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ency of plant varies greatly according to its size and working conditions of
load, hut here again it is unnccessary to @o into fine detail. An overall ecffici-
ency from the water to the cleetric gencrator of 80 per cent will be taken as
the hasis in this Report. Thus the simple formula for the potential electrical
horse-power obtainable from any project is :
cusecs flow X head in feet
11
Further technical details will be found in Appendixes I and IV. As an
example, the following may be considered ;
(¢) Head or fall 1,000 feet; flow 11 cusees ; power 1,000 e. h. p.
(0) Head or fall 100 feet ; flow 110 cusecs ; power 1,000
(¢) Head or fall 10 feet; flow 1,100 cusecs ; power 1,000 -

e. h. p.-=

4]

9

2. Useless sources of water power.—Having considered the case 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
engincering considerations that must nccessarily prevail, and these are against
the utilization of such sources of power.- Inventors in modern times have long
heen 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 contrql
their fury ; but here there has heen no practical result, nof because the power 1s
~absent but because its utilization would generally be prohibitive in cost.
Again, tidal rivers are a fruitful source of disappointment. It may in favoura-
ble conditions be possible to impound the rising Wa.t.et: by a dam .a.nd thug t;o
obtain the benefit of a fall, both when the tide is rising and again when it is
falling; but apart from the enormous capital cost that v'vogldthgexﬁ;ltly bfl:
involved for a comparatively small amount of power there is te i l{mtah
difficulty that thére would be no power available when the wa f:rsf OtIIl1 )o11
sidos of the dam were at the same height. Once again, mindful o ; ffll ol
undershot water wheels that helped the windmills to erind the people’s our,
the possibilities of the great slow flowing rivers often appeal to the fancy as
sources of power; but here once more, though considerable power may De
ooing to waste, considerations of cost generally prevent any _pmctlcal use of the
r,owgr. It comes then to this, that in the absence of a definite and aver-present
fall of at least scveral 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 agents
such as coal and oil, which are dealt with later in this Report.

3. Adrtificial water falls.—~Strangely enough the possibilities that lie
between these extreme cases are often overlooked by the layman until atten-
tion is drawn to them, for the greater part of the world’s water power is now
obtained from what may be called artificial water falls. A stroll along the bed
of a hill nullah will demonstrate the cnormous power of water running down
a modcrate slope. Boulders the size of a house will he found insecurely perch-
cd 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
great rivers ; indeed the valleys themselves are sufficient evidence of the power
of water to do destructive work. It is the hydraulic engineer’s business 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 bed
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 bed
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. —

4. Reservoir projects.—So far the existence of a running strcam has been
postulated, but this may gencrally be supplemented, and somectimes replaced,
by storage of water at the top of the fall ; whether this js practicable depends



Tata Hydro Electric Works; 200 feet towers on transmission over tidal creek.



Coar. L] WATER POWER IN GENERAL. 3

y .
on the configuration of the ground in the first place and on the geological
formation when a possible rescrvoir site has heen located. Artificial regulat-
‘ing reservoirs of stone or concrete containing two or three hours’ reserve supply
against a break in a communicating channel or at the headworks are not 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 one hand
be barren waste or, on the other, highly cultivated land containing villages,
the inhabitants of which must he displaced and provided for elsewhere.

The hest example of this type of project is that of the Tata Hydro-electric
Power Supply Company in the Western Ghats, which is operated entirely from
water stored during the few monsoon months; this isregnlated to give the neces-
sary flow to the turhines through a fall of some 1,750 feet. Several other similar
projects are under construetion or investigation in the same district, but in
some localities where rescrvoir sites of large capacity can be traced on the map
the rocks are so fissured that a high dam would be useless. The most likely
arca for projects of this nature, after the Western Ghats, is the Cherrapunji
plateau in the Khasia Hills, where the rainfall over a small pateh of ground at
an elevation of more than 1,500 feet above the contiguious plains is enormous ;
surveys have not yet been undertaken, but a superficial examination of the ground
with an Abney level proved disappointing. Rescrvoirs of large size would
require high dams, and this particular arca is subject to scvere 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
catchment area. Unless there are feasible sites for flank escapes of sufficient
{mpacity it may he impossible to utilize this plateau, even if the dams can be
built. ‘

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

a‘lua.‘%i:vertheless storage on a moderate or even on a small scale may be in-
. ;‘mst Zra’ts a”i a'dJungt to a perennial stream. For whoreas power is for the
ﬁuctu’a%e dl:(l):ilny 1{'_}‘131‘11111@(1 for some 10 or 12 hoursa day, and the requirements
flow during thg12ls WOrklng day, the stream will flow on; so if the unutilized
2, '€ 14 or more idle hours can be stored it will allow at least double

;}:)?V%;&W.Oﬁ during the working hours, and will therefore double the amount of

_ 5. Combined irrigation and power projects.—India contains a vast system
of irrigation works in the form of canals fed both 1 rennial rivers and fror
storage lakes. Hitherto the combination of irri S o pow 1‘1ve dn
any great strides although a few O prigation and power has mot made
B ne of the b a‘vhoug ew canal falls have heen utilized and the

arnessing of the Periyar Lake has heen 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 only be run when the water is needed
for 'th(f crops, and, secondly, canals fed by silt bearing rivers have to be closed
periodically for repairs and cleaning out. To prevent breaches canals must
be closed when rain, sufficient to take care 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 be provided with keseapes
at any reasonable cost, if at all. So long as the power is being used to
pump water up to irrigate areas uncommanded by the canals themselves, or
to drain water-logged 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 be a serious matter
if hoth the capital and labour employed are kept idle for weeks. Reserve stcam
or oil plant may then be necessary, and this involves large additional capital

cost, -
(§]
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In any part of India where further irvigation works are needed there may
he an opening for the combination of these with power supply.  Where large
reservolrs are invalved this is evident, for the tail waters from the turbine®
may be discharged directly into canals. Tt is probable that, in order to got
suitable ground for such a canal, it may be necessary to sacrifice some
“head ” on the power plant 5 hut that can well be faced, as such a combined
project might pay where it would not do so if confined to cither irrigation or
power. The cost of the storage works would he met by hoth undertakings.
In the case of the canals fed by perennial rivers the same combination offers
attractions, Tlitherto, as pointed out at the Punjab Engineering  Congress in
1019, the possibility of utilizing canal falls for power purposes has no‘r1 heen
taken definitely into account in their design and layout; thus there will often
be several smatl falls in a few miles of canal where a single fall would have
heen  practicable and would have heen far better for power df‘,vol‘op nll]mil't. Itis
to he hoped that in future this will be horne in mind. Sc\’(‘li‘}} small falls are
however preferred for irrigation purposes on the score both of economy in cons-
truction and of facility of command. .

.- Descriptive Classificalion of icaler power.~T1laving cleared the ground
by explaining the “general idea” of water power the various types met with
mav now he further classitied.  In the first place a scheme may be developed
on’

(/) ahigh head

(i) a medium head

(izi) a low head.

There is no exact line of demarcation hetween these, except according to
the type of turbine wheel generally adopted. Thus high heads are those in
which the Pelton type of jet impulse turbine is used, generally from 300 or 100
foet up to the limit of nearly 5,000 feet 5 the flow of water required for a given
plant is here the minimum.  Low heads are those in which pressure or
reaction turbines are used, either completely submerged or with draft tubes,
extending from the lowest practicable Iimiit of about 3 Teet up to about SO feet
and requiring a very large volume of water.  Medium heads lie between  these
extremes and employ a variety of types of turbines, mostly impulse, hut
eenerally not of the Pelton type exeept in America.

‘ The second basis of classification is according to whether the water supply
is perennial, or from rescrvoirs, or a comhination of the two.

Yet again, there are various methods by which the head or fall is obtained,
Pig, i—

(@) A natural waterfall with merely a pipe line conveying the waters
from gbove the fall down fo the turbines in the power house
below it, as deseribed in the first paragraph.  This may be a high,
medium or low Tall, fod by a perennial stream, or storage, or hoth.

(B) An artificial fall ereated by a dam alowe, the water heing taken from
the upper level to the lower level through the turbines.  Some-
times the power station itself will be contained in the interior of a
hollow dam.  Sueh an arrangement. may be utilized for either a
medium or a low fall. A succession of rapids in o river is often
dealt with in this manner, and a canal fall is a special instance of
it also.  The water stored hehind 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
generally be permissible to use it for regulating purposes, as a few
feet of depth may be sufficient when utilized to allow the whole
incoming flow of the day to be used during the ordinary factory
hours.

(¢) Aun artificial fall, developed by tapping a perennial stream or a
reservoir at a high level and conveying the water ini an artificial
channel to a point where pipes can be taken down to a power house
at a 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
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may he either percunial, 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 ealvanized ivon 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 to 1 in 2,000. Somwetimes the stream will make a great
hair-pin bend, and a tunuel through the intervening spur will save
wiles of open channel and many feet of useful head, while avoiding
ground on which landslips may oceur and cause interruptions to
the supply.  Again, there way 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 offexing a far cheaper
development of the pipe line and a hetter 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 he tapped and channels from cach of
them led to a single point where there is a good fall. A percnnial
flow is almost invariably a feature of such schemes, hut this may be
supplemented by storage; and this storage cither may be of com-
paratively small amount at the top of the pipe line, for regulating
purposes, or may bhe 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 be 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 he
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 greab 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.  Innarrow channels this is particularly likely to oceur, so a gorge
is generally a bad location. '

The illustrations and layout maps in this Report illustrate varietics of
type (¢) above, as will be seen from the data relating to the Darjecling, Simla
and Tata works in Table 1, para. 23. Thus, at Darjecling (I'rontispicee and
Map 1) throe scparate hill streams are brought by small contour flumes
to*a masonry regulating 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 conercte flume to the masonry
regulating reservoir ; thence a closed conerete pipe leads to the forebay {rom
which the pressure pipes take off. In both these instances pereunial flow is
depended on, as the storage is only sufficient for a few hours; and scttling
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 poweér house. :

c?



CHAPTER II.—WEATHER AND WATER.

1. Incidence of rainfull—In certain important respeets India dilfers from
most countries whose natural resources in water power are now bheing  investi-
cabed 5 for the rainfall is scasonal, and during many months only occasional
thunderstorms  break the monotony of dry weather.  Generally speaking
there is the monsoon period and the dry period, hut in the South there are two
distinct monsoons, the South-West and the North-East.  The variations in the
rainfall in different parts of the country are 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 greatest ; especially in those
hills that first eateh the moisture laden winds from the sea.  The great central
plains of India mostly have low rainfall, but here comparatively little power
would in any case be found owing to the extremely small slope of the ground
and the great variations in the normal water levels.

The arid arca in the North-West covers mountainous distriets, mostly
trans-lrontier, and even if power were available it is doubtful if much use could
he made of it in such unsettled country.  This last consideration applies also to
various mountain ranges in the Northern Burma region, which are cither
“ Unadministered Arcas” or are inhabited by uncivilized tribes ; but in some
ol these areas there is good rainfall.

Tixcept in localities where storage on a very large scale is possible, such
as the Western (ihats 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
casc of the Jaldaka River in the Bengal Duars, a stream with considérable
possibilities ; it has a catchment arca in the ncighbourhood of 250 squarce miles
ahove the point where it enters the plains, and the annual rainfall is nobt less
than 150 inches ; probably it may average 200 inches. This nearly all falls
in the 7 months of April to October and amounts to some 75,000 1111}11011 cubice
feet, giving an average flow ol nearly 4,000 cusces and a maximum flow
cnormously greater.  Yeb the flow gauged in April 1919 was no more than 170
cusces.  Clearly in the absence of a phenomenal reservoir site—and the
Himalayas appear to afford few such—most of this water must run to waste.
Yurthermore the control of such a river, when a single day may bring 10
inches of rain or more, is no light problem ; and this is one of the smaller
rivers in the district, It serves however as a good example of many potential
sources of power.

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

8. Perennial and seasonal rivers— As the result of the conditions dis-
cussed in the preceding paragraph many of the rivers and streams of India fall
to a very low ebh, or dry up altogether in their higher reaches, hefore the end
of the dry season.  Where this is so development by monsoon storage is the
only method of getting continuous power, and this is 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 drying
and other processes is very large ; or for any purpose in combination with
reserve plant driven hy steam or other fuel. In either of these instances how-
ever the cost of the power will be higher than it would be if 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 ol the Himalayas are responsible for the hot weather
flow in most of the perennial rivers of Northern India, and may prove an asset
of immense value for industrial power just as they already are 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” 8/L0u£llc blanche) in other parts of India, and such per-
cnnial streams as exist are spring fed.  Burma is especially well oft in this res-
pecet, 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 heing
able to supplement the flow with storage in ground so badly fissured. The
disadvantage attaching to the Himalayvan snows is that they lic alimost exclu-
sively in trans-frontier regions, and exhaust most of their fall to the plains
in Kashmir, Tibet, Nepal, Sikkim and Bhuatan.  The boundary lies for the most
part near the foot-hills, and while the water can be used thercafter for
irrigation it has recached 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 for a moment. Clearly all the rain that
falls in a given catchment arca will not at once (if ever) find its way to the
stream in the valley ; some will evaporate altogether, or sink into the ground
to feed springs in other catchments, 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 strcam in the slight-
est degree.  Again, if the ground is stecp, 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-ofl.

If the rainfall over a particular catchment arca in any period is known,
and the stream Howing from it can be gauged, the pereentage of run-off can
at onee be caleulated for the conditions obtaining during that period; but
the rain-gauge readings must be taken at a number of points in the catchment
—the more the better—in order to ascertain the actual amount of precipitation.
In addition to the very large differences of average rainfall in different
countrics and localities, and the great variations from the average in particular
years, the distribution of the fall month by month and day by day must be
taken into account.  Minimun discharges onsmall catchments may vary for 5
fold in different years, and arc extremely difficult to caleulate ; a long series
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. Intelligent guesswork of this nature presupposes
knowledge of local conditions and long experience.

Formulwe for calculating the maximun run-off from a catchment have been
devised by many Lngincers, but they all employ coefficients which it is impos-
sible to ascertain without a comprchensive study of the nature of the arca and
the rainfall.* It may however be accepted that a study of the daily rainfall
obscrvations over a period of 30 years will give a fairly accurate idea of the
conditions which are likely to occur in future, andif different percentages of
run-off are assumed for light, medium and heavy falls, depending on the nature
of the catchment, a fairly accurate forecast can be made.

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

Light falls under 3, inch in 24 hours should be entirely omitted unless
continuous for several days ; falls from % inch to 1 inch in 24 hours should be
omitted if there has been no fall before or after. Falls from 1 inch to 1} inch,
when not followed or preceded by similar or greater amounts, are considered
light.

Medivm falls are those from 1 inch to 14 inch when followed or preceded
by any but light falls ; also all falls from 1jinch to 3 inches.

* 3eo chapters on ** Rainfall ” and *“ Maximum flow off & catchment” in Buckley’s “Irrigation Pocket

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

Table showing percentage run-off assumerd.

A B C b K
Light falls . : . . I 3 i 10 15
Medium falls . . . 10 15 20 25 53
Heavy falls . . . . 20 B . ] ) 70 -

A =ilat cultivated and Dlack cotton soil catelent.

B=flat partly cultivated and stiff soils.

C=average catchment.

D=hills and plains with little cultivition.

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

Obviously such a classification would he unsuitable in most parts of Buvope
or Amcrica, but it brings out clearly the nature of the variations to he met with
in a particular locality. .\ thunderstorm with a rainfall of 3 inelin 20 minufes
would give double or treble the run-oft of the same  tall spread over a day 3 hut
nearly all rainfall observations give the daily fall and noi the hourly infensity.
The classification of daily rainfall over a_ long period sounds a serious proposi-
tion, hut is really a matter of clerical Iabour only.  Uwing to the disturbing
elfeet, of hills, ete. isolated observations at one point of a cateliment may he very
misleading 5 henee the necessity  of many  sauging stations wherever possible,
Rainfall contour maps arc only useful as a general guide, unless prepared on a
large seale 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 catehment areas vary in nature
from waste sand to steep rocky country.  In some parts the ground is highly
cultivated or coverced with dense forest, while inothers there is hardly any soil
or vegetation ; the soil itself varies from the stiffest elay to the lightest loam or
sand.  With these variables it is casy to realize that the run-oft must vary
greatly and is incapable of trcatment by any general formula of wniversal
applicability.

Loaporation and percolelion.—Apart from the fact that a considerable
. pereentage of rainfall is evaporated hefore it reaches the big rvivers, as well as
from their surface, the question of evaporation arises wherever long canals or
large storage reservoirs are employed.  The actual amount of evaporation varies
so much that no general figure would be of the slightest value; in India it
may be as much as G fect in the year, but for details of many known reservoirs
Buckley's ¢ Irrigation Pocket Book ” may he referred fo.  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 obviously be determined in each
casc as it arises.

Where rivers arc fed from the highest mountains the precipitation is
largely in the form of spow, and the immediate run-off is stall 5 the melting of
the snow from about April onwards coincides with the driest scason, and thus
tends both dircctly to equalize the flow of the rivers and alsoto feed distant
springs. At times however the more sudden melting of the snowshrings
down heavy floods, whether due to rainfall, as on the nort h-west trontier, or
to hot winds, as in the Himalayas further cast. ‘Lo a certain extent also level
marshy ground has an equalizing cffect, acting as a sponge :m(l.this property
may be very valuable as it can in somc cases be reproduced artificially by a
series of low embankments and terraces.

10. The measurement of a discharge— Wherever a stream offers possihili-
ties of water power it is necessary to ascertain the minimum flow of water in it ;
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 iu the cold weather of 191% it may
not recur for a long time. A cyele of about 30 years ix 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 then be ohtained by exa-
mination of rainfall rceords in the neighbourhood, especially if the average
run-off is known. To the skilled observer the method of taking a discharge
is familiar ; the usnal constants will be found in Appendix IL. Many persons
not aceustomed to this work—especially Forest officers and followers of Isaac
Walton—may, however, he able to render invaluable help by estimating the
flow of streams in out-of-the-way places. The amount of water in cubic feet por
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
veloceity in fect per second.

Where the correct methods and co-efficients to he 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 pools, and mark off with pegs any convenient length of
fairly wniform width. Then measure as accurately as possible the width of the
stream, and find the everage 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 crrors.
Then the run or length in feet divided by the average time in seconds gives
the velocity on the surface. Then the cross-seetional area in square feet mul-
tiplied by the surface velocity in feet per sccond 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 scconds 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-scctional
area of 60 square fect. The surface velocity will then he 2 feet asccond and

. 2 feet n second x 60 square feet .
the discharge PRSI R 2 GO cusees.

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

It sometimes happens that soundings cannot be taken in unfordable hill
streams, and anotlter very rough method which has proved of occasional use may
he mentioned. Gaugings were rvequived of a river, partly snow fed, at its
junction with a smaller hill stream. The discharge of the latter was safisfac-
torily determined, but that of the former could not be measared.  The temper-
atare of the larger river was found to be 607 that of the smallerone 617; and
of the combined river some little way down stream 61°. Then the volume of the
Jarge stream is thrice that of the smaller, for

coxs v = 180
Gix1 = 64
4 into 244 gives 617,

i



CHAPTER III.—LOCALITIES AND SURVEYS,

11. Geographical consideralions—Leaving aside for the present the canal
falls and low river falls that it may be possible to develop in the plains a
vlance 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.  Perpetual 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 1, 52, 53, 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 Afehanistan 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 Westerp
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  (zide rainfall map). Sheet 78 also contains the Khasia hill
group, with high plateaux and great rainfall.

(#7) The West coast, comprising the hills from the Aravali Range in
Udaipur, the whole of the Western Ghats, the Nilgiri ITills, and
on down to Cape Comorin (Atlas sheets 15, 46, 17, 48, 49, and the
Western part of 58 ; sheets 40 and 11 have no high ground and
scanty rainfall).

The East coast from the Tastern Ghats and Ganjam down to Cape

Comorin. Atlas sheets 57, 58, 65, 66, 73, 7i; sheet 79 which

includes Caleutta offers nothing exeept 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 3t The Central Provinces have
considerable possibilitics in the areas shown in Atlas sheets 55
(comprising the Chhindwara arca) and 61, while the Bundelkhand
and Baghelkhand hills on sheet 63 also merit further investigation.
ITyderabad and the surrounding districts on sheet 5G also have
considerable elevation, but the rainfall is precarious and there does
not appear to he much indication of steep falls to the lower ground.

(p) Practically the whole of Burma, hoth the coast line and the nterior
up to the Shan States, offer great possibilities, especially as there
are far more perennial rivers and streams here than elsewhere.
(Atlas sheets 81, 85, 93, 91, 95, 96, 102).

(iii

—

12. Maps and exisling surveys.—The Atlas sheets of India, which have
heen 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, bhut many
stil remain to be done ; and, of those issued, a large number are not  contoured
but only show hills by “form lines ” or “hill shading.” Torm 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-
ly on even a 1 inch contoured map. Hill shading is valueless for the purpose.
1t is particularly unfortunate to this investigation that so many of the most
likely hills have hitherto not been mapped in detail, though it is quite natural
that the more civilized areas should have been done first.  For water power
will as often as not he found in remote and inaccessible hill jungles, of
inferest only to the sportsman and the Forest Officer.  Forest maps, on a scale
of 4 inches to the mile, contoured at 500 foot intervals with intervening form

Cuar. I11.] LOCALITIES AND SURVEYS. , 11

lines, are available for considerable tracts of ecountry, including much high
ground that may contain water power.  Where this is so these maps are in-
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 arcas.
In addition to the above there are certain areas mapped on the scale ot 2 inches
to the mile ; and the tracing out of contours 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 great 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 ecasily happen that a useful fall or
a promising reservoir site is missed. A 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 is shown by the distance between
the contour lines.  The closer the lines are the steeper the country
will be found.

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

(c) Absence of village sites and roadsor 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 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 generally be guessed by a con-
parison of the catchment arcas at the two places.

(F) By a study of the naturc of the valleys and the hill sides, a fair idea
can he obtained of the general nature of the country, and its possi-
bilities with reference to rescrvoir sites, slopes of the stream, and
places where an artificial fall for power purposes can be found.

(9) When a stream makes a long hair-pin bend, it is frequently possible
to obtain a good fall by diverting the water in a tunnel across the
neck of the bend.  Several miles of a river can sometimes in this
manner be replaced by a short cut diversion of a few furlongs.

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

(¢) By tracing a contour line along both banks of a stream, {rom any
point that appears favourable for the hcad works of a power
scheme, some idea can be obtained as to the possibility of carrying
an open channel along to where there is a steep fall.  Often one
bank is much more favourable than the other, owing to the absence
of clifls or large nullahs which would have to he crossed or to very
bad rock, as on the Jhelum Valley road, where the clay is found
now on one bank and again on the other.

Where no contoured map can be obtained it is impossible to decide
whether a development is practicable or not without a speecial survey, a
lengthy and expensive matter.  An examination of the ground by a trained
observer, who knows what to look for, with an Abney level, a pair of aneroid
barometers, and a thermometer, will however generally indicate whether such
a survey is likely to be justified or not. This however is not likely to be of
much value except in cases where the minimum discharge of the stream iy
already known—and it rarcly is--unless undertaken in the driest period of
the year, when gauging of the flow can be combined with examination of the
ground and the rough determination of heights.

13. Aneroid surveying.—Yor the guidance of any person who may be able
to examine new sites for water power it iay be explained that while a
mere record of the difference in height between two stations as given by an

- aneroid—i.e. between a possible head works and a power house sile—is of

value, the “reduction ” of such observations is not a difficult matter. If the
D



12 LOCALITIES AND SULRVEYN. | Cuavr. 111

date and hour of cach observation and the temperatures are rvecorded the re-
ductions can be made when observations have been sent in. - An aneroid (and
a mercury barometer for that matter) measures the atmospherie pressure, not
the relative or absolute height of the station; but surveying ancroids are cali-
brated in feet of altitude as well as ininches of mercury, and the difference of
two readings is an indication of the difference of level of the stations.  They are
normally compensated for the varying density of air at different  temperatures,
so that theoretically the varying temperature of the instrument itself should
not alfeet its reading so long as the almospleric temperature and pressure
remain constant.  This  however, is far from being the case in practice,
as may be seen by heating up an instrument.  Furthermore a jar may
casily cause a large index error.  Where differcnce of altitude can be quickly
measured several times in suceession, without exposing the instrument to large
changes of temperature, results correct to a few feet can be obtained; where
liowever the readings are spread over a day’s work in the sun diserepancies of
as much as 100 feet may be found after reduction, even in the work of a skilled
observer, especially in the intermediate readings during the day’s march.
There are two corrections to he made :—

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

of the readings, including the diurnal variation ;

(0) for the temperature of the air.

As regards the former, the best method is to have two ancroids, one of
which is kept at one point and read at intervals, so that any rise or fall may be
allowed for in the readings of the other.  'This however "is scldom practicable,
and the alternative is to apply the average correction for the diurnal variation
for India given in Molesworth’s © Pocket Book ” under the heading ¢ Aneroid
levelling. ”  Lor all practical purposes one inch may be taken as cquivalent
to 1,000 feet.  This correction may amount to as much as 50 feot cither way.
It negleets any actual changes due to depressions, ete., which can however he
obtained from the daily weather reports; but if readings are taken at the start
of cach day these are seldom ol importance.

The temperature correction depends on the added temperatures at the two
stations of obscrvation, so these should be recorded at each rmdlng-_‘ "l‘hc
difference in height of the readings (assuming the aneroid to he graduated in fect)
has to be multiplicd by a constant which will he found in Moleswogti; (loc.
cit), varying from unity at T+t=04" . up to 1-137 where 1+t=dlt28' ook

As an éxample is always preferable to a reference o rules .an\ ox 1 ‘i("b
the records and reduction of part of an actual survey aro given in Appendix IIL

TR

CHAPTER IV.—POWER AND ITS USES.

14, Census of power used in Indie.—In connection with the hydrographic
surveys and coal conservation enquiries in various parts of the world endea-
vours have bcen made to ascertain the approximate amount of power used.
Thus in the Preliminary Report of the Water Power Committee of the
Conjoint 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 clectrie lighting

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

This includes all steam, gas and water power.

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

United Kingdom . . R .13 million horse power.
Continental Europe . . . o2, »
United States . . . . 29, s
British Dominions and dependencies . .6, »
Asia and South America . . 3, 5

Enquiries were set on foot at an early 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 power, 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 eent. was obtained from water
power¥. The total units generated amounted to only 550 millions. For
demonstrating  the backward state of electrical developmont the following
comparison with other parts of the Empire will be of interest.  The wabts
installed per head of populationt are as follows :—

Watls per capita,

Canada . . . . . . . 118

Australasin . . . . . 2

South Africa . . . . . . 07

British fsles . . . . . . 33 = 1 ondinary glow lamp,
India . . . . . . Under 1

I population be a poor criterion let the arca per kilowatt (13 horse power)
installed speak :-— .
British Tsles . . . Y square mile per kilowatt,
South Africa . R A s »
*5 sguare miles per kilowatt.

Canada Ris!

) .
India A . . R U » o ’» . .
Australasia . . 11, 5 o 5 Largely uninhabited.

The following figures 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 Electrical Undertakings in India, 1916-17.
T A project for providing the Punjab with a cheap supply of Electric Power "5 F. L. Milne, A.M.LE.E.
(Proceedings of the Punjab Engineering Congress, 1919,)
D2
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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 power)— Brake horse power.

Cachar . . . . . . . . 4,940
Darrung . . . . . . . . 2,980
Haligang . . . . . . . 600
Kamrup . . . . . . . . 290
Lakhimpur . . . . . . . ) 5,268
Sibsagor, Goalpara, Khasta and Jaintia ITills, Nowgong . 4,619
South Sylhet . . . . . . . 700
Sylhet . . . . . . . 3,153

Torar o 22,550

Bengnl—

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

] Brake hovse power. | Brake horse power,
Bakargan] . . . . 42 [ Malda . . . . . 12
Birbhnm . . . . 34 | Midnapore . . . . 2,750
Buardwan . . . . 15,31 ’ Murshidalad . . . 80
Ca!cutta area® | . . cexeluded | Mymensingh . . 45
Chittagong . . . 697 ’ Nadia . . . . . B30
Dacea . . . . . Niko Pabma . , . . 26
D{Lr)g(']mg . . . . LS21 1 Rajshahi | . . . . G
Dinajpur . . . . o5 | Rangpur . . : . . 29
Favidpur . . . . . 12 I Tippera . . . : . 239
Jalpaiguri . . . R T W11 ’ _

| Tora. . 25,318

1 - e) . v
The Caleutta Industrial area has the following known power, riz. :

Jute  Mills about  8$5.000 b. L. -
Cotton ,, “ 75,000,

160,000 "
In addition it contains the following

. number of works, of which the power
has not been estimated (—

Bone Mills . . . . 8 Miscollancons . } 9
Chemieal works . . 1] Oil Mills T
Cotbon presses . . - Paper Mills N:Z
Distilleries . . . .2 Rice Mills 7
Engineering works . . T Rope works 5
Flour Mills . . .11 Suw Mills 4
Glass work . . . . | Ship vards 8
Teo Factories . . . L2 Soap Wworks 7
Jute presses . 1y Sugar Factories |

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

Dihar und Orfssu—

Except for the coal mines, which obviously do not require water power
there are not many factories in this provinee ; and the low cost of coal and of
waste gases in the steel works would, in any case, militate against the sub-
stitution of water-power. The indigo industry employs very little plant and
that only for a very short period annually. There are suear factories
mostly small, in Darbhanga, Saran, Champaran and Muzall'zul;ur 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,
Monghyr District contains a tobacco factory using 200 horse-power and the
East India Railway Workshops using 2,000 llorse-i)m\*er. Darbhanga District
has the Bengal and North-Western Railway works using 125 horse-power and
in addition to the sugar mills mentioned above there are proposals for large rice

mills. These however, following Rangoon practice, will probably use their own
refuse for steam raising.

* The Caleutta Industrial area includes the districts of Caleutta, 24 Parganas, I[ooglniy and Howrah,
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)
Bombay (10 out of 14 districts ; Bombay City not inehuded) — Brake horse power.

Ahmednagar . . . . . . . 7.73
Belgaum . . . . . . . . . (()l)()
Bijapur . . . . . . . . . 1,000
Dharwar . . . . . . . . . 1,0:::1
Kast Khandesh A,SH.:)
Kanara . . . . » . . . . 29
Kolaba . . . . . . . . . v

: "Nasik . . . . . . . . . ;:(»()
Poona (including electricity) . . . . . 1,830
Ratnagiri . . . . . . . . .
Satara . . . . . . . . . 140
Sholapur . . . . . . . . . 8,620
Thana . . . . . . . . . 5,906

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

Torar . 32,872

As there are about 10 times as many Cotton mills in Bombay and Ahmed-
nagar as in Bengal, it may safely be assumed that 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 hy the Tata hydro-electric
works.

Burma—

The Electric 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 Tramways also use
paddy husk; at present the clinker, which is almost pure silica, finds no
market, but it may be used hercafter 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 he 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
but this is being arranged for by the companies concerned, who will use their
oil for fuel. 'This is the case now, but at preserit every well has its own steam
enging, with oil-fired hoiler, and a comprehensive clectrical distribution seheme
will effect great cconomy in fuel consumption.

Central Provinces—

Brake horse power, Brake horse power,

Akola . . . . . 1,986 Nagpur . . ) . . 6,173
Amraoti . . . . . 4501 Nimar . . . . 2,665
Balaghat . . . . 50 Narsinghpur . . . . a4
Bhandara ., . . . 20 Raipur . . . . . 50
Bilaspur . . . . 110 Saugor . . . . 20
Buldana . . . . . 3,018 Seont -, . . . . ]
Chanda . . . . . 12 Wardha . . . . . 3,839
Chhindwara Cs, . . S8 Yoeotmal | . . . . 1,900
Hoshangabad . . . . Hod —_
Jubbulpore . . . . 1,120 Total . 32,773
Mandla . . . 11

Madras—

Disvricr. Brake horse power.
Bellary . . 3,232 ‘
Chingleput . . 1,783 70 rice nllills; 0 irrigation plants; 2 water works;
2 others. :
Chittoor . . 217 7 rice mills; 8 irrigation plants ; 1 metal works,
Cuddapah . ., 1,162 31 gins and decorticators; one irrigation plant, 2
water works ; 3 others.

Ganjam . . 591 7 rice mills; 6 others.

Godavery . . 3,220 59 rice mills ; 4 ginning.

Guntur . . 2,096 24 rice mills; 15 ginning ; 4 others.

Kistna . . 7,532

Kurnool . . 1,388 5 presses; 26 ginning ; 2 oil mills ; 5 others.

Malabar . . 4,149 16 tea factories ; 12 brick and tile; 35 various.

Madura . . 812

Nellore . . 917 21 rice mills; b others,
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Madras—contd.

Disrricr. Brake horse power.

North Arcot . . 1,810

Ramnad . . 1,088 95 rice mills; 9 ginning ; 1 clectrie.
"Sonth Areot . . 1,227 58 drrigation plants ; 35 rice mills ; 7 others,
Tinnevelly . . 4,824 20 ginning ; 6 rice mills; 18 others.
Trichinopoly . . 1.149 47 rvice mills; 18 irvigation plants ; F others.
Vizagapatam . . 1,571 O rice mills; 17 various.

ToraL . 30,5068

North-West Frontier Provinee —~

No returns reccived.

