fect. |

Ghuna and Sarkari falls—Same discharge; might he combined to give
101 feet fall.

Hilapur bridge fall—-Minimum 350 cusecs, but 498 for 9 months. Fall
G feet.

Megcehaper fall.—Same discharge ; fall 44 feet.

Reri fall.—Same discharge; fall 3 feet.

Malri bridge fall—Same discharge ; fall 11 fect.

Salampur fall —Minimum 250 cusecs ; fall 56 feet.

% A1l the above have larger discharges as a rule, from 1,000 to 1,770 cusecs,

T.owkR Gaxais CANVAL

Bundell:hand Tract.

' Information not yet received.

CG‘TQC

On the minimum discharges the following power is available (in small
units) from these canals; on normal discharze for some 9 months 2 or3
times the amount could be obtained, iz i—

Urrkr Gavaes CANAL

Anupshalr Branch . . . . . . . 1,600 e. h. p.
Aligarh Branch . . . . . . . 12000,
Buland:shahy Branch . . . . . . 1,400
Meerut Branch 24000 )
Northern Division . : . . . . . 2900,
Fastgry Jvaxy Cavan . . . . . 2,400
Toran . . 11,900 ¢ h.p.

The power in any particular instance may here be found by e h. p.
__cusecs X fall in feet

1 . .
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