Pl (Steam only) — Brake horse power.
Ambala . . . . . . . . . 1,020
Anmvitsar (exeluding electvieity and oil) . . . 1,763
Bhitak . . . . . . . . . Lau
Dera Ghazt Khan . : ) . . . . 186
Gujranwala . . ) . . . . . 78l
Gurdaspur . . . . . . . . Hoo
Glurgaon . . . . . . . . G
Ilissar . . . . . . . . AU
Jhelum . . . . . . . . )
Karnal . . . . . . . . Hos
Lalore (exeluding eleetricity) . . . . . 2,533
TLudhiana . . . . . . . . 1,285
Lyallpur . . . . . .o 1,191
Xultan . . . . . . . . 1,060
Atuza fferparh . . . . . . . . 120
Rawalpindi . . . . . . . . P
Shahpur . . . . . . . . S8l
Sialkot . . . . . . . . 9284
Simla (exchuding clectricity) . . . . . 130

Torat . 15,591

United Prorinees —

Brake horse power. Brake horse power.
Agra . . . . . 2,814 Jullanm . . . . . 387
Aligarh . . . . . 1,685 Jaunpur * . . . .
Allahabad . . : . 1,615 Jhanst . . . . . 255
Almora . . . . . 84 Khert . . . . . 52
Badaun . . . . . 272 Timeknow . } . . 2,001
Bahraich . . . . 203 Mainpari . . . . 306
Banda . . . . . 264 Meerut . . . . 702
Barabanki . . : . 186 Mirzapur . . . . 388
Bareilly . ; . . . 1,207 Moradabad \ . . . 1,138
Benares . . L . 1,797 Muzuffernagar . . . . 317
Bijpor . . . . . 213 Muttra . . . . 810
Bulandshahr . . . . 1,458 Naini 'Tal . . . ) 432
Cawnpore . . ) . 8,2G Nowgong . . . . H3
Dehra Dun R . ) . ) Philibhit . . . . 535
Etah ) . . . . 500 Partabgarh . . . . 65
Etawah . . . . 780 Rai Bareilly . . . . 60
F arukhabad . . . . 361 Saharanpur . . . . 1,176
Fatehpur . . . . 106 Shahjehanpur . . . ) 940
Fyzabad . . . : . 238 Sitapur . : . 323
Gonda . . . . . 311 Sultanpur \ , . . 21
Gorakpur . . . . 2,1 tUinao . . . . . 506
Hamirpur ) . . . 77 R
Hathras . . . . . 1,627 Total . 38,548
Hardoi . . . . . 350 —_——

This is exclusive of public electric supply and Military Works power
stations but includes minor electric installations.
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Semmarj— Brake horse power.
Assam . . . . . . 22,650 )
Bengal . . . . . . . 25,318 exclusive Caleutta area.
Calcutta arca . . . . . 176,200 . o
Bihar . . . . . . P 2,325 apurt from collieries, cte.
Bombay Presidency . . . . 32,872
Bombay City arca . . 4 . 750,000 S
Burma . . . . B . . 17,750 exclusive of rice mils, cte.
Central Provinees . . . . . 32,773
Madras . . . . . . 39,b68
North-West Frontier Provinee . .

Punjab . . . . . . 15,734 stean only.
. United Provinees . . . . . 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 electric power is available, the Report of the
Indian Industrial Commission must be referred to. The “Industrial Hand-
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; clectrie welding,
now extensively employed; the production of aluminium from alumina,
prepared from the local bauxite deposits ; the manutacture of calcium carbide
and its innumerable derivatives; the direct fixation of atmospheric nitrogen
into the nitrates of commerce ; the cleetrolytic production of chlorine gas and
the preparation of phosphorus and of abrasives like carborundum. Al 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 ol these raw materials.  In some cases
the process 1s clectro-chemical, in others electro-thiermal, but in all cheap power
and large scale production are essential to success. 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-metallurgy and clectro-chemistry have rendered it possible to
handle materials not *workable by any other weans; have made
available new materials ; and have greatly cheapened the production
of many important materials of wide use. Aluminium, calcium
carbide, chromium, cyanide, silicon, carborundwmn, are products
rendered commercially possible only by electrical processes, while
alkalies, hypochlorite, phosphorus, magnesium, and sodium nitrate
are preduced most economieally by such processes. Great develop-
ments have recently taken place in the production of electrolytic
copper and zinc and in processes for the electric smelting and refining
of metallic ores.

All these processes demand relatively 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 encrgy used at the end of 1915 for electric
furnaces in the United States alone was approximately 300,000
electric horse-power.

Nitrogen Fixation.—In the utilization of atmospheric nitrogen for the
production of nitric acid and the manufacture of nitrates, great
developments have taken place during the last decade, and in
Norway alone over 400,000 electric horse-power is now absorbed in
its production. The world’s annual consumption of nitrogen i its
various combinations is about 750,000 tons, representing a value of
about £50,000,000 and this demand is increasing yearly. Four-fifths
of this supply has been produced hitherto from natural nitrate -
deposits, but in view of the rapid depletion of these deposits, and of
the diminution in the fertility of most of the great wheat and cotton-
growing areas of the world, the production of artificial fertilize.s
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 constmption of fertilizers amounts to
close upon 6,000,000 {ous per arnan, and this \\'fll 1)1‘()1)‘1])]‘\' Dc
d(mblffd within the wext 20 ';\'vurs. To-dav, the (\ﬂl('ivncvk()l'wthc;
electrical production is low, amounting in the case of caleium nitrate
to nbo.uf threc-gquarters of a ton per electrie horse-power year ‘B
adopting the evanamide process the consumption of energy m'm b}é
cut down toabout one-fourth, bt even in this case the ])1‘(;‘{[10“(())1’1 of

the equivalent. of 12,000,000 tons of fertilizers per annum would

. require 1,000,000 continuous electric horse-power.

It is eshnmh;l that the 260,000,000 acres of arable land in Canada alone
ITTHAY ul.tun:xtul,v require some 10,000,000 tons of nitrates per annun
to maintain their fertility, and this in itself would necessitate the
absorption of an appreciable portion of the whole bhydraulic encrgy

i of the Dominion. )

When to these demands are added those of India, Australia and Africa
it is evident {hat the fertilizer demand of the Empire will in itscli'
call for an enormous supply of cnergy.”’

, Apart from ordinary town supply for eleetric lighting, heatine and fang
zttllqu supply to tramways and railways (especially hill lines) for traction pur os .
ot . o IR s J ' Ses
i ere iulc many other industries in which electric power would he wol(-omlcd L'Sl"
} tioa (1cntm.1wte with other forms, and in any area where rvas'on'mhl/y chewl)
fxyl r0-¢ LCt;ltll(J development is possible within transmission distance this mlcct(sl
) N ) ' ) . 3 ¥ D [ )k' 3=
ul compe 1t'lun Is stmply a matter of relative costs.  To take one instance ;
. i L [4'eY . s . % ! M 3 ' ’ . ‘ ‘ ) lll
El:i ccmgg:\zlf} 111»‘c]1’y bllldl.l arca of the Duars, within easy reach of water ])();\:cn-
\\r-()l.'idnu: ,I:L‘ (da \af qiv., in chapter 6), it is estimated that fuel cquivalent to ;
workir ;ro&(:wti(())n% [)'()I\lt %00;.0()0 hz)rse-power, is used in the tea factories ; pzu'USr
. on ot power Trom steam engine 1 ‘or i ‘
with hot air and fans.  Both the 111(?;:;5 11lé;(l)l\l‘ttsl, I‘iuti ntllm“llytlo'l ARV
ot rionllv - 3f 3 ' : er and the hot air can be obtaine
clectrically ; it is merely ¢ st i D, e htained
\ ; a question of comparative costs istri
ectrica . ; costs.  Other tea districts
are ar situate A vy , ca distri
driveb};nl))lldl-lly tb}tuattd. Again, the cotton mills of Bombay are 1;0\\’ IIIO\‘E}tb
on by cleetric motors fed from the Tata scheme, which bave repl ‘y
engines. There may, given che: ’ e teplaced steam
jutbp TR miﬁ/, bt" u; chieap ]enough power, be a similar opening for
S s, timber working, sugar producti Aping
hr ndust i e tmber working, - snga production, paper pulping and
cle;t ricn;];;;;z L(tb.\ leht tw ot.}sctis of rival conditions that make 01! mz%r zlt l?vdro
. ' presentiy be examined ; namely, tl iti Ween
Lot Oject 3 ned ; namely, the competition betwee
L}Ll and water and that between the freight on materials a,ndlzl > trans sston
of pawer. a 1¢ transmission
As regards p ing for irrigati
have 1)eel101;121dcl &;f:llgiﬁ:(i);n nng_atxolr;} purposes, somewhat wild suggestions
. . > 1Impression that “ water power sty e,
115 very unlikely that such pumping will pay on any I\V‘ttLCI‘ f?m?;tb t]lw?chmg' 1 ¥
al e 1) if 19 ) ‘ 1 ‘
z lcn{x:and:ld, where the lift is af all great. It has alrcady bcL:n sho“z'tn - b(13
1 1:1" )un el ?avoumblc conditions the overall efficiency from wugcr t n'll 1'2:1‘1 l
rorse-power ab the generator terminals will be about 85 per By way of
oxamplo ot 8 708 i | . ve aboutb 80 per cent. By way of
distribubine irrieati pumping head of 100 fect, from the source of water o the
1stributing rigation channel, be assumed ; this is pro ¥ economic
limit, but as the power taken is pr'lctiw’lly bpbpwt)'nblyl Opor e weonomic
n : : . acbred roporfional to the hea
tﬁiinlilef an\ .be ILCOnst.luctC(} }Ol‘ any lower value. Assume further tl(}ttfhg
ou t;l iswl Oguf bzconld (z,{z., 12»;,— gallons or 125 1s. per sccond) is to e )lll;l yed
: &rb‘ eet, a )sorl‘nng 227 theoretical water horse-power A 1modler
burl ine lIl»ump in these cireumstances will have an efficiency of 75 to 77 per o ngl
r AAY WA - ¢ e - J T ’ ) ‘
and will require abeut 30 brake horse-power to drive it. The elcctrlic tor
thx%{“lr this mechanical power will have an eficiency of about 90 per ’ t m& mt;
1 . I< 3 Y Yoy W .3 e} 3 ‘ h v cens. so bl
ne;v‘{ ! t‘alxa some 53°2 electric horse-power at its terminals.  If a transformerl; ;
€s.s.dxy1f 15 input into it from the line will then be about 3% electric horseb
;I:é): hel. 1e ttrgnsnussu;n lossels arce taken at 10 per cent. the line must be fed
¢ power station with 38 clectric hors Lhere i :
y horse-power.  If {here is ransf
B gy Dower Sltion W D e _ . 1f there 1s no transformer
here the gc thizslt;)(:l)\g ;Eli:la) HP lﬂui fgl{)}tlut of power, and on the overall cfficiency
. - will use 117 theoretical water hors 7
ssu . wrse-power.  Thus the
rop 1 use _ . us Lh
ggg; all eg'icze;z,fy /]; 01;& watfz Jalling to water raised will be pl)'(ecticctlly 60 pe;
. under the bhest conditions. The capi
nf. ' . wpital charges on the cost of th
with its housing, i (s Dines. £ S 0ost of the motor
ug, its pump and its pipes, together with a share of the charges on
&
v
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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 litt of the pump werce 10 feet instead
of 100 then ten times the amount of water could be pumped for the same
power, and ten times the aereage irrigated. The proposition would then
become more practicable.

Experimental work in sub-soil pumping by means of tube wells has for
some years heen in progress at Amrvitsar, Punjab; see table 2. Sir John
Benton, K.CLE., late Inspector General of Trrigation, took up the matter
with keen intercst 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 possibilitics 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 sce 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 construet ; and
all it saves is the cost of fuel, which is only one factor in the cost of gencrating
power. Staft and stores, office and legal expenses, repairs and depreciatioh
are incurred in botl. Thus while the actual comparison will be between the
yrice at which electricity can be sold in both cases the real criterion of success
is whether the capital charges for interest and depreciation on the excess 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. _

«Tt, is obyious that large capital expenditure is necessary on the hydraulie
development ; furthermore as water power must he developed where it is found
a long transmission line is often necessary.  Ior 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 interest and  deprecia-
tion arc correspondingly higher.

« Against this may be set the fact that the running costs of such a stationt
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 lightly
loaded ; it is practically « fixzed sum per ainum ; so that the cost per unit is
practically proportional to the total number of units generated. This is not so
with fuel-consuming stations. Every extra unit cenerated 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 means proportional to the total umits. In any
particular case therefore the {)1'qqt_iggbi_1;ty__gf a hydro-electric scheme depends
on the cost of fuclin the locality where the power is. wanted.
~ @5 fake 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 hydro-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.

“ Tet the cost of a steam plant of the same capacity, built where the power
is actually needed, be 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 samnc in both cases
(an assumption near enough to the truth) there will bhe the difference between
Rs. 5,00,000 and Rs. 1,560,000 or Rs. 8,50,000 to set off against the cost of fuel
for steam raising. Under the ideal conditions of large electro-chemical
works this plant, allowing 1,000 kilowatts to be kept for spare and therefore
4,000 for work, would generate about 28 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 theload factor of the plant (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 s, of Indian coal will he required
per unit, with modern plant of large size, the consumption would he 25,000
tons tor 28 million and 10,700 tons for 12 million units. As the amount
available to make the costs just halance out between steam and water power is
Rs. 8,50,000 it follows that with the larger output coal at Iis. 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-clectric power increases. Bearing in mind the vast
diffevence in the cost of fuel in different parts of India, due mainly to railway
treight, it will also be seen that the distance from fuel supplics is a very
material factor.  With coal under Rs. 10 per ton it is doubtful it 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 Iis. 30 a ton, water power would generally prove cheaper and, for a well-
sustained industrial load, invariably. Between thesc limits proper estimafing
would be necessary.”

A map* kas heen 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 increased, and that heavily,
by the cost of carriage by road. A point which it is desirable to cmphasize
here is that in certain circumstances water power may be of imumense value
whether it be within reach of ¢heap fuel or hundreds of miles from it; <.e.
where it is required not for existing industries but for a new cleetro-chemical
or electro-thermal industry. These, working almost continuously at full load
(é.c., witha load factor of 90 per cent. or wmore), must go where there is cheap
water power ; and when 50,000 horse-power or more is being developed a very
%al‘gg capital expenditure on dams and other hydraulic works can readily be
aced.

7. 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 inereased 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 exeerpt from the article
in the Munitions Board’s ““ Industrial Tlandbook, 1919,” quoted in the preceding
paragraph, explains the matter more fully.

“ Where electro-chemical industries on a large scale ave 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 sccond 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 coustruction on a
large scale is reasonably cheap ; where the locality is such that the freight of
the plant and materials thercto 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 wse. 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 year.

* Not received at the time of going to Press.
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“ In considering the value of sites that may possibly meet those ideal
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 fo the railway terminus, Cheap
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 a 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 clectrical transmission of power has now reached
the stage where it is possible to have the factory 250 miles 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. Tven 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 erect 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 b_e 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 transmission in that the ridges
form nature’s own supports for the lines; with comparatively small towers
the valleys offer pleuty of room for the dip of the wires on long spans. It also
follows that Ly reducing the number of points of support, by the use of long
spans, there are fewer points at which damage from lightning can occur. The
loss in transmission can be made almost as laroe or as small as the designer
chooses, according to the size of the wires used ; ordinarily 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 more 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 unit 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 aliffost 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 hydro-electric Schemes—While it must never
be forgotten that generalities and averages in engineering problems are
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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 extregle water power will gencrally have the field to
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To bring home the fact that the examples given must not be relied on
except to establish a prineiple 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 Tepresents the best side of
the case for fuel. 1f an average consumption of 3 times the amount, or 44 1bs.
per electric horse-power per hour, be assumed it will still he better than most
Indian power stations can command. Load factors on these stations are mostly
of the order of 40 per cent. If the same process of calculation he adopted for
these new values the result is to raise the permissible cost of hydranlic develop-

‘ . _ 5
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i lv. Onthe 3 assumed costs per ton the outlay may mnow be
111{;311 tﬁ?i%ljSlg{esl:ai),‘_)}:m and Rs. 1,008 for a station at site; Rs. 510, Rs. 1,070 :md
Rs. 1,674, with a 50 mile transmission : Rs. foL(), .Rs_. 980 and Rs. 1’020’.
with a 100 mile transmission. The curves can, it desired, be cxtended to shO}\'
these new limits ; and the facts of any specific case will probably then lie
within the area of the limits of each. P



CHAPTER V.—CONTROL OF WATER POWER.

19.  State conlrol and assistance—~—The British Water Power Committee
expresses a strong opinion in tavour 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 most 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 Canada 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 cnacted lengthy legislation in
relation to water conservation, but 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 recently 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 acquire any undertaking after the expirvation
of 25 years, and at the end of any subsequent period of five years.

¥ It should be recognized, however, that while it is essential that the State
should have the right of ultimate purchase, the period ot such pur-
chase should not be unduly short or the terms too onerous. It 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 suitable for one part of India may be the reverse
elsewhere. Thus in Bombay it is recognized that the chain of great projeets
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 both the capital, the business
organization and the engincering talent required. The help of Government
however is required in such matters as land aequisition and water rights,
transmission routes and so forth.

Elsewhere it is gencrally considered that morce direct Government assistance
will be required. At prescut 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 that
led to this impasse it has undoubtedly had a deterrent effect on similar enter-
prise elsewhere. There may be cases where the carrying out of a project by
Government may be advisable, if investigation proves that the indirect benefit
to the country of cheap power will counterbalance a comparatively small return
on the capital invested in the power scheme. Generally however the trend is
rather in the direction of a Government guarantee of interest during construc-
tion and of a minimum return thereafter, which would be recouped, in successful
undertakings, by seme form of sliding scale or profit sharing, or both. In
certain provinces indeed it seems likely that the capital itself may have to he
provided by Government as a loan, on similar terms to municipal loans, with a
period of repayment equal to the probable economic life of the plant, .e., nearer
20 than the customary 30 years ; but here again a guarantee of a minimum
interest on the one hand and a share of the excess profits over a moderate return
on the other hand may be essential if the dependant industries are to be fostered.
The principles of Government aid which have been set down should, it is consi-
dered, only apply to the development of water power («¢) by a public utility
company or (b) for the purpose of an industry in which Government has a
particular interest or (¢) for an industry which it is particularly desired to
foster. A company developing power for its own factories, not coming under
heads (B) or (c), would not usually require helyp.

The further question of indirect encouragement to power concerns by a
guarantee to take the products of the industries using the power, on- the analogy
of that given to the Tata Iron and Steel Co., has also been suggested ; hut this
is bevond the scope of the present report. Direct Government control of a
power scheme, once established, beyond that required for the purposes of finance,
is generally deprecated. Attention was called on more than one occasion to the
fact that Government is apt to be unwilling to scrap antiquated plant, although
by so doing ultimate economy would result. This eriticism also applies to a con-
siderable extent to British firms, especially as compared with American practice.

In Madras certain flourishing industries were started as demonstration
plants by Government and then handed over to companies as “ going concerns”’ ;
the reverse of the ordinary plan that renders a privately started public utility
undertaking liable to eventual purchase by Government or a local authority..
Each plan has its good points. The suggestion that pioneer hydro-electric plants
should be laid down by Government in favourable localities was mooted on
several occasions.  As a matter of fact most of the existing plants in India have
Leen highly successful, and further demonstration seems hardly necessary except
perhaps in localitics far removed from the present installations. On the other
hand, the risk of loss is small and the indirect gain in a well thought out scheme
is certain. It comes to this then, that, whether by means of pioneer installa-
tions or by guarantees to private companies, direct Government aid is asked for
practically everywhere except in the Western Ghats. The late Chief Engineer
of this Survey was himself strongly in favour of 2ol courses, and the present
writer agrees with him. It may be mentioned here that the IHydro-Electric

Power Commission of Ontario proposes to expend no less than £2,897,000 on
12 power stations at various places in the Province.

As regards Governinent assistance in the preliminary investigation, and
even in the detailed survey of sites there is no difference of opinion. To what
extent this is necessary or will be given remains to be settled by Government,
but any help of this sort will certainly be welcomed. The cost of the prelimi-
nary investigation of a site that may prove worthless is very considerable.
Again, as regards roads, railways and communications generally, the public
naturally looks to Goverpment for help. Before any site can be developed for
power it is necessary to be able to convey plant and material there, and the cost
of making a long mountain road might easily wreck a promising scheme.

The Water Power Resources Committee of the Board of Trade (a different
body to the Committee of the Conjoint Board of Scientific Societies referred to
elsewhere) in their Preliminary Report make the following remarks which,
mutatis mutandis, are to a great extent applicable in India :

“ From a broad review of the position, it is abundantly clear to the
Committee that, in the development of the water power resources
T
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of the United Kingdom, certain fundamental principles must be
observed. For instance :—

(@) The whole of a watershed must he 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 being
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 give consideration to some ‘of these rg:qulrements

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

(¢) A part of the availal ile power must be reserved for use by
the local population within-the watershed, both for present
requirements and also for prospective devel_opmentzs.

It is important to remember, however, that in the case of
large water powers considerably in excess of !ocal require-
meunts, it would not, in general, be commercially practica-
ble 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
practically a continuous supply throughout the ycar.

There are two outstanding factors which have heen prominent
in arresting the wider development of water power schemes
on a large scale in this country, namely :—

(¢) The costly, protracted, and inefficicnt 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 be obviated. .

With recard to the question of multiplicity of interests, there

. is no doubt whatever that the powers now vested in
-numerous Departments, Boards and other hodies concern-
ed with different aspects of the water problem require
thorough revision and co-ordination. Many of the exist-
ing interests are, or may be, opponents of water power
developments, and if proper use is to be made of the
valuable national asset represented by the potential water
power resources of the United Kingdom, the need of a
simple, inexpensive and expeditions procedure for adjust-
ing the claims of the several interests is vital.”

20. Charges for water power.—The Government in India atready has the
control referred to in the cxtracts 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 he charged. In at least one instance
a rate was initially suggested which would have been 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 purposes 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

* It may remove misunderstanding to point out that in the case of irrigation canals the charge made to
the cultivator is based not only on the amount of water used, but primarily on the crops which argsraised and
on the acreage irvigated.

-
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quantity of water will produce under 1,000 feet head one hundred times as

much power as on a 10 foot canal fall. Any charge based on the horse-power

developed or the number of units generated must therefore he illogical. It is

suggested that as a general principle the charge for the momentary use of the

water should be a nominal one, and that the revenue should be based on the

principle of profit-sharing between the State and the promotor; a suggestion

supported by the British Water Power Committee in their concluding remarks

(p- 3 supra). Exceptions may however possibly arise in special circumstances.

Thus, where power is generated from water running in canals constructed for

irrigation purposes, not only is the power concern utilizing works already

partly constructed but also it may happen that at times water is passed down
when not required for the land. In the general interests of the community,

which benefits by cheap power as well as by irrigation, it is doubtful if much
more should be charged in this case, and it should in any case proceed from

the profits of the undertaking and nof from the sale of water. A much
stronger case however is that of reservoir projects. There may be many

instances where the cost of & new reservoir would only be justified for the
combined purposes of power and irrigation; and in these circumstances the
capital cost would naturally be proportioned between the two works. Similarly,
if an existing reservoir is used for power purposes the promoters of the under-

taking have the use of works, constructed at great cost, without which their

project could not materialize. A somewhat higher charge would then be

justifiable, even in the form of a charge for the water, since the utility of the

reservoir for its prime function of irrigation might be affected.

In California a fee is paid on application for water and also every year after-
wards. Mr. Barlow recorded-his opinion that ““ The latter charge is unfair and
tends to retard the development of water projects for the reason that it penali-
zes new projects, as old acquired rights pay nothing. The interests of the
State would be better scrved by the development due to the greater use of water
than by the collection of small swms annually for the use of the water.”

R1. Leases and agreemenis—TUnder existing regulations, the sanction of
the Secretary of State is necessary for the granting of any concession—

(@) 1f the concession is intended to endure for more than 10 years and
is not accompanied by an unconditional power of revocation or
cancellation and imposes on the revenues of India an annual liability
in excess of Rs. 80,000 ; or

(0) Imposes on such revenues, expenditure or liability to damages in
o
excess of Rs. 12,00,000 ; or

(¢) Involves the cession of property or rights estimated in value at more’
than Rs. 12,00,000 ;

and the sanction of the Indian Government is necessary—

(?) If the period Jin clause (¢) exceeds five years and the liability
Rs. 6,000

(¢6) 1f the sum in clauses () and (¢) exceeds Rs. 100,000
Below these amounts the local Government can sanction the concession.

.

A certain number of actual or draft agreements for the use of water
power have been collected, but the legal form which a lease should take
cannot be considered in detail in this Preliminary Report, as it is
highly complex and requires more information than is at present
available. To delay publication for this would be a mistake, as the reconnais-
sance of new sites and the survey of known oncs is at present far more essential
than the consideration of the manner of their subsequent employment.
Certain general principles have been laid down by the Government of India
regarding the grant of concessions which involve monopolies of production and
supply (Commerce and Trade. Resolution 1456-216 A of 16th April 1916).
Water power and electricity however do not appear to have been specifically
considered in this connection, as the Resolution appearcd rather to relate to

F2
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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
30 years 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 he made for a concession ordinarily, except
perhaps a recovery of the cost of any survey work undertaken by Government
beforehand. Where 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,

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 he
necessarily applicable ; but foresight is required if good sites are not
to be spoiled by partial development.

even though it may have to pay a slightly enhanced rate for it. Furthermore () Eﬁxlstﬁn% \\(*)a:te.r 1'1%1111’58‘ an(i dfutu(n)ec u’mg{‘m"ol(;n ]ilenﬁnl;iqs Gl?ift Jfblﬂtﬁe:
a company which is to serve the general public should be of greater value to "ua:r (?' y OF, 1N .(i .lfl’tl. ‘Yol S 1 b oncesfsul)l SHouiC dor Dll % [ U9
,, the State than one which is serving its own interests only. Where the claims rrisa ‘IOIE POSSILLIL Iebl l‘ana d een Tllll y corllfl _(‘:m('.‘.. Eff:htas {:’[.
Yof two applicants who wish to float a public company have to be decided bet- matter o course, s zlmdwa,ylsd Oue.ff Che mnz;fﬁ)nlptaua,]‘l tl ];O“ s} (1)
i ween, the concession will ordinarily be given to the one who obtains a license pr;vatée fpelﬁmés Wlo 4 bri se ﬁ) m o ?'111 agy - u‘“u J 1‘% o "” vhole
S‘under the Indian Electricity Act from the Local Government concerned. The gx en .? a fy ro-c} ec “‘i schlme t"I'l t.bbnefl_ajdy fﬁy ctnl')‘la(f:eﬂa
granting of this rests entirely with the Local Government, but it may be ’ te\?rb'ml es ob a clannei'. ¢ 1¢ u tltlz‘a 10,11?110 1et ";L}f ‘Z.a ors ol £ e
emphasized that it should De allotted to the applicant who is prepared to f\u 10€S 18 &‘éné).re eom,I;l‘l(éa te( malelﬁ ; 18 mos'lel e‘; 1‘?6.1’031 ‘101{
offer the hest terms to the general public, rather than preferential terms to the ) or al powerkbl T) on ml(ti.’ d)e Isucil ) 12 ] a, %’ﬁsgl ) eﬂg u;e {:a.na‘
Government. The latter invariably react on the private consumer. The sxflpp y wou 13 e.'(]re(t)lpar l‘/if 1d ?ftfl 1 c?i‘he; etc;)n tevns t(;lm‘.[?b
" same condition should, it is considered, also govern the grant of concessions for o pov ‘Zr df"n. u{”a& ton 5 ouﬂ(l é reshex " otu lf)x tﬂn- ?lu (1“ y
the use of water power. The claims of two competitors who both wish to ‘ 1]1)1.,eleste ’ 1tn ot z.e., by the txovernment ttsell rather than by a
develop water power for a purely industrial purpose should be settled, if epartment. ) ‘ .
possible, in the same way according to the conditions and rates under which (d) Power should De taken in any leass granted to determine the
they propose to sell their products to the public. , same should the lesscs stop using or not make sufficient use
The conditions under which a concession for the use of water power should of the water power, provided that there are other applicants for
be granted to a public utility company should, it is considered, vary from those its use. .
made for a company concerned with a particular industry. The works of the . ) .
former can always in the last resort be taken over by a local authority or the ~ The position as regards payments to Government by publie utility compa-
Local Government under the provisions of the Indian Electricity Act, and can nies may be summzd up in two propositions.
he continued in use and developed for the use of the public in the case of First.—A company which is brought into existence for the good of ths
mismanagement or the insolvency of the concessionnaire. The deposit of a public is already .doing a public service, and should not be burdened with
\ security, when once the works are in operation, does not therefore appear special taxes on its construction or working which will inevitably be passed on
necessary in the case of a licensed company ; nor are any special provisions to the consumer.

required for the removal of the works on the expiry or determination of the
lease. In the case however of a concession for a purely industrial purpose,
seeing that Government must be consulted as to how the site shall be developed,
it appears necessary that the lease shall stipulate for the removal of any works
that may interfere with theuse of the power by other persons on the final

Secondly.—Such a public utility company should ba given every facility
to fight its early struggles, and only when it has achieved a position of pros-
perity should Government step in to share the profits ; and then only with dus
regard to the consumer’s prospects of a cheaper supply.

expiry of the lease or in case of its determination for breach of the conditions It is very dtg‘swa,ble.m the interests of British Trade that British Stanlacds
imposed. Here it would seem desirable that Government should hold a of pressure and requency should be adopted.m all fature hy dyo_-electrlc work,
substantial deposit to enable it to enforce the carryidg out of any such orders, and the suggestion is put forward that this should be a condition of all leases

in case .other applicants might be prepared to develop the site in a different and agreements for the development of water power.
Wav. The Standard Frequency of the British Engineering Standards Com-
’ : ’ mittee is 50 periods per second, with 25 periods as a secondary standard to
The dangers to be guarded against in giving a concession are :— meet special cases such as electric traction. For the latter work even lower

frequencies have sometimes been used.
(@) The concessionnaire may merely hold his lease until he is bought

out by a company. This is not in itself necessarily an evil, so long The Standard Pressures of the Committee are as follows :—
as power is retained to cancel the lease if work has not been begun » . . i natine) . —
and completed within a reasonable time. In order to prevent dog- : Sm)_& dard low pressures (c?utmuous a,n(} alternating).
in-the-manger inaction, a substantial deposit should probably be () at the generator, 115, 230, 460, 525V ; ,
required, on which interest would be paid. This deposit should he (#) at consumer’s terminals, 110, 220, 440, 500 V. Subsidiary standard
liable to be forfeited if work is not put in hand and carried through in J-phase circuits, 380 V between the principal conductors, giving
within a reasonable time, especially if any other applicant is in 220 'V between any one conductor and the neutral.
the field.
(&) The site may be ruined by partial development. . In the case of Standard high pressures (alternating) at generator terminals :—
every public utility company it should be a condition that the (it4) 2,200, 8,300, 6,600, 11,000 V.

L e ot Sandard_prinary pressres for altermativg curent taasformer
If this conditi ld render the initial development too costl ~ -measured at primary terminals :—
is condition would render the initi pmen : y (i) 2,000, 3,000, 6,000, 10,000 V.

&
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Standard secondary pressures for alternating current transformers
measured at the secondary terminals :— )

(v) 115, 230, 160, 525 V at no load.

(vi) Standard continuous curren! pressure for tramways, measured at
motor, 500 V,

\

Although the Conmmittee did not go heyond 11,000 V, pressures of 15,000,
80,000 volts and upwards are used for transmission of power.

-

CHAPTER VI.-THE WATER POWER RESOURCES OF INDIA.

22. No estimate of the toral 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 he obtained ; no doubt a
succession of fallsamounting in the aggregate 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 elevation, the vast volume of water flowing down
to the great rivers must mostly remain unused. TFor example, there is an area
in the Khasia and Jaintia hills, alveady referred to, of some 1,200 or more
square miles area, with a rainfall varying from a mean of 410 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. 1In the first place
however a 4,000 foot drop could not be 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. Waler power af present developed.—Table 2 shows the principle
details germane to this Report of the water powers already developed for efec-
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 te 111,860 electric horse power (83,000 k.W.) and the cost of installation
(asfar as it has been ascertained) of the hydraulic works, pipe lines, power house,
plant and switchgear 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. 8d. to-day and may rise further.

*

[TABLE 2
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Table 2. —Existing hydro-
Bengal. Bombay. “ Burma. Kaghmir.
|
Undertaking . . Darjecling | Bhatghar | Gokak Tata H. I. | Burma Kanbauk | Jammu |[Jhelum
Munici-| Dam. Water P. 8, Co.,/ Ruby Wol- Power | Power }
pality. Power Ltd. Mines. fram Instal-} Instal-
" Co. | Mine. | lation.| lation. |
Location 3 miles |3  miles ﬁ}okak, W.| Western i Mogok Near Jammu, | Mohora
from town., from Ghats. Ghats. ‘ - Tavoy.] Tawi.
Bhor. (
Source of water Hitl Lake Monsoon | Jaynee and] Sin Yat | Ranbir | Rapids
' streams, Whiting. rain, I Javbu Chaung.| canal. in Jhe-
tributary stored. | sbreams. lum
of Run- } River.
! geet. ! |
Minimum 1>el'qn11ial flow of ! 10 ‘ 150 MNg! \ 30 A7l 500 4,000
source (cubic feet per. j .
second). { !
{ Main ; Nl 5,312 0,884 | Nil 82 Nit Nil
l Olillions {
cubic feet). | J ’
Storage 4 i | |
! Regulating | 16 o 14 ny) Nl Nl Small
(Hours T. L.
L supply.) ? f
l
Gross head (feet) 275 | 46 to 301 | 1,725 205 | 2,180 26 395
‘ 650 i
o P
Length of open cliannel or 29 . i 4G | Nil XNil N 64
canal (Miles). ‘
Capacity of special channcl Small _f 4S80 560
(Cusecs). i
Length of pipe line (feet) 17:20 13,000 . 2,250 | 15,3201 N4l 750
,430 ! :
| 3 .i :
(Installed | 6OV 30U, 2,100 67,000 500 500 910 5,360 F
e hop) | k4
i \ | 3
Capacity of< For full 600 3,000 67,000 560 750 1,340 | 20,000 §
Plant. develop- } .
ment : ( 4
L (e lup) ' !
|
Cost of hydraulic develop-- 420 400 | 495 1,560 317 565
ment, power louse and | | Y
plant, excluding trans- | | .
mission and beyond. | ) (
(Rs. per K.W. not e. L. p.},
Remarks . . | Twoplants | Furt her See plan f
| in series,| stora ge and plate.’
bhydrauli-{ contem- .
cally,up-! plated ! ’
per tail| with a ! ‘
race led | new dam; i H
to lower | 24,000 : {‘
reservoir,| m. c. ft. |
See plan ‘
| and Plate. :
{ L
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o Streams,

Madras.

Government
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Factory.

| Karteri, Nil-

giris,

mm

3

Two lakes 9
and 12.

Nit

Nil

Nl
2130
1,350

1,350

Upper and
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1,580  ft.
long.
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lower lake
¥ reduced by
2 silting.

Mysore,

Cauvery
Power
Scheme.

Sivasamu-
dram.

Cauvery

Palls.

100 without
storage ;
890  at
present.
BUY

il

410 to 4206
17,000

1,600

450 to 1,100
22,650

- 32,000

300

Krishna-
ajasagara
Reservoir
now partly
available
for power.

North-West
Frontier
Provinee.

Malakliand

canal.

Malakand

Canal
diversion,

350

630

See Table
2 alxo.

Patiala.

Patiala
1. 1.

Scheme.

Nidampur

Ghagar
Branch,
Sivhind
canal.

Hho

Nid

1\'}/

Dot

N

430

40

Resepve
steam
plant;
full
supply
for 260
days a
year.

Puanjab,

Amritsar
| R O OO
Warke,

Near Amwre-
ritsar,

Trall
Bavi
l)u:lh
canal,

in

1,050 for
240 days.

- Nl

ANl

6io 07
Hllul‘f.l“\'(‘l’-
sfon,
2300
N
270

TO0

630

Used for
subsorl
pumping
for trei-
gation,

|
New Eger- ! Simla
{on \\'.ml-i Munivi-
len Mills,)  pality.

Dhariwal @ Chaba on

L Sutlej
i River,
|
Upper Nauti
Buavi Khad
Douab streann,
canal.
201 19
Nil Nl
N/{, 4
11 510
N/ 2!
W
LYY} 1,300
- 900 1,680
2 N0
710
‘Y-‘lt(‘)‘ Txiencions
insufli- i pro-
cient ress,
often See plan
stund by [ and plate.
plant ins-
talled.

Travan-
¢Cove.

Tnited Provinees.

Pulivas-
sul

1.k,

Scheme,

Munnar.

T

Ganges
Head-
works
Supply.

Baha-
dura-
bad.

Two
falls in
Ganges
canal.

2,000
NIl
N7l

19

Short,
diver-
.\-inn .

G0

Nl
GO0

3,000

300

Mus-
SOOTIe-
Dehra
Seheme.

3 miles
fl‘mn
town,

Hin

strenms,

Nt

N

1,000

Nyl

21,400

2,400

240
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Table 3.— Limits of cost of existing hydro-electric plants in India.

v '

L Peredip installed, " Per LW installed,
|
o -
| Rs. [ €@ 1s. 4, Ra. | L s 4,
Maximum o . . ‘ {170 N 1,560 104
! |
Minimum . . . . . . 179 12 210 16
S ' e _
\
Mean of installations . . . L 674 19 | 900 6o
|
True mean, 7., iotal ontlay divided by 300 239 | 68 313
power installed (approximate). ' t

Taking Indian exchange at the normal pre-war figure of Rs. 15 to €1
sterling theseifigures may he compared with those quoted in the Introduction to
this Report.  The present exchange position is favourable for the import of
plant {rom the United Kingdom, hut is»m(.n'c.t]mn halanced by the high level
of prices there; so far as expenditure in India is cnnqornul there has also heen a
oreat rise in the cost of materials sinee 1910 while Tabour shows an upward
tendency.

94. Siles for water power in process of (Icz:cl_opm/{wl.—Tho only hydro-
clectric schemes on which actnal construction work is going on are ’ﬂ\‘:\,ty of the
Andhra Valley Power Supply Co., Td, Messrs. Burn and  Co.'s La‘f_‘:,\'n‘p
project in Sikkim, and that of the Burma Mines, ljd.,, at the Mansan  Ialls,
Upper Shan States,  Particulars of these are given Table 4,

[TABLE 4.
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Table 4.-—Hydro-electric plants under construction in India.

Andhra Valley Sikkim s AT
Undertuking. Power Bupply | Burn and Co's an}rl( Mines
Co. project, o
Location . . ) Western| Lagyap-la, Northern
Glats, . Llast of | Shan States.
Gungtok,
Source of water . . Monsoon rajn | Lnke fed by | Mansan Falls,
stored  inl  snows,
. l lukes.
Minimum pevennial flow | e fL persee. U} Nt 134
Stm:lgc: main . . .| Millions e, It . 12,000 Nl
»  regulating . . Hows full load -~ Nl
supply.
Gross head . . R . . 1,743 270
| * e
Length of open channel or | Miles . . None .5 5
canal. $
B~
. . : S
Capacity of same . o | Cusces . . — E Y54
L
Length of pipe line b et . . 4,700 'Z 996
) Z
Plant being installed . e hopo . (3,000 9,750
Ultimate capacity of site . " . . 90,000 13,400 .
Total cost of hydraulic — Rs. 260 at
development, power house Ls. 4d.
and plant up to terminals
of trausmission line per -
clectric horse power.

25. Sites for waler power ceamined but nol so fur developed.—Table b
contains a list of known sites for hydro-clectric works which have been exas
mined or investigated (in greater or less detail) but have not so far materialized.
It is quite possible that there may he omissions in the table, as it does not by
auy 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 thent,  This was the case with a perennial waterfall near Heho
(q.v.), beyond Kalaw, in Burma, where it was subsequently ascertained that
a Mr, Alexander had reported on the site as good for 2,000 lorse power.
Neither the report in question nor the engineer who made it has so far been traced.
Too much faith must not be placed in the records of this table as it is certain that
large assumptions have in some cases been made on the strength of insufficient
data, e.y., rescrvoir sites not geologically reported on, or discharges based on
one set of observations taken perhaps long before the driest period or in a year
following a wet year. 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 possibilitics, is cssential.

LTABLE 5.‘
@ 2



[V
o

THE

WATER

FOWER RESOURCES OF

INDIA.

Table 5.— Sites examined but not developed.
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Location or Project.

Assain.

Damechiera

Near Dibrugarh

Shillaws .

Buluvhistun.
Firt Sandeman .
Benyal,

Darjeeling 1 .

3 I,
2 Ir .
» 1v .
»n= v .
. Vi,

Kumaui, Duars

Bihar and Orissa.
Maywrbbanj
Bostbay,

Koyna Valley Project
Nila Mula roject
{'oma

L]
Bavind.

Heho (Yawnghwe)

Cochin.

Cochin .

Central Provences.
Balaghat . .
” . .
Clatisgarh .

Silewani Ghat

Messes. Tata and A,
1. Arnall.

Mussrs, Tata and H.
I'. Gibbs.

Mr. Visvesnaruya

M. Alexander; :nn]'1
Mensts. Barlow and
Meares.

Mr. G, S, Forbes .

ver

Mr. K. Batchelor .

Investigatod
or souree ot waber.
cxamined by
Asaami-DBengal - Rail- | Jatinga Biver
way.
Not known
W, D, U Kra, Um Shirpr.
-
Captain Darhng Ribaca Nuallaho .
(. P Robertson Prengsa Shora and
Little  Runpgeet.
A. Stonehridge faman  and  Little
Rungeet River.
) Kahil  and  Little
Rungeet River.
) . 4+ Lodhoma River
. Lalason River
Teesta River
19 "
J. W, Mares Jaldaka River .
C. H. Douglas and | Baabalong Biver
I'ow. b,

Nira Canal .

1Heho Raver

Chalkudi v .

Nahara River

Uskal River .
[udvawatt Liver .
Reservoirs . .

|

Mivimum

' ]I(l[‘.

rnninl
tlow.

Cusces.

25

10,000

140

Swmall .

Storage  in Western
Ghats.

Storge e Western | »
Ghats.

315

Gy

)

T

STORAGE SITES

AVAILABLE
. [ T
MaIN. ATING,
© Hours
Million . L.
cubic supply
fect. or cubice
| fect
|
3,000 |
i
() L\
Nl 2 to 4
) Swmall .
. ' .
» .
Nl Nil.
4
2,200 |00 w. c.
ft.
120,000 .

18,000 | .

Nil. Nil.
Very large, b
but  on
agricul-
tural
land.
1,000
Large . 4
” P
? ?
Large | P

(iross
head,

Fect.

200

by

110

H10

1,000

950

1,600
L700

81

670

oy
1,000
S0

800

Vilue
for

vontinuous

power.

e.h. p.

7,000

96,000

200

70

1,200
2,200
1,400

4,600
2,200
26,000
Minimum
13 000
but in tea
season far

more.

10,000

300,000

75,00

2,300

$,00)

to
10,000

25,000

9,000 P
4,000 ¢
5,000 ¥

REMARKS.

About {0 be deve-
l()llcd.

According to

storage.

feasible,

Large if !

|
|

»
. N j
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Table 5. Sites examined but not developed—concid.
: ; 1‘
STORAGE SITES
Minimum AVAILABLE. Valne
per- o e Gross for
mt)im:m\ head. continnons
ow. Rpau - power,
. . Investigated Main. ;‘HN\\.
Location or Project. or Source of water. REMARKS
examined by T T T T ’
Hours
Million F. 1.
Cuscca. cubic supply Fect. e. hop.
foct. or cubic
feet.
KHashmir.
Kashmir, Riazi . + | Kashmir Durbar Chenab , . 30,000
- Madras.
Hogenkal Falls P.W. D Canvery River . 550 | Large 46 to 85 2,5(%)
to
3,000
Kundah R. Schene 5 and . P! Kundah  ,, 20 1,600 | Fair 3,000 20,060 { Very promising
Gibbs. ’ .
Mekadatu rapids 3. 8, Forbes . Cauvery Ho0 1756 8,600 -
Ootacamund o I P Gibbs . 8hola water  fall, 1 o) ... 1,00) 100
Sandy nulla.
. .. . Pykara River . 10 | Site, but 900 1,000 |} Involves  tunnel
. no  de- to through water-
{ails. 3,000 shed.
Periyar Lake . . A.) 1. Garratt and | Periyar Lake " Vast 1,000 654000 | Negotiations
P. W. D. proceeding.
Rum'lymedo (Nilgivi | J, W. Meares Coonvor and Karteri 12 60 (or | (5,000 1,020 2,500 | Est. cost about
Hills). Rivers. more). {ur (or more){ Rs. 340 per
more). e h. p. (or hs-
450 per kw.)
Siruvant Project P, W. D oand R, H. Siruvani Aver, 45 280 to 1,200 b,000 { Site  for dam
Martin. Nilgiris. 450 reported un-
favourable.
N.-W. Franticr
Province.
Malakhand Tunnel Capt. (now [t.-Col) | Upper  Swat  River | 1,000 . 230 20,000
Battye, R. K. Canal. or more.
Punjald.
Bhakra Dam + 1 F. Milne . « | Butlej River 2,700 | Not to he 330 81,000
utilized.
Madhupore +| Punjab Power | Upper  Bari  Deab | 1,300 Nil. - 140 to 18,000
Assoctation and .| Canal. «0u or n;orc
Milne, .
Ragal . +{ Capt. (mow Iit.-Col.) | Lower Jhelum Canal 4,500 Nil. Nil. 8) 33,000
Battye, R. E. ’
Simla & & F.Milwe. . .| Nauti Khad extension. 8 20 1,600 6,700 | Pipe line 5,000
. ’ feet.
United Provinces.
Lackwar  DBridge, ) U. I'. Power Associa- | Jumna River .
Mussoorie-Chakratu | tion. 1,000 Pl 130 or 12,000
Road. more or more,
with
dam,
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26.  Possible siles for awaler power requiring reconnaissance.-—~Relerence
has been 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 understoud, even by engineers of the Public Works
Department.  The enquiry was hegan afresh under Mr. - Barlow’s direetion in
November 1918 and was continued up to the date when this Report went to the
Press. In every part of Indin and Burma sites new and old were discussed
and an endeavour was made to obtain information on salient points. The results
of this preliminary enquiry cannot well be put in tabular form, as there would
he too many blanks to the prizes. 1t will be preferable mercly to give such
information as has been collected in the form of notes on rivers, arranged by
Provinees and, in cach Provinee, in alphabotical order as far as may be.
The sites given in Table -b.are mostly repeated, as further mlornmtlo{l is
desirable although wore may ceven now be known than could be put in a
tabular statement.  The fact that more possible sites are listed in Burma
than clsewhere is due to the fact, explained above, that dwring the first
season’s tour that Province received more enquiry and attention than all the
others combined ;3 the Central Provinees is a good second, but many 91 the
sites there are sure to prove useless.  £¢ st be cm.p/z'usi:ctl that all siles of
awhich practically wothing is known, as well s all which have prcuz,'ous/y {)ce:n
recorded, arc enleved in the lists. Until (hey have becw examined it is

impossible lo suy which are wortlless and which wre worth further swreey. By .

making the list as complete as possible the worthless ones can, 1t 18 hoped, be
eliminated once for all after the next scason’s work.

A mere list of sites makes dull reading, and the matter collected has
therefore been relegated to Appendixes 5 to 14 1lere some general notes
on the conditions in cach Province will he given, in alphabetical order,

Assam.—The whole arca of the Khasia and Jaintia hills offers great
possibilities ; other hill districts such as the Garo hills are less civilised and
arc 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‘lf)\vcl-
parts sccm unlikely 3 the slopes of the rivers and  their discharges appear too
small for any considerable developments of power. })ctzulcd reconnaissance
nmay however disclose reservoir sites 3 hub the jungle is almozt énfp(ﬁw-tm‘)}e"
except for an clephant. The upper parts can be 1)1'o§1)cctpdl 011 ‘ 00 lt'ttlél . d‘l)li‘wi
more hopeful, e.g., the Umian River near Barapand, l»'}lt there 1s 1. bbblm ‘{)1"
mation available, The proposed Pandu-Shillong railway .caﬁ pwa y ‘db
supplied with power for working when sites hz».vi:1 ‘b{}cx{ litlztxl 1{1‘1.‘\?(1()(1‘:52:“;}1@
Discharges arc heing taken where possible, c.g., on U ¢ dl_nt o h miles below
road. A site near Saitwait village, on Kersh’s (¥) old roa xa(je, corth exainin-
Lynkerdem on the Thanjinath Platcaw was also 1[1011(;.1011(3(]:1.3:::1 W Oth\ Xt )
afion for the Pandu Railway. This has not -ch’ heen 1(1011!31‘1‘u. on ,.l'p n}“l ”

The upper platcau between Shillong and Qllb\l'l':}puhgl is '@] 1(€o \y LO]L‘mL;X
intersceted by numerous deep nalas, and narrow valleys, the tri 3ulv¢u'1m 0 the
Shella River (¢. v.,) carrying ofl' the drainage, with very (uick. slopes ; 1o
storage of large amount appears possible without daws of great height, w hl‘lc
earthqualkes vender these unsuitable, except possibly in reinforced concrete.
This is the region where the rainfall averages ALUU.mches over a strip of
country about 15 by 10 miles. Transport from the plains below Cherra would
he difficult as it is all flooded 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 best reservoir sites appeared to be on the tributary of
the Um Long which runs necar the road at mile 30 and on the Um

Pynjngithulli ncar Umsohphi Village. The former is moderately flat, |

with ricc 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 clscwhere about half way up the nala above the falls, where the
valley is wider and bas a less rapid slope. Modern 1 inch contoured maps,
arc available to the cast of longitude 91, 'and cxamination of these may dise

Crar. VI.} THR WATER POWER RESOURCER OF INDIA, 41

close further possible reservoir sites 5 huf time has not allowed this to be done
ns yet.  There are scores of waterfalls marked on the map, but they are mostly
dry the day after rain has ceased fo fall. - December and January are ordinarily
the only really dry months ; November and February average alout 2 or 8
inches. :

The names of streams are often different on the Atlas and detailed sheets,
and the alternatives are given.

A list of possible strcams and sites for reconnaissance will he found in
Appendix V.

Bengal and neighlouring States—Bengal proper is almost entirely flat
and offers practically no chance of water power ; and the proximity of the
coal fields would in any case militate against the financial suecess of such under-
takings. At various times in the past proposals have heen made for supplying
power to the great industrics on the hanks of the ITooghly ; cither by trans-
mission of power from large stations in the Raniganj coal ficlds, 100 miles off,
or again from the Burabalong River in Mayurbhanj State, Orissa, (q. v.) an
even greater distance. The Hooghly 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 Iowrah obtain their supply from the Caleutta Electric Supply
Corporation (sec Table 2) but hitherto little progress has been made towards
sapplying the local mills from the power house at Cossipore.  'The fact no
doubt is that, with modern steam engines and hoilers, most large factoriss can
obtain their power cheaper by having their own plant 3 where the plant is old
or out of date it may he preferable to purchase power rather than fo lay down
capital for a new drive, especially as hitherto the cost of purchased power has
steadily declined.

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

There are endless possibilities of wate® power in the TTimalayan 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 ereat floods and no reservoir
sites seem likely, so that the cost of development will generally be high. A
list of sites, some of which may, when further details are obtained, prove worth
detailed examination, will he found in Appendix V1.

Bihar and Orissa and neighbouring Stales—The possibilities of water
power, especially from storage, appear to be considerable in this Province,
though as yet there has heen little time to investigate sites or determine run-
offs and discharges. The region around the coal fields is likely to obtain all
the power it requires from that source, and in the absence of “White Coal” there
is a paucity of perennial streams.  The Palamau and Hazarvibagh hills 5 the
Ranchi District ; the Mayurbhanj State ; and the intervening uplands have
produced many suggested sites for reconnaissance as will he scen by the
list. A skeleton map of the Province has heen prepared in the Chiel Engincer’s
office, showing the sites and other data. Mr. Clayton has found time to visit
many of the sites and to take discharges and determine other data, Doth
positive and negative. A list of sites in Bihar and Orissa will be found in
Appendix VII. )

Bombay.~—There are probably endless sites in the Western Ghats, of
which the best have already heen examined by Messrs. Tata’s engineers. The
rainfall is heavy, especially at the scarp of the Ghats, where it locally reaches
200 and cven 250 inches; but nearly all concentrated between June and
September. Storage is thereforc an essential of practically every project in
this area; the levels are prima facie favourable; the fall is generally of the
order of 1,000 to 1,800 feet, obtained for the most part by piercing the water-
shed ; the demand for power is 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 Panch Mahals and Khandesh 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 located.  This i.s a largn
cotton orowing area. The cost of existing resevvoirs in the provinee varies
from Rs. 212 (Gokak) to Rs. 570 (Chankapur) per million enbic feet, Sind
is unlikely to have any power. .

An excellent layered map showing the sites of existing and pmyw(‘ml‘
irrigation and power works has heen prepared under the orders of the Chiel
Engineer, Public Works Department, on a scale of S inches to the mile. A
list of sites will be Tound in Appendix VT

Burma, wille the Shan States and neighhonring lm')'i/orir's.——'l‘]_m whole
of this Province especially the Shan States, s well furnished  with Q:(“If
possibilities of water power exeept in the comparatively small dry zone. The
great rivers for the most part rise very slowly in clevation, but “l(‘.ll' nunierous
frihufaries, and the feeder streams of these, rise in the ].nlls and ()H.on pl_’(‘svnf
cood falls. There is also more perennial ,\\'ntm' than is generally found in the
peninsula, though there is no « White coal 7 except i'ho upper (‘:11(’]11114-'11(5
of the Irrawaddy and the Salween.  Generally speaking there appears little
prospect of reservoir storage, as the lilll(‘s‘l one \\'!li(:h i;(‘)rms so - large A propor-
tion of the hills is much fissured.  “Natural bridges ™ where a river disappears
completely underground are a common feature of the country; and the
reappearance of the stream at lavge sprmgs.(*1.«3\\'11(31'(‘, is consequently also
common. The mineral resowrces of the Provinee are heing developed Dbut
have not heen fully prospected, for large aveas are almost unknown and are
unsurveyed.  Sooner or later however there should ])(: a (.',onm(lcral)l(-. demand
for ])()\‘7(‘|-, and it is possible that some of the promising sites may prove orth
development for special industries to be established near them. | The minimum
discharoes are in very fow cases known, as for the most, lmx_*t 10 measurenient s
have heen made until undertaken for this survey.  The rainfall g'«'iwr:\‘ll.y over
the Province will be seen from the rainfall contours on the map in .tlus
report, and some figures are given  with . each eutry —in “'w't-l;s\tll of y 3:71(‘.9.‘
Generally speaking nearly the whole of the rainfall is preeipi ;1 edin 6, 7 or
at most 8 consecutive months of the year; o the ‘nx{,vnl, ol about 96 per ('m}t. of
the mean annual fall, Tt follows therefore that, in (!m abscuce of l:‘u'j_:u H]);‘lng.;'s,
the discharges must fall very low towards the end of .th(\, dry !N*l"l()(‘l: 1.l nh.\ss
therefore reservoir sites prove practicable, as to which there mv \lm:\ ittle in-
formation at present, the smaller rivers may not ]')mvlo ()f‘]‘)}‘xl(f:lllj} \‘?., u: - Office

A wmap of the Province has been prepared in .t e ( e ' ..01‘1,.%1‘11( er st ) 0,
civine all available information as to rvoads, '{Lll\} Ays, nnna‘.rlmj stations,
Sower stations, altitude 1 rainfall. A list of rivers and sifes requiring
power stations, .Lli_,i‘i,lid( e[ mu1 i TX
y aissance will be-found m A X. ‘ . ‘ '
1600112;1;72;05‘3P00é”c()s and Berar with neighbouring S:t‘(//(ff;ﬁ‘_._—"l‘ll(‘;lt(:)'a(:‘(: -f(v\"]‘l
perennial rivers except the -Indrr‘lwatl, Nm'l.)udd:m":}pd | Ala{l')i"l’ll tO li\itl 'L‘;,(“ “1:){
generally he necessary.  Sites for reservoirs (\ht t]z 1(,11 ';-t‘} _\;0 ri;(\ }g 1] \
le cheap to develop ; indeed the relative cost B shay eC U'ﬁ'n ) e [“1; ) u(,'
reservoir capacity is increased. It averages Rs. ubQ.]N v ]I;\} l(m ¢ v)‘u‘ feet. 0
water.  Owing to the ancertainby of the rains cmmd‘ma-; ¢ u}n) -over capacity
will in every case he required. | 'l‘lu.x plateaux of the Lruntrtﬂl l_rnv}nc(“s however
andoubtedly offer possibilities which are well worth o..\mmnaplon ; tl-wy are
senerally from 500 to 2,000 feet or more above the surrounding p]:u‘ns, and
zatch the rainfall.  The Satpura plateau, the NVlndhyan (*scal']_)lnonﬁ with the
Malwa plateau, and the hills of the Bastar .btmo emh}'nco the main (-_lova,io(l
regions: It is strongly held in the 1’1‘_0\'1114:0 that for any large 1.)1'(>.|oct the
combination of irrigation from the IeSCIVOirs should he <:0mbm('d. with power,
and that this combination may be financially successful when 11(\1{]).«-1- micht, he
so alone. The local work of the survey (other than 1‘()]1014'1";1,])]11(‘:11) should
therefore he undertaken by an officer of . the ' ( ,‘vn'tml Provinces h'rigation
PDepartment. Officers of ) the loca'l administration in the C(‘n't ral ]’rmjm(-vs,
despite shortage of stafl and notice, went to_ areat troubl’v I preparing an
excellent layered S inch wmap of the Provinee with possible sites marked, toge-
ther with memoranda on various proposed power sites. In the list of sites
given helow there are certainly many that are absolutely uscless for power
purposes, hut until they have been examined it is impossible to determine which
are in this category ; the information is far too sketchy.  Some of the reservoir
sites for instance are helow any likely fall, hut may nevertheless prove unseful

e

s

-
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for irrig;ation purposes in combination with other tanks higher up the ecatch-

ment areas. v
The average monsoon rainfall of the Province varies between 35 and' 60
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inches, but is very liable to fall short in particular years. TFurthermore 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

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

Table 6.—Catchment areas of rivers in the Central Provinces where
the 2,000 feet contour cuts them.

- Works Department, and the Executive Engineer, Waingunga Division, may
be specially mentioned. The following list of catchment areas of rivers where

- A list of sites in the Central Provinces, requiring reconnaissance, will be

. found in Appendix X.

- Madras and neighbouring States.—The hill ranges of Madras offer many
possibilities, as yet little examined. In some parts there are two monsoons, -

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 mdny -~ .-
similar sites may hereafter be found suitable for storage for power. The cost -

" - of reservoirs varies from Rs. 134 (Kistna) to Rs. 412 (Periyar) per million

~ cubic féet.\'él‘he whole Nilgiri area requires special attention, as many sites

are 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 good. _ L .
-~ A list of sites brought to notice for reconmaissance will be found in

~ Appendix’ XI.

(%

. Name of stream Catchment area
Name of District, Contour. or in square REMARKS.
river. miles.
Betul . . . 2,000 | Taptee . . 22800
Deo. . . . . 2000 | Wardha S 8470
Do. . . . 2,000 | Khursi . . 37°50
Do. . . . . 2,000 { Purna . 03-00
Do. . . . . 2,000 | Machna . . 136-00
Balaghat , . .. 2,000 | Deo . . . 91-00
Seoni . . . . 2,000 | Wainganga . . 27500
Do. . . . 2,000 | Tel River (Tribu- | 1782 i
tary of Waing-

’ anga). /
Jubbulpore . . . 2,000 | Mabanadi . . 4627 -
Mandla . . . . 2,000 | Nagrar (Tributary 3419

‘ of Mahanadi).
Do. . . . . | 2,000 | Nerbudda . . 1,205-8S
Do. , . . ,000 Kashmeri (Tribu- 2752
: ' tary of Halon
River). .
Do. . . . 2,000 { Burmer or Burhner 6056
Chhindwara . . . 2,000 | Kanhan K 17814 . *
Do. . A . 2,000 | Bel . 3%6-39 .
Do. . . . . 2,000 | Sitarewa . . 94-45
"Do. . - . . 2,000 | Rench . . . 527-62
Do. . Lo . 2,000 | Harod . . 14647
Do. . -« .17 2000 |Umra. . . 51-87 -
Do. . . 2,000 | Kulbehera (Tribu- 22192
tary of Umra !
: River). -
Amraoti . . . 2,000 ; Khandu . . 33-25
Do. . . . . 2,000 | Khursi " e . 3879
Bastar State . . . 2,000 | Indrawati River . ¥ 192-00

~
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- The Swat and Indus rivers, the Kunar (

- tries that exist are scattered, and there are no great centres wher

F
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. North-West Frontier Province and neighbouring States.—This district is
in the dry zone, with a rainfall averaging 10 to 13 inches but often less.

; , 1 a tributary of the 'K A
Chitral) and the Kunhar (a tributary of the ?]rhemm) are a{‘:)llflsnlg‘ze;ec{f 1;3:3

herefore hav ‘e i . .
therefore have a large perennial flow and great aggregate fall. Other rivers

such as the Gumal, Toehi, and Kurram have vor arg ; 7
the border - in Baluchistan and Afghanistafx.y lowi‘?i?lgati:l};?g:;‘m&as t(i:eeii:
position on the frontier and the wild nature of the countl?y both in its phy-
sical and moral aspects, very little prospecting work has b,een done ; inde%d %t
is very unlikely that power sites, however good, could be utilize(i Indus-
tries of any magnitude, beyond agriculture, are unlikely e

A list of sites brought to notice will be found in AI;pendix XII

The Punjab and neighbouring States.—The five great rivers of the Puniab
namel;y the Sutlej, Beas, Ravi, Chenab and J helum, all take their rise ‘un:g 1;
the Himalayan snows, outside British India, descendine to the plai S in 2
series of rapids. With the exception of the Beas, “?hich will Ir)uf)l 13(?111;? b:
utilized eventually, they are all harnessed for the service of the vast canal
system which spreads over the arid plains of the province. There is al;o Y ( nlh’
lo?al angl indigenous irrigation on the terraces in the hills vhich t nut(l:l
tributaries considerably; and nearl ! Lhis mabi T e
1)rimitive water wheel for grinding the village corn. T . e .
Jealously guarded. The irrigati(:;n interest is theref(r)ll'};exs);'ﬁgilntnﬁl};g Sthme
is very little likelihood that any water power scheme (other than a o 1 ferﬁ
development) could interfere with the canal system, which tak(;s ith:?se e{:I-

clusively in the lower reaches. That this is true of the Sutlei i i
1 utle 3
below. The potential power of these rivers and their tril)ut'gwil:s,ezgéimg(rll

their dry weather discharges, is vast and need not be es ; ither

they have been little examined for practicable sft)ssﬂ‘gglulw‘:;ﬁ; b(;lfv;i'l?\;f It'g
the development would be rcasonable in cost. A few miles oi:P the ra 1(13(11
of the Jhelum at Mohora have been developed by the Kashmir Da,rbarlzseesa
Table 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 confined to the towns and cantonments of the ‘province, which have
either installed small steam or oil plants or have had to foreeo the benefits
of the electric fan throughout the sweltering heat of the summer. The indus-

. 24 e power
on giuch a large scale has bheen demanded as would invite capital to

y every little channel of this nature has its

em®8rk on large projects. It may be hoped that progress may be on broader -

lines in the future, for all the power that can be demanded can be supplied
over and over again from the “ White Coal” over the horder. The rainfall
cannot always be given as even where known it varies greatly over the
vast catchments of the large rivers. Generally speaking however the
monsoon breaks ab the end of June and lasts till September only. A certain
amount of snow falls 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 greater part of -the year; all
however suffer from the disadvantage of a periodical closure. As reo‘a,rds’ this
source of power it is clear that the Irrigation Department must have the
final word as to what may or may not be done. As regards new projects, how-
ever, mention has already been made in para. 5 of the fact that two or more small
falls have often heen constructed where a single fall of greater drop would
have been practicable. A little extra expenditure to becin with may
make a bad power site into.a good one; and it is to irrigation requirements,

=ich as sub-soil pumping or high level pumping, that such

:‘:‘itll probably look for their outlet, P : power schemes
1, The late M}'- Barlow 1_'ecordec_1 the following note on the subject, in view

of 1€ dlgere_n({)e in the practice of his own Province (the United Provinces)

and 2 PORb: . o

wrhe unjab Canals run in rotation, i.e., different branches in different

weeks, zi’?d the main canals have sometimes to be closed for a month in the

. ménsoon OF 1 winter on account of heavy rain or for silt - clearances.

There are falls in many places of 8 to 15 feet with good discharges, and these

AY
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might be used for pumping water for irrigation and by this means reduce
waterlogging and also enable certain channels to be closed and the water used
elsewhere. The -Irrigation Department think t_hat the Wa_te}' rate would h.ave
to be raised to enable these schemes to be a payng proposition, but consider
that the cultivators will be able to pay it. There are also many local
industries on a small scale which would probably come in if ,ﬂllS power were
provided.” A map has been prepared in the Chicf Enginecr’s Office, Irriga-

tion Branch, showing the canal systems and other relevant data. :

A list of sites—probably less complete than any other—will be found

in Appendix XIIIL .

United Provinces and neighbouring Sta?es.-—Ther.e are great power possi-
bilities in the United Provinces, especially in the Hlmqlay'an and the Buq-
delkhand and Baghelkhand areas. The rivers from the hills are largely uti-
lized for irrigation, and reservoirs of large size are common ; 1t.may therefore
De supposed that many unutilized sites for reservoirs are to be found, capable

of beine used for power purposes before feeding the rivers and canals below.
. o

The cost of reservoirs varies from Rs. 149 (Gaggar) to Rs. 448 (Betwa) per
million cubic feet. This preliminary enquiry supports the . supposition. A
table has been locally prepared showing the catchment area, storage capacity,
probable maximum flood and cost of many existing or 1_1nder constructl‘on
storage works in Bundelkhand; it is not printed here, but is on reccord, The
cost per million cubic feet of useful storage varies however as follows:
Seven cases, between Rs. 500 and Rs. 1,400, all small by comparison, ¢.e.

100 to 600 m.c. ft. useful storage. ‘ |

° Seven between Rs. 192 (minimum) and Rs. 400, varying from 343 to

O .

11’25’i")e§1nbétween 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
irrieation canals. The majority of these are of small account fdr power
ur;oses and saffer from an annual closurc; but a few offer good power and
others may perhaps be utilized hereafter for high-level or S.llef)ll 111‘1g‘a,tj‘1g)n
pumping. The complete list of falls over 3 feet is therefomrgwen so far as

' supplied. * ‘ U '
dote Xivee}z)geeﬁentpl;nap of the Province, marking power and irrigation sites,
has beén prepared under the orders of th/e Chief Engineer, Public Works

. t. o . .
Depagﬁ(i%;lt of sites Lrought to notice, with canals at the end, will be foufid in

A7ppendix X1V,

: e States and territories adjoining British Ind_ia,.,_—.‘As explain-
ed in2Zl.1eNnt(t)€c@ev§t the beginning of this Report, the term ¢ India” is u§ed in its
geooraphical atlas sense. Water power Jrefustcs to be confined b.y territorial or- .

oli?ical boundaries or by sectional or.Pr.owncml ‘mterests; it exists where -
Nature places it, although it may be artificially controlled to some extenlt. A
promising scheme may take its rise in one State, be developed in a second and
utilized in two or more others ; it may e necessary to modify it Sﬁ azdto meet -
existing water rights or future irrigation requxremex}ts, but here the advantages
need to be properly balanced by independent authority. It so 'hap.pens. that a
considerable amount of the available water power of India takes its nsef ou{E
side British territory, and in some gascs power sites \inll eventu‘al.ly1 be (aun
(where this is not already so) either on a river which is also a political boundary .

or entirely over that boundary. Certain instances are already given in this™ - o

Report, and if any places are incorrectly located the Compiler apologizes for

‘ . Hitherto the two officers deputed to carry out the Hydro-Electric -
tslllﬁ':g;oi;ve been unable to visit a tithe of the sites referred to, and the first

reconnaissance of all will certainly tax the energies of a considerable staff for - -

soveral seasons, while actual survey work is ‘proceeding at s1tes‘ alll;ea.dy fialvgut:- s

ably reported on. The mate: al in this volume will howej]eol st 1;)w Wo.a is

required, and much information can be collected in advance by the ent,n'leeas

of the various States which may wish to haye then‘v_wate_r poglela}'sf eﬁzagl}ng ]

Requests, formal or informal, have heen received askmvg't}.le C 1:;&' nt‘sm?f"’ .

Hydro-Eléctric Surveys, to visit or report on ‘water power in generw 0; sites
: H
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’ ;'1.1 I{Jarticular in the following territories, which are arrranged alphabe-
ically :—
" ALWAR.—The Sewai Maharajah enquired of . Barlov
regarding the bund at Barfi. 1 tge fafe Mr. Barlow

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 been asked if data as to
discharges, falls, etc., can be collected. In reply to his enquiry
about a visit to Baroda State, he has been 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 TUnited 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.—Ihe State Engineer 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 mext cold weather
has been promised.

DHAR.—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. Hartley. . An endeavour will be
made to visit the site next year if possible.” ‘ '

HILL TIPPERA. '

HYDER.ABAD, DECQAN.—The Mint Master and Chief EYectrical
Engineer has enquired if the data of the rivers in His Hichness the
Nizam’s dominions will be of value. o

JAWHAR.. : '

KAPURTHALA.—The Darbar intimates, that the investication is

: welcomed. - 5 . o

KASHMIR axp JAMMU.—The. Chief Electrical Engineer refer
the 20,000 H. P. scheme on the Chendb and. to t%e prosgggg g(f)
supplying power to the Punjab from Kashmir.

KOLHAPUR. D X X .
MANDI.—The Datbar asks for examination of the confl
& ‘and Suketi Rivers at Mandi. ) e gex:ce Beas

MYSORE.—The Hon’ble the Resident at Bangalore has asked to be
T / : .

informed if the Survey proposes to visit Mysore, |
RAJPIPLA. . '
RAMPUR-BASHAHR. 1

STKKIM.—The Political Officer in Sikkim has offered to make a)rrang_é:'

/ ments fof a, visit there in connection with the water powers of the
Lagyap Pass and the Teesta (g.v. under Bengal and neighbourhood) ;
also the Rungpo. There is evidently great power available all over
Sikkim. '

SUKET.—The Darbar welcomes the investigation and calls attention
to the Suketi, Bhawana Khad, Samal Khad as well as minor streams.
TEHRI-GARWHAL. -

28. Summary of results.—Taking into account tables 2, 4 and 5, and the
sites in Appendixes V to XIV 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 sight. = The figures,

classified both by provinces and by the degree of reliability! of the estimate.

are given in Table 7. The total is of course vastly below the actual available

" éver is definitely known ; there may be hundreds more yet to be found. Apart

R}

- power which the Jinal results of the survey will disclose. Thus there are over
130 possible sites, to which attention has been drawn, of which nothing what-

.

from this, however, the great perennial snow fed rivers have been scarcely - .

touched upon ; their potential power has net been determined and is in no wa
brought into the table, except as rggards a few definite projects. These for the -

v
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most part only bring in a few miles of the river, and a few hundred feet of fall.
The calculation of the British Water Power Comniittee relating to the
Trrawaddy and Chindwin Rivers, with their 7 million potential horse power,
has been referred to earlier ; where it is also explained that as most of the

.discharge 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

if cost were no object and Suel mo longer ewisted. .Thus the combined
minimum discharges of 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. peir 1,000 feet of fall; these rivers and the
tributaries that feed them rise in mountains up to 20,000 fee} or more in
altitude, and are not above 1,500 feet above sea level where they enter the
Punjab plains. Similar considerations apply to the Ganges, the Sarda, and the
many rivers rising outside British ITndia to the east up to the Brahmaputra,
and again in Burma to the Irrdawaddy and the Salween. What the total power
6n 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 graeat. (The table is on the following page). .

99. The Key Map of Sites.—The general map of India on the scale of 64
miles to the inch, which will be found in the pocket, hgs b}aen specially prepar-
d for this Report by the Superintendent of Map Publication, Survey ot India.
Tt shows as far as possible on this scale the rivers, rall\\fays, and con:ﬁqurs.
The possible power sites marked on it do not pretend to be in exact position;
they serve to indicate localities merely, as the exact squares ‘where known
are stated in the text. A certain amount of information is also given
reearding the occurrencé of coal, oil and minerals, but this again does not
px%tend £o be complete or very exact. It by no means follows that areas
without any entries have no water .power; it ”me,}'ely _means that no data
have been collected so far. Of the hundreds of. 4", 2" and 1" maps referred.to
in the Appendixes hardly any have been gxamqu as yet, as early publication
of the Report with a view to future work is more important than completeness.
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Figures are electrical horse power continuous, 70t 12 hour.

Table 7.— Probable water-power of India, so far as dete’
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CHAPTER VII—FUTURE WORK OF THE HYDRO-ELECTRIC SURVEY.

80. Agency for carrying out the future work.—It is not necessary or
within the Compiler’s province to lay down exactly how the work necessary
to complete this report shall be carried out. In certain of the following para-
graphs suggestions are made as regards specific 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 each Province. In order that the work of the Survey may be

- of use to Indian industries and Empire Resources it appears essential that

the Chief Engineecr 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
required, to prevent overlapping on boundary rivers, and- to draw up
progress reports as the work proceeds. In order to save delay and circum-
locution he should, if possible, be allowed to correspond directly with all
gazetted officers of the Forest Department and of both the Irrigation and
Roads and Buildings Branches of the Public Works Department. ‘

In provinces where reservoirs ‘will generally be necessary it is cleqr that
officers conversant with irrigation work must be largely 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
may be in such districts other sites of a totally different character, the
reconnaissance of which requires a knowledge primarily of water power and
.the best 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
early as possible ; see paragraph 34. ] '

- There is considerable danger that, in the absence of specific demands
for power, the work will be shelved. The co-gperation of the Water Power
Committee of the Conjoint Board of Scientific Societies, which has been offered, -
may be invited to prevent this happening. )

31. Census of power.—It is hoped that the somewhat sketchy summary
of the power used in certaiz zarts of India, given'in paragraph 14 supra, will be
an incentive to the completion of these tables on comprehensive lines, for which

“there has not yet been time. It is by no means easy either to collect or
tabulate the results in such a way that they will be of practical use, as most
power users do not know anything of horse-power. (See Appendix IV)., It
is however desirable ‘that some approximation should be known as to the
amount and nature of the power used over areas of reasonable size, such as
districts or sub-divisions of districts. Reference to the permissible cost of
hydro-electric schemes in paragraph 78 will show that it depends on their positipy
with regard to power requirements, the cost of fuel at present used, and 2%
“load factor,” which term is there explained in non-technical language.
‘census of power should therefore give, for each area, the installed hors

subdivided under water power, steam power, oil engines, gas engines

- are any such) ; the average cost at site of the coal or oil used as g

where it comes from ; and (in very general terms) the purpose for
power is used and the ordinary hours and days per annum of

a projectis likely to materialize all these figures are essential i
its prospgets may be gauged. The first step in a detailed inveg
draw up probable load curves of the completed scheme in ordé

kLN
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coested that the final tables fo cause very heavy local precipitation. The cliffs below Cherrapunji are
tole]

ission i ired. It issu
plant and transmission lines are requ an even better example than the Western Ghats, and there may well he other

shall be drawn up in the following manner :— : similar places of which no records exist at all.
| There are however hundreds of places in India wheve rainfall records have
» District Boundaries of heen kept regularly for many years, and yet never used except by those who
Provinee keep them. Thus every tea garden, every coffee or cinchona plantation, has

- . . . its raineauce and boolk of records, : hese wi ider 4
district approximately, by sketch map or otherwise f din h hills 1 : A ety entclmnt iorable, extont be
3 . ound in the hills that may prove to be likely eatchments. Tt mav be objected
that, the gauges are not of a standard pattern always ; it is quite likely, but

~ e o o Electric Average Working a pos\sib'le 10% error Is surely b.etter than an estimate based on the curve
N Power Power Power Power period. ‘ | connecting two stations many miles away. If the same gauge has been used
| its readings, and the whole of its records, could be correctad by expert com-
! e ——— parison with a standard gauge. For that matter, standard gauges are occa-
e bobp | bobep | bohep Days Hours Slonalvly‘vse_en placed so that tt-ee.s ym-tiallX sereen them, and great difficulty
\ . ot per is always found in obtaining reliable observers. A number of non-official records
‘ sear. day. A . have already been collected in the office of the Survey.

| - o _ It is therefore suggested that a laree number of additional standard rain
| _ / : gauges shall be obtained and placed in catchments which olfer cood promise
Punpin plant. | | . N of power. If the localitics are such that regular dnily observations are
A;,;ﬁ;u::tlfum | impossible the next best expedient is to have gauges that can he read af longer
Tobtle machi- intervals, or self-recording gauges if these are obtainable. It mav be observed
nery in facto- { that the Japanese Government proposes to fix no less than 166 new rain cauge

Mesnery in | ‘ or meteorological stations in the islands for the hydro-cleetric survey., -
f:og;'il?:ermg | _ . . Secoqdly, cnquill'y sh'ould be made through Distriet Officers rog&rdinq overy
Other factory | private rain gauge of which the records have been kept, and copies of these
Ry N . ‘ records should he obtained for the whole period for which they have hoen
Tsolated plants. | 1 | | maintained.  The eollating of these records toecther with those of the official
, ‘ — statipn§ will Falm 3 considerable time and must he carvied out hy ;L- trained
Source and average cost per ton in district. Coal Rs. . \ spleqmllst. The Du‘octor-(iono.ral of Obscr\jatol'ie.f \\:ill no gloubt “he - able to
® Bulk oil Rs. , advise as to the best method of procedure. e it is suflicient to point. out

that the present records are insufficient and that more are wreently required.
The rainfall map to be prepared from the official, private and new records

~
By water power, steam power, ete., is meant the di.rcct dri\'ipg of plant by S]flO:ld _li)e‘lzlotége(l ‘1-0}'1 ezu‘zlél (}("gl'x_ivc shoof of the Atlas of [nflizm on the seale
turhines or engines, not through electricity. By electrie power is meant both , of - ,‘ rtmles ‘(1)] e ;:}]Ltl or therea >out.” As more data are acquired it should be
where the concern has its own plant or where it takes a supply from a power ‘ c;)uw ;}( m‘ut ‘lnoub t up to date.  The reconnaissances to be undertaken  will
coneern. ' . C show the catchments in which new gauges are more particularly required.
Tt is sugeested that Directors of Industries, who have supplied the data E . |
| 33. Discharges and run-offs.—(See paragraph 9).  Except where required

included in this Report, should be asked to collect the {ull data for 93, L ) . ‘
included in this ket * and put into form 4 for irrigatien projects practically nothing has hitherto heen done to obtair the

by a mechanical or clectrical engineer accustomed to the vagaries inherent in potl‘ln‘lal, 11111{1{111111;1 and I!ood (hsc}u_u:ges of rivers and streams in India.  Still less
¢ . * . " . -y . . S . - ye rey 1 o N . - m . L et .

the returns as reccived. The papers already in hand can be returned _f_Q‘lzf th}S_ o is the run-oft under various conditions _]mown. The stafl available for such

purpose - ’ A 1 B work is exceedingly limited ; the area in ene engineer’s charge is often very

S o Ty NeTr ] Q1000 4 i ".\' i e Torvafs T Oy ,‘\‘ L . '\ . e

32. Rainfall records and Map.—(See Chapter 2). From the lllec9r(ls of the v LMT(;, and tt]i@ IO-Lll,lltllti.s W here observations are required are generally far apart

' ernment of India a small scale map, and frequently difficult of access. It has alveady heen pointed ouf that long

- already .
the Census on these lines, and then to’have them analysed

/ rologic artment of the Gov ! ] . '
31%:\9?13;1(;;12131,1;*‘?;11311&&1 rainfall contours, has been pul)hshc.d. The Railway | ghont‘lillue((ii -obfm'mtl‘ons are necessary, :tlthro‘uf_;'h those made in a single excep-
and Canal map of India, on the scale of 32 suiles tq ?he inch, is also con- tiona y, ly-"‘omé 1I11C1‘y. be very val uu‘blc. The past season has heen such & one
toured in the same way, with the help of such additional 1'ecqrds as t!le : éu éni‘;n) l;mta ‘o‘ ndvm,. and suggestions were nmfle before this enquiry began
Irrigation Department possesses.: Unfortuna@ely _thgse 1:ec91-ds fail to cover. . Q'tla i]&(‘vﬁnm%e‘ of' l,t; hut shf)rtage of stal owing to the war, combined

in d?:tail many arcas whichare out of the or]nt of 11'1‘}gat1011 works and obsle‘r- “tlt]l Ot.lt‘l) ‘Lf‘CtIn S, Ple\ vntc-d t}mxr ;1{]0})*{011. Had this \\"o.rk been put in hand
vers, and which nevertheless may prove 'ot great importance to .thedhﬁy(.lo- ? he lm% ]0 t 101 first enquiry in 1905 an mmense mass of invaluable informa-

" electric survey. For here it is the detailed rainfall contours over a de n}:ie, 1otli1 .W(()rulf} ?Yi been collected Dy now. As it is the Lists of Sites show that
© amd perhaps §111a11, catchment area that are requn'ed, rather than the ’ nothing whatever is known in the great majority of cases. The Report of the

In some cases therc may not be a smgle Japanese hydro-electric survey shows that 820 new gauging stations are heing
- . s “. B D

. gencral lines of the continent. ¢ , ‘ ST A

-\i\?:;l(:;(%inw station within such a catchment. Where a sufficient number , established in those islands.
of% observations exist the rainfall contours can be filled in from these by follow= = for A§ in the case of rainfall, so here the question of accuracy comes to the
o this is found to give ) ore. The whole principle on which the most approved discharges of streams

- Ingr approximately the geographical contours, as

the . most probable results. They may however he very far from the actual : gie 1Calcullated 1;1 based (Sce Appendix 1I) on Bazin's experiments on trapezoid-
truth over small areas. Thus, on the scaward edge of the .W estern Ghats, - | .cll.avgnte st.1 'l1 elcocffﬂcm.nts given are 1)1:01)&1).131 the bes Soble hbut when
the cxvistine: 4n4ns show a series of contours, at clpser intervals as they appiied to the bed of a hill stream near its minimu , are mere

1g d 150 inches on the : approximations even in the hands of a skilled ohsex O esults 1 out at

@ froit”3U inches up to 100 inches at the edge ; . : e
geraclsgi d % ﬁl(");;ns. Jiltc i uk}owevel‘ well known th;:{-, in parts the annual fall two placesslightly differing in character—probaly

amounts o 200 and even 250 inches. Any cliff exposed to the moisture laden able although the best that nature has provide
monseon curirents is certain to arrest theth and direct them upwagds, and -_xhus L 10 per cent., although in canals and other * t

g&tﬁgl of them & ©suit-
.\;%ll,eften differ assmbch as
z0idal channels” consgtent

L L 4
. .
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results are obtained.  Considerations of this nature led the late Chiel Engineer
of this Survey, himself & mosf experienced observer, to write the “ Elementary
Note ” now reprinted in Appendix I, tnwhich those unacenstomed to take dis-
charges are asked to determine the eross-seetional arca of the channel and the
central surface veloeity and todivide the product by 2 in every casc. Such a
method, which could he put in practice by any amateur, wonld give vesults of
infinite value as compared with our present blank ignorance. It is for consider-
ation, iu view of the importance of the problem and the urgeney ol its solation,
whether daring the next few years it would not he possible to cmploy seleeted
students from the local engineering colleges on this work, wnder P. W. D.
supervision, during the two or three  driest weeks bhefore  the monsoon
breaks or the snows hegin to wielt, as the case way be. If the matter is left
to the ordinary agency of the Public Works Department (he resutts will
assuredly he more accurate, but they will take many more years to collect.
Bearine in mind the fact that Bazin’s coeflicients are not based on ex-
periments on streams of the nature referred fo, it will he wost valuable if
any officer with the necessary experience, stationed where o suitable hill
stream exists, conld make some carclul experiments. 1t is suggested that
a weir should be built from which Tairly exaet gaugings of the actual flow
can be oblained,  Then, in the veaches above or helow the weir, @ number
of suifable reaches {ree from pools should he seleeted, as uniforin as ean
be found.  The type of bed relereed to will generally have a hydeaulic mean
depth of unity ov less, during low water at least, and the rn({g'h('st of heds,
with discharees of 10 to 100 cusees.  Cross-sections will then be taken and
mean eross-seclions plotted in the usuad way.  The existing coefficients are
nominally at least hased on the maximiun eentral veloeity 5 hut it is suggested
that in investigating the matter hoth this and also (he mean \'cl()citykh-mn
a numher of obscrvations at various parts of the channel should be observed.
Doing this at several different places with difterent characters will prohably
enable arbitrary cocfficients to he worked out applicable cither to the maxi-
mum or wmecan velocity.  In seleeting the reaches very little labowr will
often suffice to even up the width of very small streams’and 1o cheek hack
flow. Still water will generally exist in places, but at least cocflicients worked
ont from definite measurements ave likely fo Dbe less inaccurate than the
best now published.

Normal and maximum flood discharges can prolally he hetter delermined
by means of self-recording gauges, and a dozen of these were ardered by the Iate
Chief Engineeras a start and have heen distributed. The type seleeted was the
Stevens Water Stage Recorder, with time seale one-tenth of an ineh to 30
minutes and gauge height scale one-sixth, d.e., 2 incies of peneil movement cor-
responds to one foot of float movement.  The time-seale is S inches to 24 hours
and the roll ol record paper is 25 vards long, thus lasting 6 months,, The 1Ton'ble
Mr. W, J._ Howley, (,‘)}ivl' l.‘lngi)wm', Madras, has also ordered some other types of
the same instrament for his own experimental purposes, and information will
be available regarding these Tatev on. Lty steps shonld be taken (o order any
recorders vequiired for el scason's work.

31. Reconnaissance of Sites.—-In order to ohviate unnecessary work in ot her
directions the first thing required is a general reconmaissance of all the possible
sites alveady brought to notice, or to which attention may he called affer the
publication of this Report, so as to eliminate those which are certainly worthless
at present.  Some will he found useless for all time, cither hecause the natural
discharge, or the possible discharge {rom reservoirs (capable of heing filled), is
too small; or hecause a suitable head, having regard to this dischnr‘go, cannot
be developed.  Other sites will bewritten off for the times being bhecause  there
are hetter ones in the neighhourjlood, or heeause the cost of their development
cannot at present compete with fuel-developed power in the distriet. Yet
another class may prove so remote from power users ab.present as tohe
apparently worthless for that reason ; hut here reconnaissance is needed as sucha
souree may in the end prove vaduable for speeial work not dependant on existing
industrics. \lthough the st of communications to such a site might be very
large it lias seldont proved a har to development if there are sufficicut mineral
possibilities at the far end.  (Sec paragraph 17).
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Tt is suggested that an effort should he made to earry the reconnaissance of
sites as far as possible during the coming season.  To this end it is suggested
{hat theve should he placed on special quty (@) Irrication engineers for sites
where reservoirs may he required, or where frvigation from the tail waters may
be involved. () Mechianical or elecirical engincers, acqnainted with water
power development, for other sites. In this conmection the suggestion may be
thrown out that Government Eleetrical Engineers may he made more use of.
Trom an inside knowledee of the work on which they ave for the most part
employed it is cleav that this would offer a far hetter field for their energies for
atime; and they are trained engineers.  The assistance already acknowledged
from this source in one provinee was greaf 5 and theve ave other officers who have
heen actually engaged in the construction of hydro-clectric works,  Aguin it
may be possible, if early action s taken, to scenre the serviees of suituble
engineers from the officers and men of  the Territorial Forces who will soon he
demobilized.  Itix almost certain that there are some awmong them who are
engincers by profession and who have prospected for water power elsewhere;
indeed applications have already been received from some.

35, Survey of Siles.-- Reference has already heen made to the assistance
which it is hoped that the Survevor-General of fndia may be able to give, in the
matter ot continuing the topographical survey to districts at present unsurveyed
in detail and of revising old non-contoured maps: 1t will be necessary to see
that there is no overlapping here, as clearly the work done inthis way will
obviate similar general work by other agencies. On the other hand, the
speeitie survey of known sites is rather an engineering matter, dealing with lifnitgd
parts of a small area, and this will no doubt be wndertaken by survey partics in
each provinee, after rveconnaissance has proved whether the site is worth it.
The tollowing instruments were ordered by Mr. Barlow from the Mathematical
Tnstrument. Office, on the 31st Japuary 1919, to reach India by September
1919, viz. i—

Tacheometrie Plane Tables, 247 % 227 with outlits . . 9
Levels, reflecting Amevs, Steward’s pattern, in sling leather e QO
Barometers, *Ancroiid, 437 diameter,  hronzed, surveyor’s reading B
between 2537 and 317 and from O to 6,000 feet, in sling leather
cuse,
Levels, Ziess, Watts pattern, No. 1, complete with stand in box 3

In addition, the Officer-in-Charge, Mathematical Instrument Oflice, was
advised that the following articles would he required from stock, viz. 1 —

Levelling stafts, Sopworth . . . . . . : :)3
_100 foot tapes . . . . . . . . -
AMeasuring chains, 100 foot . . . . . a7

The numbers in the above list were based on an estimate of what would be
needed in each provinee; it scems probable, however, that a far greater number
of surveyor’s aneroid batometers {paragraph 13) will he required for reconnais-
sance work during the next year or two, including some for use in the imalayas
reading to 10,000 feet, and a further 20 have since heen indented for.  Applica-
tion should be made for any needed.

To select, from the data so far collected, the sites which should he dealt
with {irst is no casy matter. On the one hand it is clear that those situated
where an carly demand for power is likely to arise should receive preference;
but there are few places at present of which this can e definitely stated.  On
the other hand, the fact that special industries on a large scale may be ereated
where power can be cheaply obtained must not he overfooked.  Cheap power is
the text of the articles on the Chewmical and Metallurgical Industries in the
Indian Munitions Board « Industrial Handbook 19197 Tt is there stated that
“ As an index to the price of enerey permissible it may be mentioned that for
calcium carbide it should not exceed 0°10 anna per unit or £365 per kilowatt
yearand for aluminium £5 per kw. vear.”” (Page 131). Kisewhere it is
Pointed out that in North America and Seandinavia current can he generated
from water power at 005 anna per wnit. It will he long hefore any new works,
under present prices, can reach these figures. )

In the opinion of the writer, hacked in those cases discussed by that of the
late Chiel Engineer, the following list represents the linesupon which the

12
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work may best proceed in the various provinces, according to the lists of sites in
the Appendixes. ) k

As;emn;.—%j ene "al reconnaissance of the Khasia, Jaintia and Garo Iills
co upled with specific survey of the Cherrapunji plateau for reservoir sites,
The possible electrification of the Pandu Shillong Railway should he 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 heing equal, the two former are a good deal nearer the tez;
districts of Silchar and Sylhet, hut a matier oi’hS() miles 1s not of 6-ré t
importance. ‘ s

Dengal.—Survey of the eroup of Darjecline streams - '
Rungit, to ascertain the hest oi'ﬂa sg.m'e of c‘glﬁ]l(}?(]*ltlilr?n' :tllf:(:ms whove the Great
Bri Survey of the upper reaches of the Jaldaka River and tributaries on the
thl Oltlx)azlldslLdj()édc?;l(ptlgldl(x:1th further examination of the problem of clectrifying

Survey of the Tista River.

_ DBihar and Orissa.—.J\ general reconnaissance of sites is essential before it
15 possible to say which are worth survey. Meantime however tl;(‘ Burhaha-
long, Sankh and Subarnarika Rivers are almost cortainlv worth careful i (-“t(P
gation and survey. ’ AT e

]30)}@1)(111/.»47\7@11111 the arca of the Tata group of schemes it is wunecessary
at present to do further work. The Kalinadi River and the Sharavarti at
Gersoppa are elearly indieated for detailed examindtion and survey ( )

~ Burma.—Practically nothing definite is known of the nltt]'Ol“.l;tTV of sites in
this provinee, and until further information is collected it is difficult to ;umrest
where to start. 1t appears worth while making a definite survey for rémcx"?'oir
31t§~s above the Anisakan Falls, for Maymyo needs : and if sites are foﬁnd the
existing scheme should he overhaded completely so as to make full use of the
small power possibilities.  The Heho falls have already heen partly surveyed
{1-}1(1 it is certainly worth while completing the work with a view to the exten-
sion of the railway and the clectrification of its hill scctions. A demand for
other power seems prohable. l

B(.?yond these the following rivers merit reconnaissance as heing  the ones
of which some information is alrecady known : the Bernard Myo, Konwet :11{(‘1
Kin Chaung in the Mogok district; the Yetagon falls and Myitnge in the
Mandalay region; the Mindon Chaung in Thavetmyo district’ the Nam Lt
Panlaung and Zawgyi within transmission distance of Kyaukse and Mandalay
the Namma and the Shweli, either of which mayv e cul;ablo of oreat >:)\‘\"Z\r,
the latter having been stated as worth 300',0( O L. p.;  the “Siﬂt(t'mlw ‘lli(i
Thaukyegat in the Toungoo arca; the Tavov district eenerally, as ‘Lh‘or(\n 1; a
power demand there. Three of the largest suzeested souréés a;'c Ollliéte(i S;)

far. A large amount of work has already heen done in connection with the
harnessing of the lrrawaddy rapids, and this should he carvied forward to the
stage where it is possible to judge what power ix available and about at what
cost, not in great detail at present Tut on broad lines. The Kanti‘ falls (;11
the Chindwin and the Hatgyi rapids on the Salween are also worth prospeetit
even though they are out of reach of present needs, as thev may prové[
great ?ossihilities.. The Yunzalin near Papun is also l)rom'ising:t

‘ Cenlral Procinces and Berar.—Here again it is not casy to choose between
innumerable projects regarding few of which anything ‘definite is known
Early reconnaissance of all the sites will enable some to be climinated and
othel:s chosen for detailed work. The Balachat aren is the most l‘ik’clv t(o
require power and within reach of it the Nahara and Uskal Rivers seem t

offer the I’nost promise ; examination will show il either is worth Eletailez)l
survey. The many streams and reservoir sites in the Melghat area and on the
Chlka_I.da platean should provide some good sites, and these should e examined
and if necessary surveyed. The group of schemes comprised in the “ Silewani
Ghat project ’.’ should be examined in detail, together with the ]\'nninn Riv 'rl
as both are }\'1thin reach of Nagpur which can absorh much cheap ]>0:\"er '1‘%1:
Bina River in Saugor District; the Chornai River ; the Chitrakot Ialls (;n thb
Indrawati as well as the Marble Rocks on the Nerbudda, near Jubbulpor l‘e
merit {ull investigation. ’ bore, ako

o
bt

to have
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Madras—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,
Pykara and Siruvani Rivers. It is understood from the newspapers that
definite proposals have been made regarding the development of the Kundah
River, which is probably the best site of all these; if so the renainder  can
wait.  The Anamalai Hills, including the Aliyar River, and the Sirumalai 1ills
should also be prospected and, il the result is favourable, surveyed.,  The Ma(}h-
kund River in Vizagapatam Distriet appears likely to have great power, which
may soon be needed for the harbour developments.

North-TWest Frontier Province—~1f power is required here the Kashmir
Durbar can provide it from works already in existence on the Jhelum. It is
doubtful if it is worth while to investigate further sites in view of the peculiar
conditions.

Punjab.—The project for utilizing the power of the Sutlej near the Bhakra
dam site s the first that claims attention. Without endorsing all the state-
ments in the paper on this subjeet, referred to in the List of Sites, Punjab, it
clearly merits further investigation and the drawine up of careful estimates.
It appears to be clear that the scheme can in no way interfere with the irriga-
tion dam project, and, if that is so, it should reccive every encouragement.
Once the dam is built it will be difficult if not impossible to make the tunnel
without emptying the rescrvoir, and a really comprehensive scheme for supply-
ing cheap power to the province will be lost.  For this reason also the tunnel,
it built, should be of the fall capacity required. Should the investigation prove
satisfactory it Lecomes a question of the demand for power within reach. As a
« demonstration plant”” with good chances of success the late Mr. Barlow
considered this one most favourable. Probably if the tunuel and diverting
weir were constructed by Government a company would come forward to
develop the power.

There are also the many known canal falls in the provinee, and exact
information cxists regarding them. If it is known that they arc available for
development, on casy terms, it seems probable that companies may come forward.

Apart from the above, the whole lHimalayan arca requires prospecting,
including the Kulu rivers and Sutlej tributaries ; and the Haro and Jablat
Rivers, as to which enquiries have alrcady been made by a firm, should be
examined and, if found good, surveyed.

Uniled Provinces.—Certain reaches of the Jumna have already been fully
examined and their development may he hoped for.  The canal falls are mostly
of small power, but their value is also definitely known, Bevond these the
Himalayan rivers generally require prospecting and of these the Alaknanda, the
Bhagirathi, the Bakher and Belan Nadis, the Nayar and the Sardah scem  the
most promising. The Karammasa and Chandrapraba schemes in Benares
State also merit detailed examination.

36.  Training in Hydro-Llectric Engincering.—So far as®is known the
question of training engincers in Indian Colleges in the specialized work of
water power has not hitherto been taken up seriously. The impression
prevails that water power is a branch of irrigation work which ¢an be taken
for granted, but this is not so, although these two branches of enginecring
run on parallel lines so far as low falls and rcservoirs arc concerned. The
clectrical part of the problem of water power is again quite separate, for
it will be seen that this Report contains hardly a word about clectricity from
start to finish. The essentials for an engineer who is investigating water
power sites are that he shall have a sound knowledge of mechanical and hydrau-
lic cngineering, for power problems cannot be dealt with satisfactorily and
thoroughly except by an engineer trained in power problemus.

This matter has been receiving attention in Great Britain, as the following
extract from the Second Report of the Water Power Committee of the Conjoint
Board of Scientific Societies will show. It should also be {aken up in India,
wlhere at present there are comparatively few engincers trained to deal “with
water power problems.

“ Tra@ining in  Dydro-Eleclric Lngincering.~In  view of the great
developm.ents in hydro-clect.mc engineering 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 Great Britain should be prepared to take a
commensurate part in such development. In the past large scale hydro-
clectric engincering has been confined 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 Bmpire’s {uturc water-power will he ('lovclopcd outside
the country.

“ While there is xome indication that strone financial and manulacturine
intercsts arc now considering such developments, the Committee would dm\?f
attm_xtu;n o t!lC 1:.1(3]\' of japlhtles in our Universitics lor eiving the neeessary
specialized seientific training to the young engineer wishing to enter this ficld
of enginecring. -

“The Commitice wonld emphasize the fact that an adequate supply of
suitably trained engineers is cssential to the attainment aud waintenance of
such a position in the hydro-clectric world as is commensurate with {ho
importance and capacity of the British Engineering Indusiry. It attaches
great importance to the carly provision of training facilitics of ‘such a standard
as those, for example, at Cornell University, in one or more of the Exn<£iuevrinw
schools in this country, and wonld recommend that ils views in this natter
be brought to’:f,he notice of the Minister of TBducation and of {he Sceretary
for Scotland.

87. Conclusion.—It has heen the endeavour of {he Compiler of this Prelimi-
nary Report to collect and arrange in logical order all the relevant l
regarding the Water Power Resources of Tndia which is available ; to explain
in non-technical language the various branches of the subject ; :m%f(o la r‘Adlml\'n
in this final chapter, a tentative programme of work that '\\’ill,ln:ul {0 il{(‘ 411('-,
ccssi:lll conclusion of the investigation now heeun. While this work Is ’I;Acin_(r
carried out the interlaced question of industries is in strong hands "md the
combination ol power and industries is exsential to {he 1)1'0sp(?ritﬁv ol li»(,)t.h Ad
the pres.ent time, while prices are hich on the one hand, exchanoe is |‘~1\-()|.|:--1f)lt;
for the import of plant on the other. There will however he k:on. (-o(m wti‘tors'
in the market for orders, and the British manulact urers of i)i s tl]lr‘l)iytu‘;
gencrators and switchgear must sce to it that they are not. l](.ﬂ <trand .']’
Hitherto they have heen content to take the small ordeps and {o lot (‘h(: 'llnb((v
ones go to countries that have specialized in water power v o
asserted that engincers from abroad are essential to the Jn'()p(‘.l' ercetion of plants
when received. Tt is high time that these fallacies should be dispr "ll : l
His Majesty’s Trade Commissioner in India has this matter in l‘l‘ln(‘ll ot e

To have acknowledged the source of every itemy of mad
Report would have increased its volwme withoud
The thanks of the Compiler are due to
particularly to Chief Engineers ol the Public Works Departments and their
Superintending and Exceutive Engineers; to Conservators of Forests 1 their
© Assistants; and to officers of the Munitions and Im[luq»l-' N i; \b ot \“tnv‘

Above all acknowledgments are due to the Jafe G (piutn‘u B
. A gme ¢late Mr. G. 1. Barlow, C.I.E.
whose untiring energy stimulated others to give their seant leisure t tf is W -k’
which an unkind fate did not allow him to complcte‘ S O S WOrE

mformation

It has even heen

mlormation in this
adding much to its utility.
all and sundry who have assisted;

Semla, 29th May, 1919, J. W MEARES.

APPENDIX I.

Elementary notes by the late Mr. G. T. Barlow, C.LE., Chief Engineer, dated
93rd March 1919, on the Preliminary Investigation of Water Power Sites

for Electrical Parposes.

1. Object of the incesligalion.-—The chief sources _oi’ energy \\'ll_ich arc at
present known are coal, oil and water power. The t\}'o former arc eaSily handled
and transported, and in m()st. pl'nces are more convenient and cheaper thz.m water
power, but their supply is limited, and ’(‘ho'u" costl must sooner or later increase.
A knowledge of the water power potentialities ().f the country is thercfore .Of the
eveatest importance, not only in the conservation of energy, but also in the
economic development of the country. .

At present very little is known {1])()ut “]'C water power resources of India
and Burma, hecause they mostly lie in th.o hills and jungles which are sparsely
inhabited, and rarely visited by any officials ; only rough sarvey maps exist of

Toparts.
man"'.l‘gl': ](t)hjnct' of the preliminary investigation is therefore to locate the
favourable arcas and sites, to ascertain the d;scluu‘gos of the p.(rrmm'ml rivers,
and to colleet other information through the Local ()HiCCI.'S, whu-!l \\'111- enable
detailed surveys to be carried oug expeditiously by a special stall during  the
cold weather. . . ) T

The ohject of the survey is not to prepare (‘Rflnlil;t(-)h: for town lighting and
clectrie fans, hut to obtain details regard ing 1:@'0111‘{11)10 sites that can hq made
of eeneral use to the Publie. 'l‘lwsn.(h‘huls \\:111 show where :_m(} ap]n'(.)xnna,t'ely
how much power is available, and will also give other wseful information which
will-enable any Company that requires power to know where and how to set to
work to prepare the detailed plans. o ’ | |

o discover the localitics of all the existing w ater power resources of the
able whether a demand for power exists at present or not.  The
most unlikely places to-day may in a few vears’” time he the centres of Industrial,
Agricultural or Mining, activity. India and Burma are immense countrics, hut
oven thoueh this is so, il intelligent and willing assnstavnc(‘: is giv ctn by the L(‘)cal
Officers it will be possible to climinate the useless arcas, and to concentrate

the survey work in the promising localities.

country is desir

2. Definilions of lechnical terms, elc. . o
- () A typical Ilydro-Tilectric Scheme consists of a perennial river or of a

reservoir or hoth for the supply of th(: water ; this' water, except
where a natural fall already exists, is diverted into a scparate
channel Dy means of \\:oirs_or regulators, and is th(zn run in an
open channel along the hill side ab 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 thf‘n ran 510\\'11 the hill
side in steel pipes to the power house which is s1tuat(:d at the
bottom of the hill above the High Flood Level, and finally the
water is eseaped back into river ; sq1110t11110§ the wateris diverted
throueh a watershed into another river.  From the power house
transmission lines are constructed to convey t.ho cm.‘rent .to ?he
factory or to other consumers. In the preliminary lnveshg‘a’glon
only the details regarding the supply of the waler and the height
of the fall are required though details regarding other relevant
points will be \\'(‘k_*on}ed. .
(1) A Cusec means & cubic foot per second.® . .
(e) Iead.—The \'crhcal‘ difference in level‘ (in feet) 4.6, the height of the
¢all Detween the inlet and outflow of water used for power purposes
is called the Ilead. TIn all preliminary works it is sufficient to note

the actual head available.

#;;Y;m The small water driven flour mills, found in the Himalayas, take from 3 to 4 cusecs. J. W. M,
4 D b ©
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(d) For water power purposes the < fall " means the difference in height
hetween the level of the water where it will be taken from the
stream and that at the place where it will be returned to the
strecam and it may be made by :—

(7} a vertical drop in a riveror canal, .

(¢i) 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 .

(/i) an artificial fall which can he made in a reach of, say  or 5 miles,
in ariver with a steep slope, by taking ofl’ the water and running
it along the hill side at a genlle 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
hed.

Tor power purposes (/) and (i) are merely superior to (iiz) becanse the
leneth of flume or open channel to the entrance of the pipe line is cheaper, and
more convenient for regulation purposes. _ _

(¢) Slorage reservoirs are natural or artificial collections of water sifuated
above the fall, which are conmonly called tanks or lakes. The
water is collected during {he monsoon periods or at other times
when there is excoess water, and ix used for irrigation or power
purposes, or for hoth.  These reservoirs, which ngust he gonstr.uct ed
ahove the fall, provide the necessary discharge in period ol low
supply in the river, and also collect the water which is running in
the river when the water power plant is closed down, or when
irrieation is not required.

() When it is found that a stream dries up or falls very low for a short
period hefore the break of the rains, then in order {o maintain a
constant power, some storage must he provided. -

(¢) One cusec running conslaitly thronghout the year is equivalent to

) 315 million cubic feet of storage, hut allowance has to be made
for evaporation and percolation losses, so that to f)l)‘t:l,in th.u
equivalent of that constant discharee a storage of 35 willion cubic
feet should he provided.  For one month the storage necessary
may be assumed at 3 million cubice feet and for one day 100,000
cubic feet. o o

(1) The Catehment area of a stream at any point is the arca draining into
the stream at that point.

(i) W alershed is the houndary line hetween two cately mm}t areas. _

(j) The Llectrical Horse Power Hm(t‘ can\(ly;‘I ;_'\';‘:l(‘g'{llft‘.(l will beapproxim-

Jusees v SeCs 0 Bl ce .
att)ly Cusees X 1”[0,,‘3(1_1,‘,‘.{“_1‘, or = usecs 1311 n s when (‘Xl)l'(}SS(}(l in
Kilowalls instead of Horse power.

3. Siles suilable for producing power.—Navigahle or tidal rivers or waters
arc uscless for water power purposes, hecanse the cost of development is very
reat, and the power obtained is small. The power available depends on the
product of the fall obtainable and the minimum discharge thal can be velied on at
the driest time of the year. A navigable river mny‘]m\'o {lltll‘g"(‘, dl.\‘('_]‘lﬂ‘l‘l‘..:(‘ ])}lt the
slope of the river hed will'he extremely small, and ina reach of L or 5 miles 11.\\‘1l}.
e imipossible to produce more than a few feet ()f. artificial fall.  The produq of
the discharge multiplied by the (all will therefore e §111:1ll while the cost o!‘
harnessing the river, and the cost of the other works will be very great. (())I;b
thousand cusces falling 5 feet will give the same power as o cusees falling ?, -(. 0
feet, and it will be readily understood that the cost of developing the latter " .111
be far less than that of the former. The hest sites are therefore small dxs'«'hiu wes
with big falls;say 50 to 200 cusces falling 100 to 2,000 feet, but medium (1L:2(‘ nig;-
es of sav 200 to 500 cusces falling medium heights say 100 to 100 feet are a ‘sﬁ
eood, while large discharges (say anything al)ovc. 1,000 cusvcs? :‘ul-lmg(hl:(“f
heights of Sa{ 5 to 50 ilfml))tl arc expensive in construction, and therefore poor 1
thing better is available. .
o tli;f(i’ln this it follows that the hest sites are generally those f oun.d in hv}l'liv
country and on the tributaries of the large rivers, and that the power tqnt(‘:s' bll‘ ail-
able in the large rivers themselves and on canals are seldom really favourable.
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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 exit of the upper valley ; where the run off from the catchment
arca will be suflicient 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 dawm, without destroying cultivation.

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

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

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

L. For preliminary reconnaissance an  Aneroid Barometer to measure
heights, a watch with seconds hand, and a tape measure or a 10 fool rod are
all the instruments necessary.

The points to note are :(—

(@) Approximate discharge and 1ead available.

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

(¢) Accessibility, i.c., how to get to the site, and neavest road, rail or river
cominunications.

(d) General remarks (when known) on the height that the high food
water rises, whether a storage rescrvoir appears possible, nature
of the country, ceological formation, difficulties, market for power
and any other points of interest which may affeet the cost, con-
struetion, or upkeep of the works.

Where it is impossible to observe an accurate discharge, or where the
correct methods and co-cfficients to he cmployed are unknown, the following
very approximate method may he 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 average depth by soundings at intervals across the streaun.
Then throw into the centre of the stream a small stick and note the time it
takes to pass along the marked length; repeab this & or 5 times to eliminate
crrors.  Then the run in length in feet divided by the averace time in seconds
gives the velocity on the surface.  Then the cross-scetional area in square feet
multiplied by the surface velocity in feet per second and divided by (wo will
give the approximate discharge m 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
arca of 60 square feet. The surface velocity will then be 2 feet a second and
the discharge 2 feet a second ;00 square foct =060 cusecs.

5. A careful study of the largest maps which are available will be found
of great assistance in all reconnaissance work. TIn dense jungle or rough
country it is frequently impossible to follow up the coursec of a stream, and
unless the maps are carefully studied it may easily happen that a useful fall or -
a promising reservoir site is missed. The 17=1 mile contoured maps are
excellent and the 4"=1 mile Forest surveys are even better.

K
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A few examples are given helow to indicate the kind of information which
can be obtained from maps :--

(«) A flat or a stecp valley or hill side is shown hy the distance between
the contour lines.  The closer the lines are the steeper the country
will be found.

(0) The distance hetween 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-
tivated country.

(d) Numerous 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 ide:
of the discharge at another site can gencrally he guessed by a com-
parison of the catchument arcas at the two places.

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

() When a stream makes a long hair-pin bend, 1t is frequently possible
to obtain a good fall by diverting the water in & tunnel across the
neck of the bend.  Several miles of a river can sometimes in this
manner he replaced by a short cut diversion of a few furlongs.

(k) Somectimes the slopes on one side of a water-shed are very steep,
while on the far side they are gentle ; when this happens it may he
possible to form a reservoir and divert the water through the hill,
and by this mcans obtain a mosé useful artificial fall.

Addendum to elementary note.

Useful Hydraulic Data (in round numbers generally).
Flow.

1 cubic foot per second = 624 Ibs. per sccond,

60 cubic fect per minute = 3,714 Ibs. per minute,
374 gallons per minute,

3,600 cubic feet per hour,

86,100 cubic feet per day,

2-6 million cubic feet per month,

31} million cubic fect per year.

1 cusce flow

H T T

Legulaling storage.
100,000 cubic fect stored will give 116 cusces for 24 hours.

3 ” » 3] 27} ” I} 12 ”
2 » ” ” 15 » 3 6 »
It 3 13 b2 ] 94{ » » 3 L H
” 2 2 13) 27:: [3) ”» 1 ”

Main storage.

311 million cubie feet stored is equivalent to 1 cusec for a year ; but owing
to evaporation and percolation more storage would actually be required. In
round fizures :— . o
1,000 million cubic feet stored will give 30 cusees continuously for a year.

» ”» 19 » 10 9 1) 9 9 months.
tH] ”» 3 Iy 60 i3] 7] 1) 6 ”
» L)
3 3 }2 ) b 1‘30 » ”. » 3 »
Reservoirs.

acre = 43,560 square feet,

acre of water 1 foot deep = 43,560 cubic feet,

square mile = 640 acres = 2788 million square feet,

1 square mile of water 1 foot deep = 27°88 wmillion cubic feet, which will
(in practice) give a flow of about § cusee for 12 months, or a little
over 3 cusecs for 3 months,

—
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7Oa tehments.
1 inch of rain = 100 tons or 3,610 cubic feet per acre. = (4,000 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 ; sce paragraph 9.

Power from floo. :
On the practical basis assumed throughout this report 79"rliﬂf'etw“‘"]le—lf“aii—'l—i“‘l’t
= electrical horse power.
If 15 is the divisor, the result is in kilowatts.

Power from storage.

R - Thousands cubie feet stored X head in feet
(¢) Regulating. —-=== - — = = c. h. p. hours.

If the divisor is 56, the result is in kw. hours or B. O. I\ units.

.. . Millions cubic feet stored X head in feet
(¢¢) Main. - S = = e b . years.

If the divisor is 500, the result is in k. w. years.
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Coefficients for ascertaining mean velocity from greatest suriace velocity
in channels.

Vory smooth Smooth (gl ehan- | Very vouch Clhannels
ITydraulic mean depth. channels- Ashlaror | nels. Rubble]  channels with
cement. brickwork. mAKOnry. carth. detritus.
Feet.
25 85 (] 64) ] +2
h h Sl T4 'S o
75 S 82 76 63 ad
| . ) 85 17 G H3
2. . . . . ) T ‘71 04
3 . . S0 T3 47
4 . . . . . =1 T 70
5 . . . . 76 il
6 . S 7T [
7 . . S 73
8 . . . .
9 . . . . . ’ B2 T4
10
1 . . . . . 19
20 . . . . . ‘ _ 76
30 . . . . 77

'The hydraulic mean depth is found by dividing the cross-sectional area in
square feet by the wetted perimeter in feet. The mean values of several eross-
sections along the chosen length of channel are used.  1For most streams and
rivers in the hills the cocfficients in the last column will he used. 14 will he
observed that with a hydraulic mean depth less than 05 foot the coefficient
is slightly below the figure suggested in Mr, Barlow’s note (Appendix 1} ; this
however will alimost always give conservative resulls.

APPENDIX III.

Part of an aneroid survey—see paragraph 13.

The entries in the field nofe hook were as follows ; —

Date,

Al)l'il 4

1 .

»

» .

2]
April 6

» . .

b .

1 .

Time.

30

S30

Station.

B
111
|AY
Vi
Vi

|

Temp. I

v

06
a1
G

69

st

Reading of aneroid.

1570 Oufwand

15950
2050
28010
Nt
S00

2100

1900

1795

Journey.

teturn journey.

Reduction by Molesworth’s curve for diurnal variation in Caleutta and
for air temperature by means of curves given in Molesworth and Deschanel,

as follows ;—

Oulirard jonrney.

Station.

11

Il
IT1
11
[0
1v
\2!

L e e P Ve e

VI

11
g
In

-
a9

DifY. by
aneroid
foet.

I’atl 18

Risxe

Rise

Rise

Fall

Fall

Fall

202

79h

250

105

Correction
for
diurnal.

Nl

Lel

Q¢

it

— b

}

Result feot

—
-
7
o]
o
I

Rise 205

Rise 792

Rise 122

urn gourney.

. Fall §29

Fall 245

Fall 100

1096

1115

1130

1130

1075

1084

1:095

I*inal
difference,
foet.

Rive 24

Rise 234

Rise 896

Rise 138

Tota1 nrisr
Fall 801

Fall 266 J

24
"N
L 1,264
J
d 0 nass

Fall 110 110
Toran rary . 1,267
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It will be seen that while the reduced results hetween the terminal stations
agree very well, giving a mean difference between them of 1,258+ 1,267 _

2

1,278 feet, the two common intermediate readings do not agrec ; hetween stations
1 and 2 the outward journcy gives a difference of 24 feet and the homeward
110 feet, while the diserepancy is balanced between stations 2 and 6, traversed
by a different route.  Unless the instruments can be carried in special lagged
cases, so that the metal work eannot get heated up differently at various p:&ts,
these discrepancies will occur. A sccond instrument carvied at this time
showed equally discordant results at intermediate stations, and the two did not
agree any better inter se. No doubt if a long halt could have been made at
each station, to enable the instruments to settle down thoroughly, the results
would have been more even; but this is generally impossible.

Station I was found by a 4” Forest map to he at about reduced level 990

2 will probably be within 50 feet of R. L. 1,057.  Station 3, with only a single
reading, is 230 feet higher and the result, 1,287 feet, may he 100 feet out.
Station 4 similarly may be taken as about 2,183 foet, with a similar marein.
The terminal station 6 is probably within 15 feet of 99041,278 mean or 2,5(}8
fect, as the results accord well and the Bengal weather reports showed that no
considerable change of pressure occurred in the interval; station 5 is about 891
feet, below this, or say 1,377 feet within 100 fect. The reductions made from
the second instrument confirm these probabilities.

A subsequent test of the two “compensated” aneroids, one kept in the
shade as a control and other placed in the sun, showed that the latter in both
experiments rose very rapidly ; the velative change due to the temperature
changes of the instrument itsell were 60 feet and SE foet respectively in the
course of an hour or so.  This no doubt accounts for the discrepancies at inter-
mediate stations.

fect. Adding the meanvise between 1 and 2 7.e., 21‘4‘_)110* 67 feet, Station

APPENDIX IV.

Mechanical and Electrical Power.

The British, and practically International, horse-power is the power
obtained when energy is being expended at the rate of 550 foot-pounds a
second or 33,000 foot-pounds a minute. Applied to water power, if 330 1bs. of
water (528 cubic fect) are discharged per minute under a hcad of 100 feet
(ziving a static pressure of 43'3 lbs. per square inch) the energy expended will
e at the rate of 1 horse-power.  This, however, is theoretical, or water horse-
power, w.hp. If aturbine and pipe system having an cfficiency of 90 per cent.
arc employed to utilize this flow and fall, the mochanical or brake horse-power
obtained on the shaft will be 0°9 D.h.p. If this mechanical power is used to
drive an electric gencrator, the cfficiency of conversion being 95 per cent. under
the particular conditions, the electrical horse-power obtained will be *9X 05
=0'855 e.h.p.  The value of the horse-power infoot 1bs. per minute isin cach
casc the same, hut the fraction available diminishes. The output of the
generator, 0°855 ei.p. X 716 gives the exact electrical cquivalent, wviz., 0°636
kilowatt, as 1 ehp. =716 watts or 746 kilowatts. To round up the example,
if this ‘636 of a Kilowatt is converted to heat (where the cfficiency is necessarily
100 per cent.) it will giveout 636 of 57'3 or 364 British Thermal units per
minute, which is equivalent to 28,200 foot-lbs. per minute, out of the 33,000
with which the example started.  Thus horse-power isa rale, not an amouit,
$0 “500 h.p. per minute  is meaningless ; the total amount of clectrical power
sencrated in any particular time is expressed in e..p.-hours or kilowatt-
hours. If 500 h.p. (373 k. w.) is excrted for one minute the resultant energy
is 500/60 or 8:33 L. p. howrs or 621 k. w. hours. These elementary explana-
tions are only given because the letters received from engineers show that they
are required.

No mention has so far Dbeen made of “indicated horse-power” and
“ nominal horse-power. "’ The former represents the power developed in the
eylinders of a steam or oil engine, as calculated from the indicator diagram,
and will gencrally be from 7 to 18 per cent. higher than the effective b.h.p.
developed on the crank shaft. Nominal horse-power is a term surviving from
the earliest days of the steam engine, and is practically meaningless now. The
b.aup. of an engine may be two or three times the nh.p. as the term related to
the size of the cylinders and length of stroke without regard to the steam
pressure actually used. Where returns for the census of power are submitted
in n.h.p. an endeavour should be made to ascertain the b.h.p. developed by
comparison with other cases. Otherwise the n.h.p. should be multiplied by 3.
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List of sites in Assam.

Blugar Lirer (Garo Hills). - Unsurveyed in detail, bul. has o rainfall of
100 inches of which 91 per cent. fally hetween April "and October, TAp
unlikely to :mfml any good site judeing hy the !-inch map.  The
area however is some 85 square miles at Selhat Haut, where the N
butary flows in.  (Map 75 K. 7). ’ ‘

Dogopani Birer.--see Shella River,

Cherrapungi~—see Shella River.

Daring Lirer—sco Krishnai River.

Didram Lirer.—see Jinari River.,

Digru River.~see Um T'ru, !

Appears
catechment
aranga {ri-

. Dudhnar River  (Garo Hills), ~Nothine is Known reeardinge this stream
or its tributaries, the Manda and Chichura bt it is |n'()l>:L|’TI\' \\()?Lh I;('('()nn"u\:
sance as the rainfadb is high and the stope vapid. A the junetion of the 'lh(o\l'o
t‘l'ﬂ.;ut;u'ivs the Manda has a catehment ol about 10 .s"quurvr miles :lln:l the
Chichura about 70 square miles.  Ahout 105 oul of 115 inehes of rain fulls
between April and Octoher. (Map 75 K 13). o

Jadukalo or Kynshiong Rirer and ributaries (K hasia Hills).— A ppears
10. ha\;c constderahle |n.;ssi|>i]i1ivs, the rainfall being hetween 100 and 150 mches
ol which 91 per cent. falls hetween April and October, There are many  falls
and reservoir sitesmay be found in the Nonwstoin aren. The eatehment. m‘eii
above the falls of 0 fect, with others near by, in latitude 257 26, loneitude
91° & is about 24 square miles. (Map 75 05 8, 7, 10). ’ 7
' Jatinga River~—The possibilily ol using this river for the electrification
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 (q. v.) near mile 277, up strcam of the hair-pin bend near the railway
tuunel.  (There are no detailed maps of the river arca available ab present).
The arca flooded would he about 2} sq. miles, and with 290 foot dam and
mean depth of water of 45 feet the storage would be some 4,000 million cu. .
ft. The rainfall is said to vary between 11t and 250 inches in the catch-
ment, mostly falling between March and October. [t averages 84 at Haflong
and 174 in the Jatinga Valley. The above storage would give about 380
cusees for the 6 dry months and 12 hours a day. The catehment arca of the
combined streams is about 96 sq. miles above heve. 'T'he power station
would be ncar Damchara Station, where a hiead of about 200 feet could he
obtained, with a long canal on difficult ground and perhaps a long pipe line
so far as is af present known. The site may be good 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 might involve the submergence and re-al?”'n-
ment of several miles of the railway in difficult country. 'The dam site rcqui?cs
further cxamination. Rock outerops in several places on hoth banks, and is
hard and cowpact, with the strata often vertical, somctimes twisted, and [re-
quently broken. Tt is sound cnough for a weir Yo stand on, but not, for watce
to fall on unless heavily prolected. It is probable that the river bed was once
100 fect deeper or more, and the present flat vallcy has been formed bv the
hills slipping‘ down on the left hank and blocking the river. A lake \ﬁs
formed and in coursc of time its overflow has scoured out a new channel h{m
this is: still much ahove the old level. There is a possible flank escape ’('mt
cxam_mod) on the 'lcfl; bank sowe little way back, where rock should bcl fou;xtl
as cvidently the river at one time cscaped by this route. The dam would proi
bably run across the river ab a sharp angle, but the line would have to be
trenched for cxamination and this would be most difficult, Further examina-
tion in detail is required before a verdict can he expressed on the scheme
See also Ka Yeng Liver and Maibang. (Map 83 G 4). .
Jinari, Jinjoram or Didram Liver (Garo Lills).—This has not been pro-‘
speeted 5 it has a catchment arca of about 100 sq. miles at Roksaun, with
about 100 inches of rainfall, and the slope is rapid. The stream is unsur,veycd
, =
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on a large scale, bub tooks unpromising on the F inch mip. 91 % of the rain
falls hetween April and October.  (Map 78 K 5, 9).

Ka Yeng River—This frow the layered maps looks more favourable than
the Jatinga river (. v.), into which it flows just above the sife mentioned on
the latter. There is apparently a good reseryoir flatb some 2 or 3 miles from the
Railway bridge, but it proved inaceessible in the time available” The dam
here would be well above the railway. The flow was found to be about 5
cusces only in December, but the rainfall is about 150 inches here over a
catchment of 30 sq. miles, mostly falling in 6 months. (Map 83 G2, 3;
uusurveyed).

Kulsi River (Khasia Tlills).—This appeass promising on the map, but has
not been examined. It is a perennial stream and has good falls.  Rainfall iy
100 inches, mostly between April and October.  There arc large lakes in the
reserved forest arca, which conld probably De dammied at the exit ; but the fall
would be that due to the dam only. The catehment arca to. the lake exit is
over 100 sq. miles.  (Map 75 0 5).

Krishnai o0 Damring River (Goaro Hills)—Near the Jinavi (¢. v.) and
the same comments apply.  Catchment arca at” Chelteret about 200 sq. miles.
(Map 78 K 9).

Maibany, Assam-Bengal Railway, hill scetion.~The railway station here
is in the middle of a large flat valley, several miles long, with steep clifls on
the east side where good rock appears to outerop.  This valley is near the high-
esb point of the line, and it falls steoply away towards Lumding. The valley
is cultivated, but the railway could be cheaply diverted.  The discharge of ihe
river (name unknown) in December was only a few cusees, but rainfall is
high—about 100 inches.  "The site is most suitable for a large reservoir, as the
valley is flat, the rock apparently cood, and an exeellent saddle escape exists-
on thre cast.  This site is considered well worth examination.  From the Atlas
sheets the eatchment avea is about 80 sq. miles.  (No maps available, but on
75 G 2 or 3). '

" Monas River.—This flows into the Braluvaputra from Bhutan, and has a
lurge perennial flow.  The fall after it enters British territory appears cons
siderable.  (Map 78 J 13).

Shella River (Bogopani River in Atlas ; Kliasia 1ills). —=This is within the
belt of 200 to 140 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 Assani; para. 26) it
is doubtful if the stream is of any use. LI storage cxists the catchment arcas
at almost any point are far larger than is necessary ; excess water, not defi-
cieney, will be the difficult problem. The months of Deeeber and January
arc almost dry ; November and Fclruary reecive an average of 24 inches;

Y

March averages 8 and October 15 ;5 so the distribution is unusually good. As
the country is mostly steep and rocky the ran-olf 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, which meet at
1. L. 1,700 feet, 34 miles due west of the Dak Bungalow, and attention is
salled to possible reservoir sites above here in para. 26, January 1919 had only
one measurable fall of rain, 0°63 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 tth only, and the combined
discharges later in that month were under 2} cusees.  April had 13 inches
of which half fell between the 17th and 28rd, the remainder heing distributed
in small falls. The combined discharees taken just after these heavier fafls
mnountegl _to only 8 cusees. The Umsohphi reservoir site at the 100 feet
contour is Just over 1'1 square mile in arca by the map.  (Map 78 0 11, 15).
Shillong.—A small scheme was drawn 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 ¢. h. p. A printed report on the site isin
existence.  Gaugings of the Um Kra taken at Mawlai Bridge gave from 115
cusees at the end of Decernber 1918, dropping very steadily to a minimum of
63 cusecs early in April 1919, The decrease is about 1 cusee per mensem in
winter. Above Bishop's falls the Um Shirpi dropped steadily from 10 cusecs

* Nince examited and found wipromising.
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at the end of December 1918 to a minimum of 63 cusees early in Aypril 1919,
with the same deerement.  (Map 78 0 1.4). .

Undian Ricer, Khasia  1lills—This crosses the main road at DBarapani,
where a reservolr site may exist.  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. wmiles.  Rainfall about 100
inches, mostly falling 0 7 months, ciz, about 9170 (Map 78 0 1t and 83
C 1,2).

Um K ; scee Shillong supra.

Um Rai River, tributary of the Um Tru (q.v.). This has been gauged
where it passes near the Gauhati-Shillong road, wnd where it is perennial.
Atouile 11 the discharge fell gradually, with Jarge variations, from an average
of 20 cusees in January 1919, and 10 cusees in February, to 65 in March and 5
in the carly part of April. The lowest record was 1 cusee. At the Laroh
rapids (not identified) the discharge fell from 88 eusees average in Janwawry and
28 in February down to 22 in March; the lowest record being 15 cusees.
Rainfall about 100 inches.  (Map 75 0 13).

Ui Shivpi —Sce Shillong supio.

Uin Trw or Digru Ricer—(Khasia ills).  This and its branches, which
pass the Guuhati Shillong road, may oler some power, but not much informa-
tion is available except that the river is perennial and has some good falls.
Detailed examination of the maps has not yet been wmade. The catelument
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 hetween April and October.  (Map 78 O 9,13).

Someswari River.—(Garo Lills).  Unsurveyed in detail, hut looks  promis-
ing on the layered and | inch maps. At the junction where the Ramthang and
Semthang from the west join the Rangdi from the cast the catchment aveas arc
about 300 and 170 squarc nules, or 470 in all.  Rainfall over 100 inches, of
which 90 per cont. falls between April and October.  (Map 75 K 10, 11, 1, 15).

APPENDIX VI.

Bengal and neighbourhood.

Chittagong.— A small scheme was drawn up for utilizing the Karnaphuli
River mear this town, but no details are available.  Rainfall about 100 inches.
(Map 84-B, unsurveyed).

Damuda River.—There appear to he 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
oxponsive. The rainfall averages 50 inches in the area.  The Port Commissioners
of Calecutta arc intercsted in the rveservoir projeet, as the monsoon flush is
roquired to keep the River Iooghly clear.  Several reservoirs wers proposed,
onc of the upper ones 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 million cubic feet; and the river bed
holow this has a slope of about 10 feet per mile. The prospects ave not alluring,
owing to the proximity of the eoal ficlds and the high cost of any development.
(Map 73-M). ]

Dazjecling Distriel.—The present plant (Sce Table 2) is incapable of
supplying the whole district and various schemcg (Table 5) have been drawn
up for further power. None of these are particularly comprchensive and
detailed examination should improve on them. The Great Rungeet River is
mostly out of British territory 5 the Little Rungeet River with its tributary hill
nalas is in all cases suggested, and these are certainly capable of development.
They have a catchment area of about 200 square miles. It is probable that at
least 1,000 feet head can be obtained with a minimwm discharge, from the
Little Rungeet and the Kahill Nala alone, of 10 cusces. The 2,000 foot
contour offers a favourable channel line, and the drop would be made to the
Great Rungeet whoere these streams meet it, at ahout R. L. 1,000 feet. No
storage sites (other than for regulation) are probable; but power to the extent
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 fth April 1919,
when the flow was exceptionally low, at points seleeted s likely to be reliable,
and capable of being combined into a single schemo. The cocflicient locally
adopted has been changed from 066 to 05, asthe hydraulic mean depth is

.oxtremely small and the beds are full of boulders and no really good cross

scctions ave possible ; the readings however were carefully made, and the reduced
results are dependable.

Raman 48 cusecs ; Lodhoma 17 cusces; Rungriate 4} cusees; Rilling 7
cuscees ; Little Rungeet 22 cusces ; Kahil 7 cusces ; total 105.

(Map 78 A 7 and S, 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, Chin Chu
or Raidak, Sankosh, Saralbhanga, Manas, as well as smaller streams, all come
fvom very high ground and must have great possibilitics; but no maps are
available, and no prospecting has been done.  Probably the power sites will he
outside British India entirely.

Jaldaka River.—(or Hidden Stream). This lies on the border line between
Kalimpong (Darjecling) and Bhutan and flows into the Duars; its npper
reaches are in Tibet and Sikkim ; the road up from Kumani Forest Bungalow
is negotiable by elephants for some distance; it crosses and recrosses the
boundary, ovor the river, which is harely fordable to men at the lowest water
in April before the snows melt. The 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
woek of April 1919, when the discharge was believed to be the lowest ever
known ; it was about 180 cusces at the junction, where the clevation was found
to be a]mut 2,000 feet. 'The tributaries lower down were neavly dry in - March
1919.  The rainfall is not less than 150 inches, and the flood discharges ave
vast, probably over 40,000 cusces at times. The slope of the hed is fairly

v
o

T2



70 { BENGAT, STTTS. [Arr. VI

steep thronghout, down to the plains near Sipehu Ghat (some 12 miles) where
the clevation is about 680 feet. The upper part of the area has not heen
surveyed, bub it is probable that a channel could e taken along the right
bank, in British territory, at about contour 2,000, to a point near Kumai Tes
Tstate, where a drop of 1,000 feet or more may be obtainable—but the lower
part of this again has not bheen contoured. Neither the stream beds nor the
hills along the rouie appear to alford goad facilitics for even regulating storage,
hut further investication is requived. I this development is impracticable
other sites lower down may nof prove so; there are several places where a dam
micht (with difficulty) be built to impound a fair lake, and the river does not,
carry much silt normally, but the eseape would have to be over the dam. The
viver appears likely to afford at least 32,000 e.h.p. continuously without any
storage.  Its possibilities ave, however, vastly greater, as if harnessed it wonld
he required for the tea distriets of the Duars; Mr. A. I[. Ahbott of Octavius
Steel and Company, who are managing Agents of many of these sardens, first
drew attention to the potentialities of the river.  Tea plucking does not hegin
until the first rains produce new leal s and as soon as the catrly rains beein the
discharze rises.  Furthemnore, hefore the {ea season is in full SWing, fhe snows
beein to melt and sapplement the cold weather flow. Tt is very probable there-
fore that by the time the power would he wanfed there would he from 50,000
ehp upwards available 5 hut whether {his could be developed at a sivgle site is
somewhat doubtfal.  An artificial chanuel av flume of laree capacity (several
hundred cusees) would have to be earvied Tor many miles along the hill side,
across several lavge tributary nalas, and possibly along precipitous or treacherous
ground.  As, however, the industry awaits the power the scheme is well worth
detailed examination.  The submonfane tea area of the Duars covers about 1,000
square miles, all within casy transmission reach of the site.  Some 90 million
pounds of tea are prepared in a season, vequiring the equivalent of some 85,000
tons of coal, costing at pre-war rafes over 13 lakhs of rupees.  The greater part
of this fucl, about 60 per cent, is used for drying purposes, to heat air which is
driven by fans through the leaf af o temperature of about 2207 ¥, The volume
of air required is considerable, bub the heating of it clectrically, by means of
resistanee coils, is a shimple matter, already done on as large a seale in other
industrial drying operations. The power required for this purpose is lavge, hub
susceptible of exact ealeulation.  The district is probably able to absorh the
whole of the power that can be economically developed from the Jaldaka River,
during the scason from April to December,  (Map 78 .\, 12, 16 Partly avail-
able on 4" scale; part unsurveyed on horder of Sikkim and Bhutan.}

Silikim.—Messrs. Burn & Co., Ttd., of IIowrah have obtained various forest
and mineral concessions in Sikkim, including the right to develop clectrical
enerey from waler power.  After investigating a sch'mne to utilize the Tahung
Chu and Zonn Chu at theiv junction (hey finally decided to develop power at
the Lagyap Pass site, cast of Gangtok.  The source of power is a perennial
stream {lowing from a snow-fed lake at a high altitude and eventually finding
its way to the Tista River. 'The site is near a gap on the watershed, through
which the stream will be diverted to the west, without a tunnel. Tt 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 difficult. The site is
estimated to yield some 6,500 c.h.p. continuously af an overall cost of about
one-tenth of an annaper anit.  (No maps available.)

Tista River.-'This is a snow-fed river with a minimum discharge of 10,000
cusees. The slope of the hed where it enters the plains is about 10 feet a mile
for 20 miles ; and until woll into Sikkim, above the junction with the Great
Rungcct, the slope does not materially rise. The river is subject to cnormous
floods from its 3,000 or more squarc miles of catchment, and although capable of
yiclding much power the development would be an expensive one. There is
little doubt that a dam would be the only method of controlling the floods and
concentrating a fall (4.e., its storage would not he drawn on) ;and to construct
this would offer engincering great difficultics owing to the high minimum dis-
charge. Assuming that a 50 foot head could be obtained by this means, as is
probable, this would give some 45,000 e.h.p. continuously ; and more than one
such place could in all probability be found.  The river in its lower hill reaches

. may he estimated as good for ab least 150,000 e.hop. at v price (Map 75-A).
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List of Sites in Bihar and Orissa.

Baralar River: see Usei River.

Burhabalony River (Mayurbhang). Mr. (now Major) C. L. Douglas, late
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 feect, and he
oxpressed the opinion that 10,000 c.h.p. or more could be developed with the
aid of storage. Itis probable, however, that only a single gauging of the dis-
charge was made, which may have been by no means at the lowest time or in
a dry ycar. The reservoir sitc at that time was unbroken jungle, and not
surveyed in detail. The rainfall in the surrounding plains is 60 inches, of

which 90 per eent. falls hetween May and October ; it is certainly much higher
in the Mayurbhang hills, which rise to over 3,000 fect. The sitc has now
heen re-examined under the orders of the Chief Engineer, Public Works De-
partiment, Bihar and Orissa. It is reported that there are two main reservoir
sites which will cover over a square mile each and store some 1,200 and 1,000
million cubic feet respectively ; while the first of these, situated helow the
junction with the Bukwa stream below Simlipalgarh, can he 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 regulating dams can
he built close to the fall with a capacity of 100 million eubic feet more. The
fall itsell is 795 feet high but ean be raised to 950 feet by carrying a channel
along the eastern side for a length of 2,500 feet, thus confirming Mr. Douglas’
opinion. It is probable that the site is capable of a development of 10,000
e.hup. at least, and Mr. Douglas’ estimate has not heen disproved.. (Map. 73J.
S and K. 5.) ’

Durgaoli River, tributary of Karamnasa, Shahabad District. At Kadbar
Klioh, 9 miles from the river’s source, there were reported to be storage possi-
bilities, but the Chicf Engincor finds the valley unsuitable owing to the rocks
heing much fissured vertically and horizontally, Rainfall 10 to 50 inches
nearly all hetween June and September; eatchment arca about 27 square miles
‘only. The site is reported by the Chicf Tngineer to he useless, as the
minimum discharge in 1918-19 was only  § cusce. The Bichli (Mojhli) site,
close to the former, is equally useless and dries up entively. (Map. 63111

Garrhe Nadi, Singhbhum District, at Dutaura, -+ miles north
of Dhirol Public Works Dcpartment bungalow on Chaibasa-Moholia Road,
has Deen examined. There arve 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 cusces in February 1919 at this site, where the stream hreaks
throngh the hills. It is & miles north of the ITaldopokhar Road. (Map 73 J. 6.)

Kakolat Fall, Gaya District.  This is 10 or 12 miles south of Nawada in
the hills running east from the Job Nadi.  An article in “ Indian Industries
and Power” says “ At the very minimwmn this may be expected to yield
253,000 horse power ” but it is, on the other hand, reported by the Commissioner,
Patna Division, to run quite dry in the hot weather. ‘The discharge was
2 cusces in February, 1919, Large storage is therefore essential.  The eateh-
ment arca is extremely small and the available fall is only 160 feet. The site
is reported as quite useless by the Chicf Engincer. Rainfall about 50 inches
nearly all falling between June and September. (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 Road, is about 150 feet.  The catchment
area is about 260 square miles and the rainfall 50 to 60 inches, of which that
falling in Junc to September is alone of real value. The minimum discharse
in 1918-19 was 1} cusecs. No reservoir can be formed at the fall, but without
storage no great power can be cxpected. 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.)

Kao River, Shahabad District. Above junction with Kudra, at Tara-

chandi. ITas heen cxamined and site reported by the Chiel Engineer as use-
less.  (Map 72 D, 1.) '
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Kuro River, Ranchi District. At Perua 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 eatehment area is over 500 square miles, and the minimum dis-
charge in 1918-19 was 1 cusec.  Btorage is probably available 8 or 4 miles
abovo the fall, which can also be increased hy a suitable take-off.  Rainflall
about 50 inches, mostly hetween June and September.  (Map 73 T. 1)

Mohana River.—Tributary of Phalgu river, ITazaribagh District, 10 miles
south of Grand Trunk Road. The Pamasin and Ilarikhal falls have bheen
examined, and there appear to be storage possibilities 10 miles above Itkhori
and possibly elsewhere.  The falls are 50 and 60 feet respectively, and extra
head can be obtained by taking off at Ttkhovi. The catchment arca will he
about 200 square miles at this site. The wmintnwm flow is negligeable.
Rainfall 50 inches, of which only that hetween June and Qetohor, amounting
to 92 per cent. will he ol any realuse.  (Map 72 I 3, 4, Q)

Nindi River.—There is a 200 foot water fall at Mauzah Nindi, Thana
Bishunpuy, 1 miles north of Serandag and 10 miles east of Bishunpur. The
catclunent area is about 12 square miles only, but the monsoon rainfall is 50 to
60 inches by themap and probably more on the crest of the hills. Storage will
he cssential and the site will probably not allow of sufficient to he of any use.
(Map 73 A 7).

Papaharan  Rirer, Padampur Zcemindari, Sambulour  District. The
Narsinghnath or Kapildhar fall, 97 miles south-west of Smn]mlpm‘, and 20
miles south of Padampur is ahout 900 fect all told, but the catchment avea is
only 2 square miles with a minimum discharge of about | cusces. It had
previously heen reported that the fall eame from “a vast sheet 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 utilize the site.  (Map 61 . 1),

Plhulwaria Ricer, Shahabad. Ilas been examined at Zibhar Khund,
whore there is a fall of 150 to 500 feet, hut the discharge is very small and
storage impossible.  The site is useless.  (Map 63 P.9.)

Sankl River.—There is a site under examination 3 wmiles (rom Rajdern,
on the southern end of the Pakripat-Natavhat Platean.  The eatchment avea
is only 32 squarc miles with a rainfall of 60 inches, eonfined almost entirvely
to June to Qectober. The Rajdera fall is 173 feet and it is helieved that a
veservoir ean be formed above it, increasing the practicable head by tunnclling
through to the river.  There are mines near. The power is unlikely to he
sufficient for alumina veduetion, but bauxite is found within reach. The
minimuwn discharge in 1915-19 was only 7 cusce.  (Map 73 A. 3).

1bid —The Perua Ghag fall lower down the Sanklh River, 12 miles north
of Kochdega and L miles cast of Kundra on the Gumla voad, is ahout 23 fect,
and the catchment area here is over 900 square miles. The hed some miles
above the Fall is wide and a reservoir site may exist, hut storage would he
costly. The fall is dry except in the rains, being on a loop of the river, but
the main discharge 1is reported as having heen not less than 144 cusecs
in 1918-19. (Map 73 B. 5.)

Son River.—TIt iy stated by the Chicf Engincer that any storage scheme on
any tributary of this river might be of value for ixrigation for the Son Canals.

Subarnarika River. —The ITundrughagh fall, of about 312 feet, is 13 miles
north of Angara at the Glst mile of the Ranchi-Purulia Road and 20 miles
from Ranchi. Extra fall ecan he obtained by taking off 4 or 5 miles higher up
stream. The catechment area is roughly 500 square miles with rainfall between 50
and 60 inches, nearly all falling between June and September ; and the eold
weather discharge is about 60 cusees, falling to a minimum of 12 in 1918-19.
There is no suitable reservoir site at the fall, hbut many higher up, all expensive
however in arranging for surplus flood water. Probably the site is capable of
aiving 1,600 e. h. p. or more. (Map 73 E 7, 11, 15.) ‘

Another site has also been examined -k miles west of Chandil Village, where
a storage site exists rcquiring a dam 60O to 1,000 feet long, to store an
enormous volume of water up to 100 fect above bed without {looding the railway.
Iere the catchment area is over 2,000 squarc miles. There is a subsidiary site
lower down, which might serve as a permanent damn to give the necessary head
and two possible additional storage sites further up stream. 'The cold weathgr
discharge is fair, but the stream 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 inchces, mainly
confined to June to September. Tlte site will be very expensive to develop, and
the power could not compete with waste gas from the Sakehi farnaces.  (Map
73 J 1 and 5). . . , oo T

Usiri Riwr.«——llazambag‘h_ District. At Usri, about 7 miles from .Gll'ldll.l, just
below the crossing of the Gobindpur road, a fall of about 180 fcct is obtainable
where the junction with the Barakar river is. A good storage site cxists above
and has been surveyed by the Bgngal Irry_:atlon Department in connection
with the Damodar flood regulation.  Believed to be worth some 1,200 e. b,
p. which would be usctul for the construction of the neighbouring dam on the
Barakar River. Of the total rzuni,'a'll 91’ 50 .mchcs 86 por cent. 1s '(luc tp the
Junc-September monsoon. The proximity of the coal figlds renders it nnlikely
that the fall will be used. (Map 72 L 8.)
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Lhatsa Licer.~—There are said to be falls in this river at the site indicated
iicar  Shaliapur, bhut no details are known exeept that the rvainfall in the
catchment of nearly £00 square miles is very high, probably 200 inches or more
in the Ghat arca, from local information, though there arc no records ol the
Meteorological Department there. Tt practically all Talls between June and
Scplomber. (Map 17 I3 7.)

G angavali River.—"The Magod falls on thisriver are said to be 800 feel high
and have a catehment of about 280 square miles with @ood rainfall of from 30 to
75 or possibly 100 inches. No details as to minimwm  discharge.  The rainfall is
heavy during June, July and August, hut there is generally a fair fall in May,
September and October also. (Map 18 J 9, 13 ).

Igatpuri,—Western Ghats. There ave possibilities of a further storage
project here (site 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 Scptember. (Map 17 B )

Ludus Biver.—1E the proposed barrage at Sukkur is built there may be
considerable power available and high level irrigation may alford an outlet for
it. It 1s too carly to discuss this.

Kalinedi Ricer.—The Borkund falls are said {o he worth examination; also
the Vincholi falls, and lower still, the Lalguli falls ol 500 to S350 feet according
to length of <canal. The catchment is in the high rainfall district of the
Western Ghats, iz, 100 inches or more, and is about 280 square miles in arca
at the junetion with the Dogi, ucar the lowest fall; but the minimum
discharge is not known ; it was 200 cusees at Lalguli in the summer of 1903,
datc not given. A fall higher up the river, near Londa, is also believed to
exist ; probably this refers to the rapids at Supa, which have been surveyed for
power required at Dandeli, as proposed by the Conservator of Forests, Southern
Circle. Thelarca has considerable industrics, and the tail waters could bhe used
for irrigation. The Lxecutive Engincer, Kanara, estimated (in 1903) 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 Ricer Project.—This is already entered in Table 5 as having been
investigated by Mr. A. 1. Arnall.  The catchment area is 316 square miles in the
Western Ghats.  The proposed Helwak Lake will have a draw-off capacity of
120,000 million cubic fect, giving 300,000 c. L. p. continuously. The water
will be tunnelled through the watershed and the head 1s 1,600 {feet.
Rainfall said to be 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 17 G 10, 11, 11, 13.)

Malupraba River.~Belganm District.  There are falls in this riverat the
point indicated, but no details are known at present.  The catchment avew 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 18, 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 Trimbalk hills,
which have a rapid drop from about 5,000 fcet clevation down to 2,000 feet.
The catchment arca at the site indicated appears to he al:out 180 square miles,
with a monsoon rainfall averaging 30 to 40 inches but probably far higher
in the upper rcaches; it is confined however to the monsoon period. (Mup 17

E 11, 15.)

Nila Mulv Projeci—This is already entered in Table 5 as having been
investigated by Mr. H. P. Gibbs. The catchment arca is 111 square miles in
the Western Ghats, and the proposed Nila Mwla Lake is estimated to have a
draw-off capacity of 18,000 million cubic feet, giving 150,000 e. h. p. for
8,600 hours per anoum, so that for tabulur purposes the power may he given as
75,000 ¢. h. p. continuously. The water will be taken through the watershed
in a tunnel and the head is 1,700 feet.  Rainfall about 150 inches, though on
the contoured wap it is in the e of 75 inches.  (Map 47 1 6, 7, 10,11.)
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Nira Candl Project.—Poona. SecTable 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 irrization. The Ing falls or
rapids also appear to offer some power for 8 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 appears
promising from the maps, and the monsoon rainfall i~ said to be very high,
from 150 to 200 inches. The catchmment at the point indicated appears to be
about 80 square miles. (Map 47 E 10 and 11.)

Sharavati River.—Distriect Canara. The Gersoppa falls on this river
have a drop of some 800 feet, and it is belicved they have heen examined for
power, though no details have heen reccived. The falls are within 20 miles of
the sea and near Bhatkal Harbour, which is under investigationr 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 ave said to he 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 1S J 11 and 15.)

Vaitarna River.—There are waterfalls in this river at the 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 cateh-
ment of the order of 200 square miles.  (Map 47 E 2, ).

Canal Falls, Bombay.
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It is possible that these falls might be combined, no information is availalle.

Pravara Left Bunk Canal.
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Combinations of falls are apparently possible here also.
M
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 Anisakan River, Jlaymyo, tributary of Myitnge. The Deitdawgyi falls on
t]ps river have a drop of about 1,000 feet, almost sheer down, and tﬁe 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, thouzh
these bave not becn surveyed, close to the falls. One appears to be 30 to 10
acres in area. It is possible that other small streams can be diverted into the
catchment. No canal is required and a short pipe line only. There is little
doubt that such power as is required in Maymyo can be obtained at reasonahle
cost from this project, 200 to perhaps 500 eh.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 ai)sorb
léllost of the 51.111}11 flow 'in the dry months. The stream is also called Nadauneva
(\E;;ng?) C,}{Sl,l)lmmm discharge in 1919 was 2 cuseces at Htonho near Sedaw.

Balu Chaung ; See Laimaw River.

Baw Channg—S8ee Tavoy.

Beon  River.~Tavoy. Mr. Crossley of the Sout '
‘Burn}esc Wolfram Co., has located an 1,1%0 foot fall onh?ﬁlis arrilx(rierB?)ltﬁsdaly
caugings ar¢ available, (Map 95 J. 12, K. 9.) ’ e

Bernard Myo River—This river, 9 miles north of Mogok, is said to have
a minimum discharge (due to springs) of 20 to 40 cusecs:: and a good d op,
stated to be several thousand feet in o short distance. It runs into the i(oi)’
Chaung, a Htrll)ut'ary of the Swecli, and is probably capable of 8,000 c.h :l
01{'_ 11110'1*01. gf}ock is g‘bncEs,sh agdtlimcstone. Rainfall hetween 100 and 50 inélléls -
of which 96 per cent. falls between May ¢ N or.  The ' -
is zt?)g)l)lt 12()15(1[1211'0 miles.  (Map 93 Alyh‘.gnd Novouwbor. The catehunent arca

ilin River.—South west of, and on road to, Pa ; sal :
9xamination.. An isolated river, with seven months’ l;ggli’.alslmgf t(i()get(‘)vollig
lllCh'OS over its catehment and 5 dry months. The drainace area above Yi .,
(wlulch 1111&}% however lﬁe near sea level) is about 600 quuarc miles. Tt 111(1)1111;
nearly dry for & months, so storage 3 essenti ( | j
unsugrvcy,zd') ge would he essential. (Map 94 G, but mostly

Chaungmagyi. See Madaya RR.

Che Chaung.—Yaw district. A promisine corce wi renni
discharge is found 4 miles above Yeshri)n villagz, 45 ?lfll(:; lft:'lon? 1%?1(1)1(3 peronnial

Chindwin River.~—Tributary of Trrawaddy. Kanti Fall (pres.unnbl at
tl}c place of that name, latitude 25° 58’; longitude 95° 45") is said to Lha{e a
discharge 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 mosl promising site on the river
May be valued at a probable 10,000 e.h.p., but has not been examined.
Mr. Barlow considered it well worth investigation. The catchmen‘t is ver :
great, probably 5,000 square miles, with rainfall about 75 inches. (Map 83 y
but unsurveyed).

Ileho River.—Beyond Kalaw on the road to Yawnghwe, There is here a
very large and almost flat valley, mostly cultivated, evidently an old lake bed,
spongy peat like soil, with outcrops of inferior peat. The area 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
squarc 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 fecds the nala that drains the area. The discharge
was estimated to be 150 cusecs early in February, 1919, and was gauged at
103 cusces on the 25th of that month. It was again gauged on 28th April and
found to be 61 cusecs, which may safely he taken as near the absolute minimum.
At the exit throuch the hills into Yawnghwe, from the smaller flat referred to
above, there is a rapid series of cascades giving a drop ot 672 feet ina horizontal
distance of 4,000 fect, but it is believed that there is a further fall of 100 feet or
more within easy 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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good and is suitable for a duct, and the pipe line would be reasonably short. A
small regulating tank conld be made at the head of the fall and a reservoir of
large sizc 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
considorable volume of water in the small flat valley without flooding the
Inrger valley. The cross-section at the dam site is very favourable so far as it
lias 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 other.
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 waterfall 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 cmbankment
being constructed at the neck across the smaller valley. Thus, suppose the
main dam to be 30 feet high, giving a water level at the neck 16 feet
above the stream level. Then the pumping through the embankment at
this point would only require 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 cxamination confirms

‘this) is comparatively cven 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
hest location for a channel from the head of the fall to the point where the
pipes would he carried down to the power station ; to survey the most practic-
ablc pipe line in cach easc; and to determine from these which baulk should be
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. lv. p. on ordinary 12 hour working. At the lowest
estimate storage coupled with the much greater normal discharge would give at
least hall as much again. The scheme appears to be a first class one of about
10,000 c. h. p., which would not he expensive to construct, and 1t should
be fully investigated. Therc is, however, no likelihood of the power being
required in the district unless an industry is founded on the ypower. The
Kalaw railway will soon be extended up to the site, and there is considerable
traffic awaiting it. The site was cxamined by Messts. Barlow and Meares and
subsequently discharges and a preliminary survey were carried out by Mr. F.
A. Clift, Exccutive Engineer, Taungyi. (Map 93 D. 10,14.)

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

Indawgys Lake.—This has an area of some 40 squarc miles,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
availab)le fall is not known ; nor is the catchment area and rainfall. (Map 92
C. 78

Irrawaddy River.—Reference has already been made to the British Water
Power Committee’s remarks ou this catchment. Having seen their figures Mr.
T. Hare, Executive Engineer, Public Works Department, drew up a scheme for
harnessing the river at the defile by damming it below Sinbu. 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
construct, with this diversion, a large flooded area with the submergence of
many villages, new roads required, ete. The floods rise 60 to 90 feet in the defile
so that it is improbable that with any reasonable dam a head of more than 50
feet could be cbtained. 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
probibitive.

Kainggyt Ye Ta Gon in the Tawnglet circle of Monglong sub-State,
Hsipaw has heen 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 & months. (Map 84 B. C, and G. unsurveyed.)

Kalonta Gorge—See Tavoy.

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

Kin Chaung River, 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 whercas 3 miles further up it appears to be about 1,100 feet.
Rainfall about 100 inches, 96 per cent. falling hetween May and November.
(Map 93 B. 5.) '

Konwel River (ncar 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
oood, but the catchment is not known. If the streams at Mongmit make it up
it is about 00 squarc miles, but this has alvcady been included (rightly or
wrongly) in the Kin Chaung. The river joins the Muik, (¥) a tributary of the
Shweli. Probably good for 3,000 e.h.p. Raiufall 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 kpyw Chaung.—See Tavoy.

Laimaw 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 Lake. Considered capable of 2,000 eh.p. Rainfall 10
to 50 inches of which 97 per cent. {alls between Apri_l and November. The
catchment area appears to be abont 370 square imiles up to the valley,
but the _\tlas sheets show some of the streams appareutly flowing hoth ways!
Tor this reason many of the catchments may have been wrongly estimated. They
can be checked by larger scale maps later on.  (Map 93 D. 14,15.)

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

Lenge Chaung, Meiktila, Div. Minimum discharge at Pweya Se was 275
cusees on 29th April 1919, ' .

Lenya River, below Mergui ; said to have power sites. Rainfall about
160 inches, lasting from April to November, with a catchment at Lenya of some
700 square miles. (Map 96 I 1.5, 1‘6.) . o

Madaya River, or Nam Pai, tributary of Irrawaddy. This has a minimum
discharge in the hot weather of about 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 area at Gwe Kyaung is about 1,200 square miles,
but the altitude there is not known. The minimum discharge in 1919 was 350
cusecs on the 19th May at the headworks of the Mandalay Canal. (Map 93 B.)

agyi Chaung.—Tributary of Madaya, 45 miles from Mandalay ; this and
other similar streams near had a fair discharge (about 50 cusecs) 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

ava (¢. v.

Mad%]iljugqﬁ } v)e)', tributary of Irrawaddy. rl"his is said to have some possibilities
below Ngape but is very little known. _It is near t.he Mon River and has lesg
discharge; and may even dry up at times. A discharge taken near Payagyi
village, 12 miles above Aingma x.veir, showed 10 cusecs on Aprxl_ 7th 1919.
A f;ll may be got by tunnelling through the w_atershed,-lt 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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Mandalay District (see also Anisakan River). From the headworks of the
Mandalay canal the Yetagon waterfall, flowing into the Madaya, can be seen
some 6 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 11! cusces. The minimum, on 12th May,
was b cusecs. The catchment is only about S square miles. Reservoir pos-
sibilities are poor, as the limestone is very fissured, but a site north of Yonbin
village might carry 100 million cubic feet. The site appears good for 2,000
e.h.p.  Rainfall about 10 inches, of which 97 per cent. falls between April
and November. (Map 93-B 2, 3,06, 7.)

Mandalay District.—There is said to be a perennial stream with a large fall
some 35 miles north east of the town, not far from Mogok. No details, but
probably refers to Madaya or Magyi Ch. (q. v.).

Manipur River, tributary of Myittha. Subject to high floods, and has a

uick slope, but in very wild country and unlikely to offer much steady power,
&ough stated to be worth 4,000 c.h.p. Rainfall 50 to 100 inches, over a
catchment of some 1,000 square miles, including the considerable Laktak Lake,
near Imphal. (QMap St E. & F., unsurveyed.)

Menyan River.—This has not heen identified, but is said to have a perennial
discharge and a good fall 20 miles from the Irrawaddy.

Mindon Chaung (or Ju) River.—Tributary of Irrawaddy, Thayetmayo Dis.
trict. The upper reaches of this river are stated to be worth examination, and
cood for 2,000 e.h.p.  The lower parts are navigable and useless for power.  The
rainfall varies from (0 inches up to 100 near the watershed, of which 95 per
cent. falls between May and November.  The catchment area ahove Mindon is
ahout 600 squarc miles. Discharges are available from 1893. The minimum

-on record is 95 cusees at the Shwebo Canal.  (Map 35 1)

Minpaw.—A 30,000 horse power scheme was mentioned, working on a
230 foot fall, but it has not been identified so far.

Mon River.—Tributary of Irrawaddy, said to be perhaps worth prospecting
as discharge is generally cood (seldom below 500 cusees) and slope quick in
upper reaches.  Very little information available, as the region is inaccessible
and unhealthy until January, but a possible 6,000 e.h.p. was suggested.  I'rom
Kyion downwards, above the canal headworks, it is believed that excellent
reservoir sites can be found to carry over the low water period, and from 2,000
to 10,000 e.h.p. can be obtained. .\ discharge taken at the end of April 1919,
cave 279 cusees above the Dwe junction and on the 5th May 150 cusecs at the
canal headworks, Mezali, 40 miles lower down.  Regular readings are taken
here.” Some of the tributary streams look favourable on the map, espeeially one
which joins near Dwe. This tributary joins the river above Paiksok, and
carried 18 cusees at the end of April 1919, The folal catchment heve is about
S00 square miles, Rainfall in upper reaches 30 to 75 inches. (Map St L 2,
3, 7). ’

Monghang River.——Southern Shan States. A natural limestone tunnel

oxists here with a fall of several hundred feet. . It is about 150 miles south east

of Taungyi, a cart road existing as far as Mongnai. River not identified, but
probably on map 94 L. :

Moulmein to Pegu.—The hills near the railway arc said to offer possibili
ties by running through the watershed from reservoirs on the cast to the coast
side. ~ The w8k is good. Rainfall probably over 150 inches, mostly falling in
May to October. Detailed examination of maps will be necessary.  (Map 94 C
G. H)
Mu River.—See Mindon Chaung.

Myittha River.—Tributary of Chindwin. Near its junction with the
Chindwin River this (which includes the Manipur River) is said to have a
series of rapids and a large discharge, but it is of doubtful value except in
upper reaches. DProbably 3,000 c.h.p. could be obtained. The lower reaches
arc at times navigable. Rainfall 10 to 753 over very large catchment (of the
order of 10,000 square miles), bat concentrated into about 6 months (Map 84 I,
mostly unsurveyed.)

Myitnge River.—Tributary of Irrawaddy. There are falls above Theebaw
which could be increased, coupled with good perennial flow. This river is said
to be “ full of power sites.” The discharge in March was about 10,000 cusecs
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in the reaches neay the Mandalay-Maymyo Road. Some 25 miles further up
there is said to be a promising * hair-pin ” bend.  The floods rise ahout 30 feet
and a dam would he most difficult to construct, but a tunmel across the hend
appears simple.  (This is similar to the Sutlej Scheme.)  The tributaries of this
river are worth gauging and examining, (Sce Nam Tu, Namma and Nam Laung
below.) The rainfall over the whole catchment of some 8,000 square miles at
the junction cf the tributaries named is probably about 10 inches.  Minimum
discharge in 1939 was 6,360 cusces on 16th May at Kimbet, (Map 93 B and 1)

Nandaungya Chaung ; sce Anisakan falls.

Nam It River.—TIributary of the Nam Laung and the Mpyitnge,
60 miles east of Kyaukse, said to have 1,000 feet fall and a large discharge.
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 c. h. p. Rainfall ahout 40 inches of
which 94% falls between May and November. The eatchment area at latitude
21° 35/, which is probably near the place referred to, is about 1,000 sq. miles.
(Map 93 C10, 14 with G 1, 2).

Neam Kaw, falling into the Salween below Na Tang.  (Map 93 J, 11.)

Namlwe Lake, north of Yamethin. There is a project here but no details
arc known. The Executive Enginecr, Meiktila Division, proposes to examine it.

Nam Lan River.—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
ratural 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 Et flows in
above this (q. v.). Rainfall about 40 inches.  The eatchment at the junction
mentioned is however about 3,000 gq. miles. (Map 93 1 Jand 8).

Namma River-—This joins the Namtu (q. v.) helow Mansan Falls, and
some 12 miles from the junction there is said to e a site with a fall of 200 fect
and a minimum flow of about 600 cusecs, equivalent to 11,000 ¢. 1. . There
is also a possibility of making a large reservoir a little distance above the
natural hridge that gives the drop in this river.  The rock however is limestone
and may be fissured. A further site 20 miles due west of Ilsipaw was
mentioned.  Coal (poor quality) is found near this viver andtheve is also
iron ore. Rainfall probably 40 inches. The eatehment area ab N is
about 100 sq. miles.  (Map 9517 10 and 1L and J2) The Nam Hawm or
Nambsawn tributary on map 93 J, 3, above the junction with the Nawma, is
alxo mentioned.

Nampai River.—Sce Madaya River.

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

Nam Pawn River—Tributary of Salween. Navigable up to latitude 197,
but has a large perennial discharge and probably has rapids in - upper reaches.
There are falls between lsataung and Karcnni, hut not of great height.
Rainfall 40 to 0 inches. The catechment arca above latitude 20° is some
1,600 sq. miles. (Map 93 G.H.)

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 20° 20" to 20°55. Thereis a “ good discharge” and the road from
Taungyi passes near by. Rainfall 40 to 50 inches of which 97% ®lls between
April and November. The catchment area 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. Alrcady being developed atthe
Man San Falls (see Table 4). 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 below Nam Tu the low water discharge is
estimated as 15,000 cusecs and a fair head may be ohtainable. There is also &
possible site 12 or 15 miles above the railway bridge over the river, aceessible
from Hsipaw. Near Hsipaw where the Nampu (?) Chaung joins the
Namtu there arc said to be good possibilities and power may be wanted.

At Makyeng some 84 miles above Namtu town, it issaid that 1,500 h. p. can .
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be developed, but the falls are mostly small and would be expensive to combine.
Rainfall about 40 inches with a catchment area, at the junction with the
Namtu, of about 5,000 sq. miles. (Map 93 B, E and F).

Nyaungho Stream.—Thaledan IForest Reserve, Said to have possibilities
28 miles from Padaung or 40 from the Irrawaddy west bank, opposite Prome.
Discharge not great in the hot weather, but a drop of 1,000 feet or more
available. _

Pang River.—Tributary of Salween, Southern Shan States. In about
6 miles, at a point 2 miles south of the Taungyi-Kengtung road, there is a fall
of some GOO feet in a series of cascades. The stream is of considerable volume.
(Map 93 H). -

Panlaung River—~—Tributary of Myitnge, above Myittha, Kyaukse, is
said to be well worth prospeeting, as there is a natural reservoir site of some
5 acres extent ; the rock however is mostly limestone, and fissured. Discharges
of -1t00 cusces and a 900-feot fall were mentioned. Position not identified, but
probably good for 5,000 e. h. p. or more. It is believed to have  been surveyed
already either by Government or the Burma Railways, Limited. The catch-
ment cannot be traced on the Atlas sheets, but includes that of the Zawgyi
(q. v.) and is probably over 4,000 sq. miles at Kyaukse. Rainfall 30 to 10
inches.  Discharees have been taken from 1909 onwards.  The average flow
bhetween Deeember and May varied fairly evenly between 1,100 and 100 cusecs.
A flow of 500 cusees ean generally be depended upon.  (Map 93 C).

Panlang Rirer.—'Tributary of Sittanyg; also said to be worth examination.
It is apparently near the previous entry, but the site has not been identified
as yet. (Map 93 C?).

Papin-Dagwin road.—Near Yedagon hill stream has a discharge of
ahout 20 cusees in February, and may have a site giving 1,000 feet head.

Pathechaung Liver.—Near Toungoo. May have a little power, sufficient
for local nceds (200 c¢. h. p.?) But there are no reservoir sites and dry
weather discharge is small. *The river however i$ constantly mentioned as
worth investigation.  Thandaung beyond here has a rainfall of 200 to 250
inches, between May and November, but practically nonc in other manths,
and the catechment 1s quite small.  (QMap 94 A 12).

Paungduw Chaung.— Sce Tavoy.

Payegale Ch. Peew Division.  Minimum discharge at mile 12-6 was §
cusec on Srd April 1919,

Pin Ricer.—Tributary of Irrawaddy, flowing from Popa Mount, an old
and isolated voleano (1,950 feet) scen from the Irrawaddy from Pakokko to
Ycenangyaung. 'The catchment area at Magyigon is about L0 sq. miles only ;
elevation here unknown. There are numerous springs on the hill side which
it is believed could be collected to give a good discharge at a fair altitude above
the flat plain. Rainfall 80 to 50 inches of which 96% falls between May and
November, (Map 810k 8; 1 2, §).

Pinkan River.—This is perhaps the same as the Pin; it has ““ a perennial
discharge and a good fall 20 miles by cart from the Irrawaddy.”

Pyu River.—'loungoo. Said to have possibilities.

Pyinpongy: Ch. Pegu Division. Minimum discharge 0'6 cusec on 8rd April
1919, at mile 18-1.

Salin River~—Tributary of Irrawaddy. Thisis said to be of no use except
for the tribufpry which runs from Kodakbam towards Laungshe, which is worth
reconnaissance. There is no definite information, but it isstated to be worth
1,000 e. h.p. Mount Victoria (10,055 fect) appears to feed this and the
rainfall isin the 50 to 100 inches zoncs. The catchment area of the tributary
in question is about 100 sq. miles. A discharge taken in the main stream near
Minyin village, 20 miles above the headworks of the Myaungmadaw Canal, in
thedry season of 1919, showed L cusecs only, with an additional 4 cusec from
the Mwe. (Map St K 4 and L 5).

Saingdin Creek.—\kval District. There is a mainfall of 47 feet and
others making up 66 feet helow Buthidaung and 8 miles from the Mayu River,
all in a length of 1,000 feet. Minimum discharge about 1,000 cusecs and
maximum 100,000.

Salween Ricer.—The Hatgyi Rapids about 100 miles south east of Taungyi
and 100 milesnorth of Moulmein, some -£0 miles above entry of the Yunzalin
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River, and below the mouth of the Thaungin R., are believed to be capable of
great development ; the pogsibility 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 fect is believed to be obtainable (reports are conflicting), and the minimum
discharge is stated to he ovey 1,000 cusces.  Another report says there is atriple
fall of 20 feet in 300 feet lencth, with a discharge generally of amillion cusees
—presumably this is in the rains.  The flood waters however rise ahout 90 feet.
Lime is obtainable.  There is a cart road to Mongnai, and pack transport must
be employed bevond.  May be considered worth at least 6,000 ¢. h. p., but
would be very expensive to develop.  The eatchment area is enormous and

covers the whole gamut of rainfall; and there are said to e more many rapids’

higher up.  Above the mouth of the Yunzalin there are said to he many sites,
especially § or 10 miles above Kammanaung, which is accessible by beat and
clephant. Here a canal a few miles long, which the banks would allow to be
constructed, would eive a moderate head.  (Map 9L G, square not known, but
probably unsurveyed).

Sewchaung.—Yaw dist. The gorue -+ miles above Sawand 75 miles from
Seikpyu can, it is said, he dammed to a height of S0 or 106 feet. Thereis
good {low in the dry weather. :

Shweli River ~Tributary of Terawaddy.  Said to have a discharge of 1,000
cusces in April, with a drop of 1,000 feet in 5 miles, (hichest fall at one spot
34 feet) 20 miles Delow the Iarge swamp or lake near Selan (R. L. 2,400 feet).
The lake land is too riehly cultivated and valuable to be dammed. There i<
granite rock in the district, and a good reservoir site exists higher up the river.
May be worth from 800,000 c.bh.p. upwards,  Rainfall 30 to 60 inclies, over a
catchment at this plaee of 2,500 or more sq. miles.  (Map 93 E 6, 9 and 13.)

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

Sin Bo Sin MMa falls;  Sece Tavoy,

Sittang River.—There is said to he a good power site on the head waters (7)
of this viver north of Pyinmana near Yezin village and near  Taungnyo.

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 cusees, which can be supple-
mented by storage with considerable bunds. The possibility of tunnelling
throueh to another catchment was mentioned at this site, in whieh case the
water would be useful for irrigation. The formation is lmestone, but hich
mud banks have been used successfully for storage in olden days. The site is
probably worth 5,000 c¢.h. p. - Rainfall 40 to 50 inches nearly all between May
and November. Catchment area not determinable from Atlas sheets, (Map
94 A 1,5; 93D 3, L)

The tributaries of this river on R. bankare also said to be worth exanii-
nation, having good perennial discharges up to 100 cusees in some cases. (Sawue
maps). . ) o
Tabak Hla River.~Where the Lwema joins this stream, 2 miles cast of
Numlaug, there is a rocky gorge with a drop of about 150 feet, o 2ood perennial
discharge, and a possible reservoir site. Rainfall and catehment arca not knowa,
(Map 92 G 12 7).

Talaingya Chaung ; see Tavoy.

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

Taping River.~This joins the Nam Ti which runs into the left bank of
Trrawaddy near Bhamo. About 31 miles up the river from the junction, near
the road suspeusion bridge, where the catchment area is about 150 or ’300
sq. miles, there is believed to be a cold weather discharge of 500 cusecs (mini-
muw not known) and a drop of 500 feet in 5 miles. The site s worth examina-
tion, and may be worth 10,000 c. b. p. or more. The Tunhong Gorge beyond
Kalechet has alsci been mentioned. Rainfall not known. (Map 92 H11,1%;
latter unsurveyed). ‘

Taungdwin Chaung.~Mingin, Myittha Division. This is stated to be worth
reconnaissance, though somewhat remote. Site not identitied.
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Tavoy Disirict.—One power site has been developed, see Table 2. It is
believed that many more, including good rescrvoir sites, are to be found; but
the country has heen little prospected for power.  Rainfall 150 to 200 inches of
which 06 % falls between May and October.  Mr. Raikes reports that gaugings
will be taken in the following;

Paungdaw Chaung, which has a fall of 600 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 falls have been determined as vet, but the first on the list is <aid to be
the most favourable. (Maps 95 J & K).

Teng River.—~—Southern Shaw States. (Nam Teng?). Near the Pang (q.
v.). This feeder of the Salween is said to have a large volume and a fall of 365
feet some 2 marches from the Tang falls (Map 93 1 7).

Thaukyegat River. Tributary of Sittang, 11 miles from Toungoo. This
river has a very large catchment area and hefore entering the plains is said 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. miles. It probably falls
very low in the driest seasons.  On the northern or main branch afair reservoir
appears possible, holding perhaps 1,000 million cubic feet, from which a short
channel would run to the power station. The run-off is said to he fair but not
high. Most of the smaller streams have a trickle of water and there are many
springs. the southern branch is not likely to be of use unless its discharge
can be led round by & channel into the northern branch near the junction. The
latter appears good for 6,000 to 12,000 e.h.p. from information received, but
further examination is required.  Rainfall between 75 and 100 inches, of which
96 % falls between May and October.  (Map 94 A 11, 12, 16; B 9, 13).

Tonbo River.—Mandalay. Attention has been called to the upper reaches
of this stream.

Ye River—ncar Pagvi (958° X 15° 20") has about 150 to 200 inches of
rain in the elevated catchment of over 100 sq. miles.  (Map 95 L3, 1).

Yezin Ch., Meiktila Division. Minimum discharge 3-8 cusecs near Yezin on
28th April 1919,

Yelagon Fualls—See Mandalay.

Yunzalin River—This is said to have a rapid fall of over 3,000 feet to
near Papun, but is very inaccessible.  Where the road from Papun to Kawluck
leaves the river the discharge is said to be about 10,000 cusecs and there is &
fall of 1,000 feet in 3 or 4 wmiles. ‘This site is accessible by elephant {rom
Papun and appears very promising. There are others lower down also.

Zamayi River.—Pegu District.  Thereisa waterfall in forest conipartment
91 and the river is believed worth prospecting.

Zami River, ranning to Moulmein. "The higher reaches are said to mevit
investigation as power may be required for pulping work, already proposed
there.  (Site not identificd). '

Zawgyi River.—Tributary of Panlaung and Myitnge. There is a small
waterfall of about 10 feet some £ miles north-cast of Lawk Sawk, showing a
good discharge in Aypril, which is fairly maintained. © There are «nid to be
many other falls, hut little is known. A possible site was also mentioned aent
Myitson, about 20 miles from Kyaukse.  ¥rom the hills to the plains there
is a fu,lll ©of some 4,000 feet in 20 miles. The water of this river is said to be
e‘xceptxonally fine for crops. Rainfall probably between 30 and 40 inches.
The catchment qbovg Kyaukse is about 2,500 sq. miles. Gaugings have been
taken by the Irrigation Department from 1900 onwards, but until 1909 the low
readings were unreliable.  From 1910 to 1918 the average flow between
December and April varied hetween 515 and 2,200 cusees with a mean of about
200- Very heavy floods have occasionally oceurred. The drop of the bed is
generally said to be quite gradual.  (Map 93 C 15,16).

o nggmk River.—Thaton district. The river is dry for many months, bhut
sitee :;ﬁs:‘vieall (11‘; _b(}]leved. to be worth investigation in case there are reservoir
. 1S 1s 2 mming and also a salt district, and power is wanted,

N
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Aran Rirer.—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 hund 2,600 feet
long, having 330 sq. miles of catchment, The submerged land is forest
waste Jand mostly.  There is “ a good site for utilizing the water with a high
fall,” which is very indefinite as the Jayered map shows that the whole district
indicated lies between 1,000 and 1,500 feet, o that not more than a 200 foot
fall (low medium ) is likely.  The catchment area at Sangri, probably below
the site referred to, is about 300 sq. miles.  Investigation is required. Rain-
fall 30 to 35 inches, wostly concentrated in § months, and 85 % between June
and September.  (Map 55 11 7,11).

DBailar Platean, Balaghat~- A\ 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 River~"Tributary of Purna, near Wari on the horder of the Jalea-
on and Akot Taluks. This flows from the Gawilgarh hills, Satpura range,
aud ix said to have a vertical fall of 60 to 70 feet which ean be increased.
The catehment avea is 180 sq. miles, to the west of Narnalla.  The stream is
“ practically " perennial and rveservoiv sites arc said to exist. The rainfall,
averaging about 30 inches, is said to he good in these hills even in a vear when
the monsoon fails in the plains helow, but it falls to the extent of alout 90 %
in the 5 months June to October, and 85:% in June to September, so very large
storage would be required especially with a view to the NCCESsary  carry-over
for bad years.  (Map 55 C 12,16.)

Bearmu River.—Tributary of Ken. A favourable rescrvoir site with n
catchment area of 4,126 sq. miles is veported at Khumergar, Damaoh, helow
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 catchanent 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 helow here, and are worth mvestigation.
Rainfall about 40 inches, of which 93 % falls hebween June and September.
Estimated by My, Batchelor to be worth some 5,000 c.hup. or more a% cach of
two sites 5 hut this requires further examination.  (Map 55 T 5,6).

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

Chargad River.—Tributary of Wardha. A large reservoir could, it is
said, be constructed at Udkheir, 9 miles south-west of Morsi, with a catchment
area of about 80 sq. miles.  Rainfall 35 to 40 inches, nearly all in June to
September. No information as to falls. (Map 55 G 15,16).

Chikalda Platean.— (Meclghat).  Mr. Batchelor Delieves that some 2,000
e. h. p. can be obtained here from a reservoir commanding a head of 1,800
feet. The site should be examined further.  Catchment not specified. Rain-
fall 35 to 60 inches ; mean at Chikalda itself 67 inches of which 60 inches
fall Letween June and September.  (Map 55 G 7.)

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

Darckase TWalerfall—Gondia "Pehsil.  Situated in hilly country near the
station of that name on the main Jine of the Beng :

: ! sal Nagpur Railway., It
dries up by the end of the cold weather, so will e useless unless storage can be
found. (Map G+ C 11 or 12).

~ Deo River.—Balaghat district. This rises on the Baihar plateau and flows
into the Waingunga, and is said to be worth investigation above Bhanpur,
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where the catchment is 120 &q. miles or more. Being ncar the Nahara and
Uskal rivers the conditions are likely to be similar.  (Map 64 € 5,6,9.) .

Erai River.—Tributary of Wardha, 12 miles north of Chau‘lda. leservoir
sites are indicated, without details.  The arca d(_)cs not look 1)&1'11911!:11‘]3' promis-
ing, though the catchment is about 300 sq. miles, and .fhc 1'5113)11&11 40 to 30
inches hetween June and September.  ‘There is o known fall of 20 fect on the
Mul hills.  (Map 35 D. 4, 8) :

Ghisari River—Near Dhausura, is staled (o have w waterfall gf several
hundred feet, though the stream  dwindles dowu to a few cusees in the hot
weather.  Reservoir sites may however be found.  (Site not identified).

Hasdo River,—where it leaves the hills above Chhuri nm.l J(_m‘ha. Reser-
voir sites suggested ; no details, bug there is apparently a rapid fail where the
plains are entered. The catehment arca is about ;)_.’;?\0(;) sq. miles at' (x.m‘af_:‘h&t,f
where the 1,000 foot contour crosses, and the rainfall averages 60 inches of
which 80 9% falls between June and September.  (Map 64 4 9, 10.)

Indrawati River.—Chatisgarh State. There is a waterfall of 90 to 100
feet at Chitrakot, and the flow is always substantial.  In May 1906 760 cusecs
were gauged.  The rainfall over the large catchment of about 4,500 sq.
miles at the falls is 60 to 75 inches, mostly falling between June and Septem-
ber. On the 20th May, 1919, the discharge was 4143 cusees,  There is a possi-
bility of constructing a very large reservoir immediately up stream of the fall,
where the country is very flat. Reconnaissance indicated that this might carry
50,000 million cubic feet with a dam of reasonable cost, hut the land acquisition
would 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.hp. if the storage
turns out feasible to the extent named. Tt is worth full investigation. (Map
65 18 12,16.)

Kanhan River.—An irrigation scheme was prepared involving a reservoir
on this river (which the Pench joins higher up) a few miles north of Nagpur,
but it fell through.  The site may be worth reconsideration for power purposes
in combination with irrigation from the tail waters.  No details ave at present
known, except that the site is near the junetion with the Waingunaa, ahove
the village of Ambhora, and 8 miles south of Bhandara, where any large fall
is unlikely. Rainfall over catchment 35 to 40  inches between June and
September.  (Map 55 O 12.) The catchment at the 2,000 foot contour is
178 sq. miles, increased, before the junction with the Pench, to about 1,200
sq. miles. Four other points on this river hetween Khapa and the above were
alsa referred to. (Map 55 K 15; O 3,8).

Madu River~Tributary of Wardha. It is stated that reservoirs (of unspeci-
fied size) can be constructed north of Destara, Morsi Talug, having a catchment
of 204 sq. miles, bub no information is given as to falls. Site not identified
but probably on map 55 G_15. Rainfall about 85 inches, wmostly in June to
September.

Melghat direa.~—The possibilities are said to be promising in the Melghat
area, where there would be a demand for power from the Tapti and Sipri Rivers
and smaller streams mentioned in this list. The rainfall is from 35 to 40
inches up to 60 on the Gawilgarh Mills near Chikalda (q. v.), which tall rapidly
from over 3,000 feet to about 1,500 fcet. The McKenzie falls are said to be
several hundred feet high with a perennial flow ; but the site has not been
identified.

Mhas River—A site is named hetween Waigaon and Hingna, Nelgaon,
Buldana, for a small tank of 10 million cubic feet, which is unlikely to be
of much use over 9 dry mouths, It is stated however that the Mun and Pani-
gunga rivers could also be diverted into this reservoir, thus increasing the
catchment {rom 90 to 150 miles, with a rainfall of about 30 inches concentrated
in 5 months, and almost. in 3 months. The latter streams are * practically
perennial. ” (Map 55 D, squarc not identified yet). '

Moga River. 12 miles north-east of Ellichpur. It is sfated that a reser-
voir draining 88 square miles may be constructed north of Pala, with “a num-
ber of falls kigher up.* This reservoir is presumably intended to impound the
tail waters, as it is useless for power; but without storage there will probably
be a dry bed for many months. (Map 55-G 11), s
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Munyari  (?) north-west of Bilaspur.  Information was received of an
abandoned irrigation reservoir scheme here, whicl it was stated might be worth
examination for power purposes. (Map G4-d 7 7).

Murne or MHorna River. At Shaikla, 16 miles south of Akola, a reservoir
of 80 squarc 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 mearly 7 months’ dry weather supply is a matter for
further consideration. The river is “practically perennial.” (Map. 55-D 15
and 11 3).

Nahara River.—Balaghat district.  This conmes down from the Ghat a few
miles cast of Charcgaon Station, ending in a considerable waterfall (Jhang
Gogra fall). A rescrvoir site was found near the village of Sale, but the 4 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 G0 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 & square miles. In June 1919 the discharge was about o cusecs, It
is not known what fall is available. The site is a mile from Dewalgaon on the
Gondia-NagDbhir branch of the Bengal Nagpur Railway. (Map 64 D 1),

Nerbudda River—Discharges have been taken during the dry secason of
1919, but have not cowe to hand as yet. 'The river is known to have possibilities
but they have been little examined except at the falls at Marble Rocks near
Jubbulpore; and no details of this scheme have come in. It was proposed
however to manufacture cyanamide. (Map 55 M 10).

Ihid.—The Dharighat fall in Nimar District has also been put forward. The
actual {all is 50 feet, hut it can probably be increased to 100 feet or more, and the
flow is “ large 7. 'Lhis site is in dense forest, 24 miles by road from Bir station
on the Great Indian Peninsula Railway. The rock is hard Vindyau sandstone.
(Map 55 B 7).

1bid.—The Baroda Darbar also calls atfention 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 ncar Bhiwagarh, 22 miles
directly north of Nagpur, where the catechment 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 coutour is
met. The discharge between Seoni and Chhindwara was practically wil in
May 1919. (Map 55 O3 1, 2, 3, 4, 5, 8), _

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

Penganga River.—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, but is on
Mayp 56, E or L.

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

Sarpin River—At Wajar, 8 miles 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
streawu very cheap energy can be obtained.” The conditions appear to he the
very reverse, but the site should be examined. Rainfall about 35 inches,
mostly falling in 4 months.  (Map 55 G 7, 11).

Shihnur River~~West of Ellichpur (Amraoti). A reservoir site is indicat-
ed by Mr. Batchelor between Tekra and Awbaparti, with a catchment of 12
square wiles and a possible tall of 600 feet, A furthersite between Raipur and
Moragarh has been mentioned.  Rainfall about 35 inches, mostly between June
and September. (Map 53-G 7 and 8),

Silewani Ghat. Mr. L, Batcheloy, T.C.8,, prepared and published a number
of “paper” schemes - such as indeed are most of those in this section of the
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present Report—dealing with the Chhindwara area. There is, in the pamphlets
issued, a great volume of assumption and no very clear description of the
schemes themselves but at the same time attention has heen drawn to an area
which is well worth technical investigation. Mr. Batchelor’s estimate of an
available 70,000 kW or say 91,000 e.h.p. must be taken with great reserve.
One site of those mentioned was visited by Mr. Barlow who recorded his
opinion, as follows:—

“The proposals for Umra Nala tanks arc wrong; the catchment arca is too
small.  Run-off will be poor, rainfall is not high, arca flooded is A 1 land but
probably cheap and the line of the canal from the reservoir to the edge of the
ghat runs through undulating country where rock is near the surface. The
site is certainly near the ghat, and the drop in the ghat is good ; hut it is not
sudden and a long pipe would be necessary.  The Nala is joined by another
larger Nala a little way on the far side of the pacce road and the Railway, and
a proper reconnaissance is required to find a suitable storage site near the
Ghats, with a good drop. Nagpur already requires 5,000 h. p. and this will
increase if power can be provided cheaply. The project (i.e. the whole series
of projects) is therefore one of the first that should be investigated.  *“ Again,
Mr. Barlow notes « His ideas are good but his figures are unreliable and useless,
Some of his proposals are wndoubtedly worth further consideration, hut no
relinnce must be placed on his details.” Examination of the maps of the
district shows that possible reservoir sites certainly exist; the question of their
employment and cost should be further examined.

Briefly the following is an outline of the chain of projects, which can
only with difficulty be traced from the printed account. The main power
station, onc mile North of Khapa, elevation 1,200 feet, on the Kanhan River
(Map 55 K 13, 8. W. corner), is to be supplied by a long pipe line down the
Ghat from Silewani Tola at 2,150 feet. The system is to he fed by a canal
from a serviee reservoir on the Umra Nala, estimated to have a draw-off
capacity of 600 million cubie feet, of which the dam is to be one mile North-
East of Mau. .\ second dam immediately above this, up to the 2,200 feet
contour, and an Upper Umra Nala reservoir one mile North-East of Palakher
feed this. Yet another dam for the Chin Naila reservoir is placed one mile
West of Umaria Dalel running up to the 2,200 feet contour, to feed the service
reservoir by a canal. On the head of 950 feet gross Mr. Batchelor estimated
this group to be capable of giving 1,400 e. h. p. at the high cost of Rs. 1,500
per e. h. p. (say Rs. 2,000 per k. w.), on his assumption of a 30 per cent load
factor.

Further North is the Rohna reservoir site, one mile North of Rohna on
Map 55 J 16, running up to 2,250 feet, and estimated to contain 3,000 million
cubic feet. Mr. Batchelor proposes to canal this water to the Chin Nala
reservoir, a distance of 16 miles, so after allowing for the slope of the canal
a good deal of this water would not be of any use.

North of this again, a nine mile canal (including a three mile tunnel)
would discharge the waters of the proposed Upper Pench reservoir vid the
Kulebehra Nala into the Royna reservoir. The site of the dam across the
Pench River is two miles North of Chhinda, at the top of Map 55 J 16, and
it is proposed to carry it up to R. L. 2,450 fect. The site is certainly very
favourable on the map, and a short dam  is estimated by Mr. Batchelor to
impound 12,000 willion cubic fect. Minor power stations arc also proposed
below this lalke.

Furthey dams are proposed on the Pench River one mile West of Palatwara
up to 2,250 fect (Map 55 J 16), and on the Gunor one mile North-East of
Thesagora on the same Map up to 2,350 feet.  These, however, though possibly
of use for irvigation, would appear to be too low down for feeding the power
system.

At first sight 1t would seem that if the Upper Pench site is good, and if
its waters can be led at any reasonable cost to the edee of the Ghat, it would
be Dletter to concentrate on this and to omit all the smaller reservoirs except
the regulating one, and all the minor power stations.

If Mr. Batchelor’s estimates are at all unear the truth, the cost of the
Upper Pench reservoir and the regulating reservoirs at the Umra Nala,
together with the necessary canals, would be in the region of 110 lakhs. The
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storage, if correct, would on a 900 feet net head give some 22,500 kilf)\\'&bb
years, allowing of a plant of 15,000 kilowatts on a 50 per cent Joad Tfactor,
;Imking a cost of some Rs. 250 per kilowatt for the hydraulic works, exclusive
of the pipe line and power house. This, if attainable, would be a reasonable
figure. .

" Sou River.—Novth cast of Langi, above Bijagarh. Indicated, but without
details.  Reconnatssance required.  (Map 64-C 9, 10, 13, 11).

Tan River.—Pendra, Bilaspur. .\ reservoir site is indicated 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 GO 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
nmay be worth 1,000 c.h.p. or more.  (Map 6L 1" 9, 10,13, 14).

Tapti River~—'This rises in the Arvavalli Hills, which it leaves sone 25
miles east of Burhampur. The catchment arca above here is about 2,000 sq.
miles, with a rainfall of about 40 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, 11, and G 2).

Tawa River.—Said to he worth investigating where it enters the plains
at Bagra, ncar Itarsi, Great Indian Peninsula Railway. The layered atlas
sheets indicate 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 55, F. 14).

Umra Nala; sce Silewani Ghat supro,  (Map 65 K 13).

Uskal River.—Balaghat Distriet. This is stated to be 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 (q. 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. [t is stated that
some 4,000 continuous ¢. h. p. at least can he got from the site, 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 investigation. The
catchment area above the junction with the Nahara is about 130 sq. miles,
Rainfall normal about 60 inches during the June to September monsoon.
(Map 61 B 4, 8).

Waingunge 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 catchment area above the 2,000 foot contour is 275 sq. miles ;
at the 1,000-foot contour it is about 1,800 sq. miles. Rainfall 50 to 60 inches,
mostly between June and September.  Sce entry under the Kanhan River also.
(Map 61 B. 3, 4 and C. 1).

Wardha River.—~—Small falls arc said to exist necar Pulgaon and Mr.
Batchelor helicves 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 6).

Canal Falls, Central Provinces.

"he Chief 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 arcas ol well drained dhata soils lic out of com-
mand. This soil is particularly suitable for growing long-stapled cotton, as
recommended by the Cotton Committee. The canal falls are not likely to be of
any use for general purposes as they only run a comparatively small number
of days in the year. Most of the irrigation is done dwring the Kharif ;(l‘&bl
irrigation is purcly subsidiary. There are 62 canal falls, running from 90 to
120 days.

APPENDIX XI,

List of Sites in Madras.

dliyar River—Anamalai Hills (q. v.). There is said to be 2,000 feet of
fall, of which 500 feet could ecasily be utilized, in this river some 0 miles
from Coimbatore and 16 from Pollachi. The discharge is helieved to vary from
about 800 down to 6 cusecs. Further observations will be made. The catch-
ment area is small, but the rainfall varies from 40 to 75 inches over it, well
distributed from April to November. Probably worth 2,000 e, h. p. or more.
(Map 58 B. 15 and L', 3).

Anamalai Ilills.—Messrs. Siemens are interested in the Kayanapardal
Falls, Sholujar (Swruli ?) River, near Coimbatore. No details are available.
Sec also Alivar River. (Map 58 B. and 17.).

Bhavani River.—The falls near Thondai, 13 miles ahove Metupalliam,
and 22 miles from Coimbatore are said to he about 50 feet. The catehment above
them is about 100 sq. miles. The discharge is helieved to vary from over 3,000
down to 10 cusees.  Ohservations are being made of the dry weather discharge
in 1919, The rainfall contours probably give too high a precipitation for this
catchment, but there are no stations in it. It may be anywhere hetween 20
and 75 inches.  Deeember to March are dry months,  (Map 55 A. 16),

Ibid.— Malabar District. A (all of 2,500 fect in 3 miles is shown on the
upper Bhavani, 45 miles from Coimbatore and 21 from Ootacamund. A
water level recorder will be installed as gauging cannot he undertaken at this
out of the way spot. The catchment area must be very small here, but the
above distances meet outside the Bhavani catchment altogether.  (Map
58 A. 12).

Caucery River.—Apart from the existing development {sce Table 1) there
have been proposals for utilizing the Goat’s Leap Fall, the Mekadatu Falls
(q. v.), and the Hogenkal Falls (q. v.). The Goat’s Leap Fall is 26 miles
helow Sivasamundram, and no details are available.

Chalakudi River.—Cochin, This has been investigated by Mr. Porbes,
Chief Eleetrical Engincer, Mysore. e states that the minimum flow is 50
cusecs and storage of 1,000 willion cubie feet is proposed.  The site is estimated
to be good for 25,000 ¢. h. p. on 577 feet head. (Map 58 B. 11).

Chandravauki Rirer.—Guntur District. The Ettipotata waterfall is
near Macherla, and 16 miles from Gurzala. No details are known and the
site has not been identified as yet, but the river is presumably one of those
flowing into the Kistna from the north. These all appear from the layered
map to pass through fairly narrow gorges within 10 miles of the big river, and
reservoir sites may exist above.  The Superintending Engincer is examining
the sitc and will take dry weather discharges. Rainfall about 30 inches, of
which 92% falls hetween June and November.  Catchment avea not determined.
(Map 56 ).

“ochin State—There are believed to be possibilitics of considerable magni-
tude in this State, but no details have been made public.  Some 21,000 e. L. p.

_can, it is understood, be developed, presumably from the Chalakudi River

(q. \‘)\M

Codnoor and Karteri Rivers.—When the Coonoor-Ootacamund section of
this hill railway was being built in 1905, the Electrical Adviser to the Govern-
ment of India drew up a project, at the instance of the Railway Board, for its
electrification. The site chosen for power development was on these two
rivers, near Runymede, some 3 miles from Coonoor and 12 from Ootacamund.
The project was limited to what was then required, and details are given in
Table 4. A far greater head than the 1,000 fect proposed, probahly up to
3,500 feet, could however he obtained. The minimum discharge in 1905 was
43 cusecs for the Coonoor branch and 12 cusecs for ghe combined streams,
Large storage is possible. Further investigation is proceeding. The Karteri
Iiwer is already employed in its upper reaches for the Government Cordite
fbactor_y ; see Table 2. The rainfall over the catchment area of some 60 or 70
sq. miles is particularly well distributed. It averages about 60 inches,
catching Loth the south-west and north-east monsoons: and from April to



90 MADRAS SITES. [Are. XL

November the monthly averages are reasonably constant. The worst months
are January to Mareh, but they receive about 10.per eent. of the total in average
years, or some 2 inches per month, (Map 38 A. 15),

Gundar Valley—Near Kodaikanal. Attention has been drawn fto this
valley. The catchment area is very small, about 8 square miles, but the
ramfall of 60 inches is woll distributed throughout the whole vear ; even
January and February each reccive an average of mnearly 2 inches. The
perennial flow is good and a fall of about 1,000 fect is said to exist. There are
also said to be good rescrvoir sites.  (Map 58 ¥. 7, &, 11, 12).

Hogenkal Falls—Cauvery River, Salem and Coimbatore. The utilization
of these falls (also called Smoking Rocks Falls) on the River Canvery, 66 miles
above Erode, has long heen discussed especially in connection with the Salem
iron ore district 40 miles distant, where electrical reduction has heen contem-
plated. Some survey work has been done at the dam site, where the rock is
said to be a brittle granite. A head of 46 to 85 feet is available, according to
whether Metur reservoir is or is not construeted.  The flow ol water depends
on unscttled irrigation projects, hut islikely to be of the order of 550 cnsees
minimw, so that some 2,500 e, L. p. at least is available at the site, The
maximun flow is about 250,000 cusces. The power available would he
inereased to well over 3,500 e. h. p. if certain other projects materialize. The
cost has heen estimated as abouf, Rs. 370 per h. p. installed or Rs. 760 per kWY,
The water rights of the viver are somewhat oomp\icath as hotwoep Madras
and Mysore. .\ surver has been made and cm:oss-s'»o;vtu))gs of t?w river taken
above and bolow the falls. A site foralow dam is being investigated.  (Map
5 .12 or 5% E. 9). .

o H](},:gg;g 0]?('(-’3;',{ See Cooncor River ; also table 2 ** Cordite Factory.” .

Kolakambe waler fall.—Nilgiris. This is a4 neighbour of the K:‘Lrh_‘r: River
and has a drop of about 600 feet, bub hy means of a Sho:it' t\?n}n‘ellla {?I‘l 011' }’900
feet could be ohlained. The waters of the Karterl could pro vy o i erted
. . . © anlad e vor house of the Government Cordite
into this stream bhelow the existing power 7 About 10 cusees, Wi
Factory (table 1). The minimum flow s helieved to be 'd-])(é“(‘- H'-“: .;‘{. yxth
a shorf hizh dam it is believed that 3,000 e. h. p. might be obtained.  (Map
bS A 2). .. . .
> ‘\K];{l;;,(;;;}e? River.—A project for utilizing this most promi=ing rver m‘thl}
Nileiris, 9 miles from Ootacamund, was sketched out by‘ t'ho 1—[011 ble My,
Murray, then Chief Engincer, . W. D, ,\E’Ldms. It_ﬂ'l’l“:&"")‘“n worth further
investication. The catchment area at the Kaumdah bridge is 65 sq. mxh.\s and the
minimum discharee recorded in 1018 was 31 cusces, but hy comparison with
neighbouring catehment it is believed that the true mimimum 1 a yery 'dry
year, such as 19114, would Dbe about 20 CUSCCS § gaugngs are proeceedinge,
There are two good veservoir sites, one in the mam rver a Imlff ~‘l1"0\'<‘. the
Junetion with the Hmerald Valley stream and one in that valley itself, whoepe
the minimum flow is estimated to he 1Y ensecs. This Iafter site has not heey
fully examined. The mean rainfall is about 8O inches and is extremely wel

“distributed ; a run-off of 60 inches is estimated from known data, wiving some
1,600 million cubic fect available for storage in the Kundale viver site, with oy
estimated minimum flow of 56 cusees at that point.  The site allows some K38
million cubic feet to he stored with a dam of 120 feet.  The tall in the nejoh-
bourhood is about 3,000 fect of which 2,000 feet ave in 2 miles, bub it has ot
been determined whether this could he utilized.  The scheme however appears
likely to yield some 20,000 e.h.p. or more and is worth thovough investieation.
The minimum flow in 1917 was 20} eusecs and in 1910 21 cusees; no readings
were taken in 1918. (Map 58 A 11, 12)

Malabar District.—Said to have great possibilities, with hich rainfall
and jungle products, such as bamboo for pulp, which may require power.
The average rainfall is about 120 inches and 1s fairly well distribiled over April
to November, though 70 per cent. of the total fall occurs durine the 3 months
June to August.

 Mackkand or Sileru River——This appears from the Atlas sheets and the
1 inch maps to have great possibilitics if levels are favourable, but practicatly
none are given. A fall of 510 fect with a discharge of 10t cusees in the driest

Eazt.(ﬁ Mﬁ{)” 1219j has since heen reported.  The site has not heen identitied

ut 1s on Map 65 J,
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Mekadatn Rapids. Cauvery River.—These are 28 miles above Hogenkal
falls (q.v.) and 21 miles below 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 deap is 175 foet.  The frontier between British and Mysorean territory
runs down the centve 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
confinnously available on the 530 cusee minimuam. (Map 37, H § or 12.)

Nurpurya River~—Nilgiris. This is stated to be worth examination at
Cherambadi Village, in the Wynaad, reached 2¢¢ Gudalur, Devala and Pandalur,
The Glenvack Tea Vstate is near by. (Map 58 A 7).

Periyar Project.—The history of the proposal to utilize the water of the
Gireat Periyar Lake in Travancore for power purposes would fill a volume and
streteh back a generation, and it is sufficient to say that negotiations arve still
procecding hetween Governent and My, Garvett, a vetived Chief Engineer of
the Madras Trrigation Department.  There is an available fall of about 1,000
feeband a minimum supply of 250 cusees for 210 consecutive days has been the
hasis of negotiation. This is equivalent to some 54,000 e h.p. (Table 4). There is
little doubt that, as a rale, power of this order could be generated for a longer pe~
riod i most years; hut as matters stand, it cannot be guaranteed. The con-
struction of & supplomentary reservoir above the lake, in the Cardamon ills,
Travancore, would enable 150 ¢nsees to he given continuously, and this might
indivecetly 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 shonld be arrived at. A suggestion may, however, he hazarded
as fo 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 bhe
a costly matter. If, however, a power plant is put up, utilizing the full 1,000
teet hiead, it would bie 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 tnmnel level, a suitable intake chamber being constructed for the purpose.
Thus, if the total 1ift were b feet not much more than one two-hundredth of
the power would be sacrificed and a much IOnger' working period would be
possible. (Map 58, G. 2, 3.)

Pykara Rirer—2X project to utilize this river (S8ee Table 4) for the supply
of the Lotacamund Distriet (15 wiles from the town) was drawn wp by Mr. H.
. Gibbs and has been the subject of negotiations between him and the Govern-
menf of Madeas,  The {owest. gauging recorded on the river at the power site
wax 94 cusees i 1945 gangings have been resumed sinee and have varied from
154 cusces minimum in 1917 to 19 minimum in 1918, Two falls aggregating
practically 900 feet could he combined, but it is believed that 3,000 feet could
be obtained by tunnelling through the watershed to the catchment on the
north. 2\ storage site exists above the upper fall, but the ecapacity is
not known. 1t is believed that the scheme is good for at least 2,000 eh.p.
or more continuously. The mean rainfall is about 76 inches and both monsoons
affeet the eatchment arca to some extent ; from January to March however the
average precipitation is very low. The catchment area has not yet been
determined. (Map 68, A 10.)

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

Silers River : see Machkand.

Silent Valley.—The Distriet 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 13 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 tho 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).

Singampulti Scheme~—~Madura District. This was mentioned, but the site
has not heen identilied, (

[
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Siramalai ITills.—Mr. TI. Perry has sugeested thata power scheme for the
Madura District ean he formulated in these hills, situated 20 miles from the town
in the Ammayanayakanur Zemindari. The rainfall map shows a mean between
30 and 35 inches in the surrounding plains, but the hills probably receive more;
Mr. Perry’s estimate, obtained from a Planter, is 65 inches; but there are no
true records in the hills.  The catchment area proposed is only & 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
CYE‘ICISQd in accepting his conclusions; see Appendix IV, The project requires
to beexamined 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 4).

Siryvani River.~Tributary of Bhavani. A projeet, first mooted so long
ago as 1879, has recently heen investigated for utilizing this stream for com-
hined water supply and power to Coimbatore, which is 25 miles distant. By
damming up the valley so as toform a lake, and 1)1010111" the ridge with a fun-
nel, thore would be an available fall of some 1,200 or 1,300 ieo t; somwe of the
tail water would then he piped to the town for \\ ater xupplv The minimum
flow of the stream is small (1} eusecs) as the catchment avea is only 6} square
miles, but as it receives both the south-east and north-west monsoons, with an
annual rainfall of 75 inches or more, it is merely a question of storage.  I'rom
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 110 feet ;
and with the fairly trequent 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 Siruvant can still be used for water
supply. (Map 58 A 12, 16).

Suruli BRiver—See Anamalai Ilills.

Tambrapani River.—The Paponasam falls, 22 miles from Tinnevelly and 5
from Tuticorin, arc 250 fect high. The river is alrcady utilized l;y Messrs.,
Harvey Blofhers for their mills at Ambasamundram. (uumm“s have heen
made in connection with an irrigation reservoir above the falls and work will
proceed. (Map 58 I G, partly nnmnvoyed).

[CaNAL FaLLs, MADRAS.
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Canal Falls, Madras.

The following falls, of which the exact positions arc recorded bhut not
printed here, are capable of utilization for power on a small scale.  Nos. 1 to12
are on Map 9k and the rest on Map 95. It is proposed to use No. 17 for
pumping from the Kistna River to irrigate 10,000 acres. The remainder are
not required cither for sub-soil pumping or for pumping to uncommanded arcas.
The power aggregates about 3,300 ¢.h.p.

Serial ) - Fall Minimum ) )
No. Canal. Iosition, fmt “”L“:](l-“l?lyt Working yperiod.
cel. at closure.
s - B JE
(r'odumll_‘i astern Dellu.
1 | Cocanada Canal =, . | Medapadu lock weir . 100 373 1l menths.
2 ' s . .| Tossipudy Lock . . 675 268 .
3 " " . - | Chintapally Lock | . 85 103 "
4 | Bank " . 1 Kulla Loek . . . 35 101 i
5 | Coringa ” . .| Vella Lock . . . 825 0l v
Godavari Cenlral Deltu,
6 ] Gannavaram (anal . . | Gopalpur Lock . . 480 425 It months.
7 " " . Mondepulanla Lock . 568 287 -
8 1 Bank " . ) Wadapadewn Loek . 525 414 "
Y Amalapur “ . .| Palivela Lock . . 416 407 "
Godavari Western Dlla.
10 | Bank Canal , . . Siddhantam Lock . 9 to 100 L1 suonths,
12 ft.
Kistna Eastern Deltu.
11 Ryves Canal . . | Komatigunta weir . 684 1350 9% to 10 inuntl.s,
12 | Bandar " - . Kankipad Lock . . 425 481 »
13 " soe o o] Veerankiock . L) 1041 221 "
4 | Bantuwilli,, . . | Cowtaram Lock . . 560 316 ”»
o
Kistna Western Della.
16 | Bank  Canal . .| Kollur Lock . . . 594 330 91 1o 10 months.
16 | Commanur ,, . . | Kollimerla Lok, . 560 324 »
17 | Head of Commanur Canal | Duggirala Lock 7 200




APPENDIX XII.
Sites in North-West Frontier Province.

Indus River.—This is not considered likely to he capable of development,
at any rate cconomic development, in the Ilimalayan arca; the proposed Sukkur
barrage (Bombay Presidency) may or may not be able to supply power. Tt s

“early to speak of this until the project materializes, but the possibility ol high

level pumping to canals, should it be required, may be horne in nund.
 Kunhar River~This joins the Jhelum not far from the Abbottabad-
Kashmir road and had many rapids with a large perennial flow.  As however
the district is within easy transmission reach of the Kashmir Darbar’s power
station at Mohora on the Jhelum (table 2), where much surplus power is already
installed, it is unlikely that any other large scheme will be required for the
present.  (Map 43. ' 7). '

Stnan River, trib. of Indus. —This flows in from north of Mansehra, and at
the time of the Boer War a small plant was crected on one of its tribufaries to
supply the prisoner’s camp. It was subsequently dismantled. 1 is prohable
however that sites exist in the main stream, which has not heen prospected.
(Map 43, I' 3).

Canal fallsin N. W. F. P,

Upper Swal Canal.—Soon after leaving the headworks this rans
through the Malakhand tunnel and then, on exit, down a steep river bed,
which is pitched. At Dargai the right and left hank canals fake ofl.
The discharge of the canal is 2,200 down to 1,000 cusees, and the drop
available below the tunnel is about 230 feet, giving a minimum power of
20,000 ¢. ho p. Mr. Sangster, who was in charge of the works, and Mr, Wal-
ton, his assistant, read papers on the subject before the Simla Engincering
Conference; and Captain (now Lt.-Colonel) Battye proposed the utilization of
the falls for the manufacture of nitrates, ina paper vead hefore the Punjab
Engineering Congress.  The district however is a wild one. Constant power
could be obtained by tailing into the river below the power heuse instead of
into the canal as propesed by Mr. Sangster.  The ecanal has to be elosed for 10
days every alternate year to provide local irrigation in the rains o the hanks
lower down the river. Riparian rights necessitate this.  Otherwise the canal
could probably be run constantly.

Upper Swat Canal.— Branches, By utilizing the existing falls these have
considerable power available; there are frequently groups which will permit of
30 to 50 fect drop with a minimum discharge of several hundred cusees during.
about 286 days in the year. Unless required for irrigation puwping however
there is not likely to be much demand for power.

Lower Swat Canal.~"There are no falls suitable for power here, but near
the head works power is now generated for the works by dropping the water
ahout 50 feet down into the river area, where there are small canals that require
teeding. 'The site could De utilized later. There is also another small scheme
near the tail of one of the distributaries, for developing power for pumping
water for a new grass larm. Elsewhere no pumping is required in this
district.

Calbul River Conal.—A scheme has been considered for running water
from one branch to another, near Peshawar, giving a 50 foot drop.

APPENDIX XIII.
Lisft of Sifes, Punjab,

Baspa River, trib. of Sutlej. At Raturing gorge this powrs over a series
of eataracts helow Sangla, with a drop of about 500 feet in half a mile. 1t i
helieved to be a good site, though remote.  (Map 53 I, 7.)

Beas River.— This has not, so far as ix known, heen prospected for power.
Between its rise at the Rohtang Pass in Kulu and the plains thera are however
continual rapids, during which the descent amounts to sceveral thousand fect.
Whether there s any concentration of falls sufficient to allow of economic
development is not known.  Several of the larger snow fed tributaries in Kuluw,
expecially the Parbatti and the two rivers flowing in at Largi, have also greab
potential power; but they are used for extensive timber transport up till the
monsoon, so 1t would perhaps he impossible to divert the water from the stream
without interlering with forestry.  The catchment area is 5,700 s. miles and
the average rainfatl over it is 625 inches. The maximun flood at Naushera is
325,000 cusees and the minimum recorded discharge 2,600, ( Map 53 A 1, 5,
9,13, Tt and B 2).

Chenalr River. ( Kashmir J—A\ project has been proposed for utilizing
this river at Riasi, where 30,000 ¢. h. p. ean, it is said, be developed.  The
catchment area is 12,000 sq. miles, of which half is in the exterior Himalayas,
and the average rainfall is 417 and 287 in the exterior and interior divisions.
The maximum observed flood carried some 600,000 cusees and the minimum
recorded discharge is 8,854 at Marala.  (Map 43 K 16).

Giri Ricer.—The upper reaches of this perennial river were prospected
ahout. 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 raintall is from 50 to 75 inches, and is well distributed except for October
to December, which are dry months.  Much of the winter rain falls as snow in
the upper arcas, thus tending to equalize the discharges.  The eatchment avea
is about 600 sq. miles at the junction a few miles from Solon.  (Map 53 17 6,10),

Huro River, near Hasan Abdul, Attock. Enquiries have been made re-
garding this viver and the Jablat (or Chablat) in the same district, and dis-
chiwrges were asked for.  There 1s said to be a fall of 50 feet and & good peren-
nial discharge.  Rainfall 25 to 40 inches. (Map 43 C. 5, 9, 13).

Indus River—(Sce also entry under Bombay ). The catehurent arcas
above Kalabagh amount to 50,400 sq. miles in the exterior Himalayas and
(3,000 in the interior range, with average rainfalls of about 26°6 and 76 inches
respectively.  The maximum recorded flood discharge at Kalabagh is 1,000,000
cusees and the lowest observed flow 18,570, The bed here is narrow and it a°
100 foot dam could be constracted the minimum power would be about 170,000
c. ho p. Below the bed widens out greatly, so the {lood afilux would be small.

Jablat River—Sec Haro River.

Jumna River—(See also entry under the United Provinces ). The cateh-
ment area above Tajawala is 4,400 sq. miles with an average rainfall of 73
inches.  The maximum recorded flood carried about 273,000 cusees and the
lowest observed flow was 2,105 at that place. '

Jhelum River, ( Kashmir )o—Already partly developed at Mohora ('lable
2) but further power can certainly be obtained.  The flume line of the existing
plant is large enough for 4 times the power now installed. (Map 43 J 4 ).
Captain (now Lieut.-Coloncl) Battye, R. E., in a paper read before the Punjab
Engineering Congress, 1914, suggested using this river for power at Rasul, ab the
head of the Lower Jhelum Canal. A flow of 4,500 cusees and a head of 80
feet were stated to be obtainable, giving 33,000 e. h. p.  ( See Table 2 ). The
catchment areas in the exterior and interior Himalayas are 7,000 and 8,000 sq.
miles respectively, with average rainfalls of 89'5 and 46'2 inches. The maxi-
mum flood at Rasul carried about 500,000 cusecs and the minimum recorded
discharge 1s 4,500 cusecs.

Kishenganga River, tributary of Jhelum (Kashmir).—No information
is available, but the catchment area is certainly over 2,000 sq. miles at the
junction with the main river, and it is snow fed. ( Map 43 ¥ 11,14, 15).
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Kunhar River, tributary of Jhelum—~—No information is available, hut
the catehment area is ahout 1,000 sq. iles at the main juunction, and the river
is snow fed.  (Map 31°6,7,9, 10). ,

ogri Liver.—Rampur Bashahr State.  The Chiel Wazir of this State
believes that o fall of 600 feet or wore could he oblained in a mile or two of
channel in this viver, which is snow fed and has @ dey weather discharge suffi-
cient to drive abont 10 of the local water mills —or say 30 to 10 cusees.  The
stream is probably worth 2000 e».h.p. or more.  (Map 53, I 11, 15).

Punch Ricer, tributary ol Jheluny, (Kashmir).—This appears to he worth
examination near Kot where the catehment is about 1,400 sq. miles; but no
information exists regarding the river, 1t will e snow fed during at least the carly
part of the hot weather, as it rises in the Gulmarg snows. (Map 13 G 11, 15).

Reri Ricer.~This has not been prospected in the hills, but certainly has
considerable possibilities. Where the Upper Bari Doab Canal takes off near
Madhupur a gross fail of 109 Teet canhe obtained in 16 miles; 140 feet in 74
miles; 175 feet in 9 miles; and 200 feet in 18 miles.  Mvr. Milne in a paper
read before the Punjab Engineering Congress, 1919, states that the minimum
recorded dischavge there is 1,300 cusees, which would give a continnous 12,000
ep. on the smallest and most practicable combination of these many [alls.
The excess water not required Tor the canal conld be surplussed back to the
river.  The project has heen estimated to cost Rs. 530 per ¢, h. p.or Rs, 716
per kilowatt installed. See entry in table 5. The normal supply is nearer
5,000 cusees. A cross-section is available but is not printed.  The catchment
arca of the river is 2,500 sq. miles with an average rainfall of about 93 inches.
The maximum flood discharge is about 200,000 cusces and the wminimum re-
corded flow 1,303 cusces at Madhinpur,  (Map 43 P, 11, 14, 15 with 52 D 2).

Sulley River; Bhakra Dam project. —The proposal to use the great power
of the Sutle] where it enters the plains near Kirthpur, north of Rupar, at the
head of the Sirhind Canal, is not dependant on, nor does it in any way interfere
with, the project for storing some 112,000 million cubie feet of water behind
this 395 foot dam. The proposals given in Mr. F. Milne’s paper, read before
the Punjab Lngineering Congress at Lahore in Aprit 1919, involve tunnelling
through the spur round which the Sutlej makes a great loop at Ocl and Anand-
pur; a fallof some 430 feet or 330 feet effective can he obtained in this way,
and the minimum discharge of 2,700 cusces ( usually not below 1,000 ) which
must in any case he 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 he drawn on heyond the minimum flow com-
ing in. The cost is estimated to he Rs. 813 per kilowatt installed.  The only
differences that the dam project makes in the hvdro-clectric is that, if the for-
mer is built, the tunnel will he under the pressure of a considerable head of
water; whereas, il 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
interfercnce with irrigation.  This site was first suggested by Messrs. Cromp-
ton & Co. in the carly nineties. The reaches further upstream have doubtless
great possibilitics, but at a much hicher cost. The catchment arcas of the
river amount to 5,000 and 16,000 sq. miles in the exterior and interior limalayas
with an average rainfall of about ft1 inches inthe former. The maximum
flood discharge is about 300,000 cusecs and the minimum recorded flow 2,818
at Rupar. (Map 53 A 7, 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 4 miles from Nangal, on the same loop and below the dam site.  Here
a minimum of about 15,000 e. I. p. can be obtained under a comparatively
low head of about 30 fect, unaltected by the flood rise. The cost, including
transmission to the works, is estimated to bLe about 10 lakhs for the power
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 subscquently be matured. Certainly several

thousand h. p. could at once be used for the Kalka-Simla Railway and other
requirements within easy reach.
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. piver—At Khatolu gorge, 25 miles from Sarahan on the Mindustan-
sulldd lee) ¢ cataracts for } of n mile with a single drop of 30 feet
. . re are cabdbdvt ! - n lrop 30
"Ilbet 101nd, ]t)lﬁ-jn; the monsoon however the rise of the river prac fl(?“}nly
incluco il anqo it would only he possible to ufilize 1t mt'.h a considerahle
ohscm;fes et (\Ln’ A head. 'The minimum perennial discharge wmﬂbo ofl the o dtm
dam for givmg & HLe 1 the site appears promising, though remote,
5 2.000 cusecs and the
of 1,500 to 2,

(Map 33 E, 14, 15)-

Canal Falls, Punjab.

3 SO i n v being colleeted and
sty mal full diseharges. ann.'\ ar o
. Discharges iven Aare mostly the normal g A L are DK G
te. )N’h)‘ ]t:‘ ) ‘:‘ ,.'ﬁ\ numbers refer toa map on record in the Suevey. @ alls less than 8 not
3 ailable Jater. Devi ;
will be availa

g Uvrer Juernts CANAT,
{
‘ Head I\é-)”lllm] E Minimmn
[ el i nn Particnlars, feel. “ h‘:n ‘ | discharee.
4 N . ¢, . . drsehiarge. |
Serial. | Name ob« \ann ﬂ |
S B P
i A{ i 240000 Fall . . o |50 | 3000 Seenote.
1 M e ' 11,000 See Note.
D 318,000 l Fall (combined) 20 i v ce Note
2 " ! 8 | 20:3
3 | Gajrat Branch 600 b . : ) { . ~,
1,3%) Do, ‘
4! I)l). ’ N \‘ ‘ -
h y0)
i D . 2,000  Do. . . i
5 1 0.

LowknR JHELUM CANAL.

342,030 | Fall
1 anr\hcm Baunk REMA

13080 | Fall ) {
2 b B ) ' }v:m be combined {
343,580 1 Do, L

3 Da.
Do 341,080 | Fall
: | 0 37
5 | Sulki Branch 13,526 | Do. " o
D 14,000 Tro. s R ..
6 o.
Uprkr CHENAB Canar.
i 5 0,000
Lain Line, lower 715,000 | Fall and bridge . . J ok ] 7
 Matu Lane, . N
l D } 221,“”0 Do. . . 105 . 7884
9 0.
Towkr CuENAaB CANAL.
; " 2 4‘2‘{ (11}
1 | Bhawana Branch . 7.500 | Fall - "
Ki 2 Major 8,000 ,‘ Do. :
{hewr :
2 o D 89 350 e
. 164,000 o.
’ porel® g 85 res 350 Nee Note
U Cugera 210,000 l Do. « Nk
4, ‘)pel' o
Branch. Y
| UppER BARI DoAB CANAL.
. N . s 305 ‘ Seo VO((A,
' food . 6,486 | Rapids No. 3 and bridge . 83 sx 1,805 (m ‘(_“d.
Salampur T Joe g3 L 1824
Ly 33,845 | Rapids No. 11 and bridge . 93 | 1,82
Do. . e
: : 13,300 | Rapids No. 2 . . 8 } T
ain Line . . . 1 s
s $ 92,600 | Rapids No. 6 ' 5 v
" D, . . ‘ LM
* Ny {94500 | Rapids No. 7 and bridge . i 80 4779
Do. ' ) .
i 213,600 Rapids No. 9 . . ‘ 8o 477
> 5| 4769
j 31,500 Rapids No. 11 . . 85 76
’ > . 1 . 02 1,774
iduagar feeder. 21,820 | Rapids No. 8 . \
[idna ' | iy
. 97 697 | Rapids No. 10 and bridge. | 86| 1,764
9 Deo. s | ,
—
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Urrer Bari Doas Cavat—contd.
J BN
Serial | Nawwe of channel. R DL Fartivulars. e e Mininum
i [ ) foet. dischiargn, diseharge.
10 | Main Line 5500 Rapids No 16 and bridse N5 105
11 Da. 60,000 ; Rapids No. 18 . .l R Wit
12 | D, 92,142 | Tughal rapidand bridge S0 6,202
13 l Do, < 101,072 ; Dhambai bridge and all . 856,300
it | Do . . 100 Nl{u;]lumn;_fu] Iridge  and a0 Ga0
‘ ‘ all.
15 | Main Branel, ! 42,819 \: Dhariwal bridge and fall . ; 110 : 1270
16 < ”1111::.. ! 449,708 \ Kunjer bridge and fall 90 { 4,200 \
17 ] Do. 13,500 7 Aliwal regr, and fall N0 2,631
I8 Lalore Brancls ‘ 95,000 Sanchur bidge and fall . 100 | 1080 |
19 | Do. . ’ 896,000 Ranevwal hridge and fall j St 872
20 | Subraon Braneh L B8 :Tuglwl Walad bridge and ] 84 790
I fall. ?
Lower Bart Doan CANAL
1 { Main Line . 1 329,058 | Fall and bridge | N 4201 See Nute
2 Da. 193780 Do oL 8 f 37T r atends
Srrurinp Canar.
1 |, Abohar Beaneh 23,000 { Khanpur R 2,606
P/ Do 47,000 1 Chupki . . . ] 2,888
3 Do. 69,500 | Ballowal 8 2,820
4 Do. 105,000 { Akalgarh 81 2,755
5 Do. L2800 82 | 2,067 ‘
6 Da. 213,000 | Doodhar .g 10:0 {2,306 ]
7 Do. 254,000 | Glolia . . . .1 sz | 1067 5
8 Do, 280,000 § Channowal ,‘\ 80 | 1,717 |
9 Do. 332,000 | Samalar . . .| s0! 1,663
10 | Sultej Nar. 93,000 | Baraghar . . N 99 400 “
11 Do. 110,500 | Malla . . C100 | 400 ‘
12 | Bhatunda Branch. 32,250 | Khatra . . : 8 2,020
13 Dao. 58,900 ; Jaghera . . ‘}, 76 | 2,011
14 Do. . 87,600 , Kanganwala , | 101 ﬂ 1,982
15 Da. L 128,000 | Lohgarh . 8 | 1,770
16 Do. 185,000 | Chamblai . ., 10 | 1,661
17 Do 277,000 | Ballohi . 86 | 1,039
I8 Do. 307,000 | Sadhana . . 771 1010
19 | Kotta Branch . 15,000 | Dalowal . . 94 | 1,427
20 Do. i 56,650 ' Solar ., ., 8 | 1414
21 Do. ‘ { 61,566 Banbho . 8 | 1,400
22 Deo. . . 122,175 | Sogra . ) . 81 { 1,006
23 Do, .l 195,000 [ farigarth . . .| 8 847
24 De. ’ 216,000 | Sahoki . . . 89 604
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StRIIND CANAT—conld.

| i THead Normal
Scrial. | Nawme of channel. . R. D, Particalars. [ ‘((‘:t“ full
. ‘ et dischavee

Minimum
discharge.

25 | Kotta Branch ‘ 260,000 | Ralla . . . . {9 1 3V
26 | Ghaggar Branch .| 23000 | Thue . . . Co111 ) 719
o7 Do. . \ 55,000 | Nidampur . . . 85 676
28 Do 185,000 | Sulay . . . . 801 311
WEesSTERN JUMNA CANAL
| : :
1 | Sirsa Braneh .1 168,000 Fatehpur L. 88 1,211 f

Of the above it has been suggested by the Chief Engineer that the
50 foot fall on the Upper Jhelum Canal, serial 1, at R. D. 240,000, could be
employed usefully at Khewra Salt Mines and Dandot Collieries, but the
closure would be a drawback. This may, however, be redueed when the
Woolar Lake Barrage in Kashmir has been built.  Sivr Louis Dane also
suggested the emplovment of this power for irvigation pumping to the tract
between the North Western Railway and the Upyper Jhelum Canal, where the
elosure 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 1,000 ¢. h. p. but the minimum and period of
closure have not come to hand.

The 20 foot fall on the same canal (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 (subject 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 « on the Lower
Chenab Canal was at one time proposed to be utilized for the “ Buchiana Lift
Projeet ” of irvigation ; 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 Canal, 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 power ascertained in these notes on canal falls, those
not specially mentioned would yield the following amounts on the discharges
civen, which are mostly wormal and wot anivimnn disclarges, viz. :—

Upper  Jhelum Canal 4,000 ¢ ho p.

Tivwer ,, - . . . . . . . 3,300 "
Upper Chenal " . . . . . . . 11,500 '
Lower " ’s . . . . . SO ;
Upper Bart Doab (38,000 {ofal) say . ) ) 46,000 .
Lower ’ 5 . . . 5,800 3
Sirhind ” . . . . . . . 32,800 ’
Western Jumna ’ . . . ) . . . 1,000 ’

—_————

Torar 108,200 »

The power in any particular instance may here be found by e, h. p.
__ cusecs X fall in feet.
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APPENDIX XIV.

Sites in the United Provinces.

Alaknanda.—(Sce also Bhagirathi River).—This river, also called the
Vishnuganga, has a catchment arvca of some ,500 squave miles and drops
5,000 feet in 16 miles hebween Badrinath and Vishnuprayag. The gorge 23
miles above Rudraprayag would he difficult to develop and is very out of the
way ; hut the viver is snow fed and could windoubtedly be developed at a cost.
It is reported that the limestone clifls of the gorge are 150 feet ahove the hed
of the river 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 saggestion has heen made that the old hied could be eut down to the present
water level and sluice gates construeted on it; the river could then he diverted
while a dam is built across the gorge.  Preswmably a sccond dam of the same
height would bhe  necessary across the culting.  Arrangements would be
required for passing timher over. A light railway to Karanprayvag is under

~consideration.  (Map 53 J 15-16 or N 3).

Balkher Nudi—Tributary of  Belan, Mirzapur.—There is a reservoir site
here designed to hold 1,100 million cubie feet of water for irrigation purposes;
hut as the catchment arca is 318 square miles with a cood ran-off and a rainfall
of about {0 inches it is believed that S,000 million cubic feet or more could he
reckoned on with a higher dam.  Nome 87 per cent. of the rain falls hetween
June and September.  The Sirsi [all near by has a drop of 90 feet.  The
project makes an admirable combined irvigation and power seheme, as the fail
waters could be stored lower down and yet above the ecanal. The site appears
likely to yield at least 2,000 e.h.p. continuonsly, and probably mueh wwore.
It is worth further investigation.  (Map 63 L 9).

Baur River.—Naini Tal District.—The wmininmm yecovded discharee ab
Dechauri is 9 cusces and the stream is small and unpromising.  (Map 53 O 7).

Belan Nadi—~Mirzapur.—There is a possible reservoir sife (umsurveyed),
helieved capable of storing 5,000 million cubic feet, above the Mukha fall of 80
to 100 feet, 6 miles west of Ghorawal. [t has so far not heen examined as the
cost of the submerged villages and land would he high, hut it offers consider-
able possibilitios for power (1,500 clup. or more) and ivvigation combined.
The catchment area is about 230 square  miles with a vainfall of about 40
inches, which practically all falls between June and September.  (Map 63
L 9, 10).

Bhagirathi River—Tributary of Ganges.—At fhe junetion with the
Alaknanda, at Devaprayag, there are vapids with a perennial snow-fed discharge.
Reconnaissance is desivable, as the catchment 1s nearly 1,000 square miles.
The President of the Couneil of Regeney, Tehri-Garwhal State, has examined
this river and its fributaries heyond Barahat, and calls particular atiention to
the Assi, which joins the main river 2 miles above that place. This is a peren-
nial stream, largely snow fod, and has a fall of some 1,275 feet in 8 miles in its
lower veaches, which are at an altitude of 6,000—7,000 fect.  The estimated
discharge between the 1.1th and 20th May 1919, was (00 cusees. The site is 40
miles from Dehra Dun.  (Map 53 J, 5, 6, 12).

Chandrapablea River.—~Benares State.—There is a small storage site to
hold some 300 million cub. feet Which was surveved hut not procecded with.
A 200 foot 1all is said to exist near Baraur.  Site not identificd, hut probably
north of the Son River. The power possibilitics 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 7).

Dabka River.—Naini Tal District.—The minimum recorded discharge is
10 cusecs at Keota, 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 heen 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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]ot(ntiﬂ power in the river, and 1t is within the horders of British India,
Sobenti: |

. arveved. .
thoneh mostly unsurvey e e o bLe n
onw_ 11’,(“1}0/'-"’_1\):“%“'1)ur"_'J<“1. irrigation reasons this is said to be not

orth consideration, though a fall of 180 feet exists neav the present dam.
o ‘lGU,]]L 1’4'(8) “Naini Tal District.—The mininum recorded discharge at
il et ANt < 5 " o 4 s e
Katheodam is 82 cusees while there are cenerally at ke ast 11)“) cusees t:lnous.h‘
1& ]f eason. The hills fall rapidly from the Bhim Tal Distriet. 1t is
> dry seasoh. T R an 5
the ¢ l\ ther prospecting. Discharues are heing taken. (Map 53 .() 11}.
\V'Ol'ﬂa " 1(f 1/ — Garwhal,—This was Tormed by the great landslip ot 1893
’ Cl a ‘e‘—'— ¢ ) X ) \. : ‘ “ M fRe] by 4., 3 o . .
] (”[;j 'nJ ]L89 (. but the lake is still very large (3 times the size of }\Ta,un
'1111(11 I nﬂl\) l 1 ft mi,“'ht he possible to raise a dam there. The Birchi Ganga
al Lake) and it nught : Lo raise 4 Cal
s thenee to the Alaknanda. (Site not identified). o |
o e N 'li‘ Mirzapnr—=The water isall required fov iveigation, so the
; * (ilL.— /e . o : ! rria | )
G/m{(/g:()t l)(« atilized unless Talls exist above the headworks, as to which
power ¢ e ut e
N information at present. o | . N ,
e e l}f keo.—Garhwal— Formed simikuly to the Gauna L(\l_xe (q.v.)
1 ﬁ’g” ;a )'L:lll‘ll'k\‘ apply.  Snow fod.  The Biera Ganga flows {rowm it to
and the same arks apply. S
(t] » Kalieanea.  (Site not 1(101114(1((.1). o . s Asoint
N Tiver—The scheme of the United Provinees Yower ssociation
'Jm()}um*r-ld/BL:rcgl'm'd Lovett) mentioned in Table 5,, was .d()ublo one,
'(I‘\I:».]O}tj ‘u‘n‘(\ ‘Lt Jalanta and Binahar respectively. At the former site a double
e o o I tilized Dy making two short tunucls through the spur, a canal
loop was to })e }[1 ‘l l‘d wd vivine u fall from I L. 2,362 to 2,191 or say 168
joini 4 ne ‘unll]g ¢ o ot . . N v s L. ¥
joining 1'1‘1) t,lm o l'tttt'p’is a4 sinele loop, involving a 2 mile tmmﬂ, aiving fa-ll
e ;%'""*}-l 1 9l"13 ‘f() 1,698 or 955 feet. The existing concession 1is partly in
. . L. D ,Ut | g ¢ ek N i
'an'l{“ te ,Minimum discharee about 750 cusees ; suow j((l !mm a very
i Do "The promotors of this scheme reckoned, after full imvestigation,
large pre ]1“ ]1( uin 26,000 . h. p. at Binahar and 12,000 e. h. p. at Jalanta
e ‘ \r.()l‘(())i o 'l o 3 Y { W . e v . T3y
that they ¢ ~Lhird of the cost of the larger schee. 16 38 a watter fm' lf‘gut
T asons these promising schemes had to be postponed ; it is o
hat for various reasons SO g s e .
{ .‘1 oped that they are not abandoned. (A\I(l].) 33 l{ lil) e Th s 4
. lII" launia Nadi—~"This is reported as anlikely to he of any use. - 1s to
Vol ,
, west of the Sarda. . - L »
the “]"h%'?l(mm River, Garhwal.—(See also Jagei L(,L]\():*—It‘ hdb{ bheen sug
t f(;lt'{t ‘LJI‘U‘U‘U reservoir could he made near Launsari.  The stream  joins
cested that @ tdisey 25 - Yo e
e Kail and the Pindar. (Site not 1<1ugt1md). N o o
the B2 } i trihutary of Sone, right bank conditions similar to Re
Kanhar Liver tary of Sone, yigab DI C 1
diver (¢ V4) and worth investigating. (Map ,()‘3 ‘L 1%\,17, 8).  DictrictThese
‘”e](q:a,m,/li Khajurt, Dalwa and Jargo Nadis, irzapur Distrie v.G ‘hese
Wl~ i‘isc’ in the lower scarp ol the Vindyas and flow north to the Ganges.
sznzﬂl na‘ ds' n‘;ll storace sites and falls of from 50 feet upwards, ])utrm view of
rlhelf ;ltle bslit‘(b i;1 th: district they are at present not worth m;n'e th*}ml 1t'ecotxid,
v phetter 'Q b " . o . o ) se o
o yower however can doubtless he dcvc}opad, and lmlgﬁtl )t( vfllqp 3{ 15
So'mleb]LouriutT qum'ries. Rainfall about 40 inches, nearly all between June an
neigh g ,
9 . Tap 63 K 12). i . '
Scptember. (l\(f&lﬁiver Benawres State~—At Nangarh, 40 miles south of
’, Has L 2 A . N S -
Km(gmi is a reservoir site investigated by the Irrigation ‘Depaltment
ares re ¢ i i cyye - g . d akha
e o 1 lf' able of storing 3,500 million cubic Teeb n.t a cost 91 12 ldl\hb. ; as
;md'i({un('L&P‘m.e(‘t it was abandoned. A smaller site holding 70()T million
an 1rrg ;1'[101’1 1')‘ng&0 Jocated on the Gurwat tributary, 4 mllles h.elow Nangarh.
cubic fov’ \l‘ab (i; <aid to be afall of 240 feet and angther of 10‘0 feet, on the way
4 9, P N . 7 , B ~
l\earhexetullﬁ where the reservoly of the Benards State Canal is mtuated:
dow b0 ShAsils be combined, The value to the State of the tail waters of
possibly the}{ f anm 1;e501-v0i1' in keeping the existing irrigation reservoir always
. a large 2 ; \ ‘\‘ L»v ’ . i
the ])}O{)O-Sflob;i(?us. The site seeis likely to afford at least 1,000 c. h. p. con
supplied. ‘thin 40 miles of Benares, probably far more, and is well worth
. ~ 3 K N N X . .
tmuouslyf \;iinfxtion Details of the sites are available in the Chl@t‘ Engineer’s
B! K\{:‘lcqu;st 16 examine the site has been received through Government
Oﬁ[i(l})ee'hqlf of the Benares Darbar, and enquiries have b‘een. made by Messrs.
gvlllm'tin( & Co. The rainfall is about 10 inches of which 31 inches fall between
" D -
a1 19
eptember.  (Map 63 P.5). _ . '
June,gl;}(zl ?’i};m' tributary of Jumna.—At Paind village, Panna State, ])0101“
SRS o ! cent Y Qo -3 « .
i i 1 o is a Taveurable reservoir site with a catch-
j -ith Sunai (Sonar ?) thercis a
junction Wi ai ( v
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ment arca ol 5,700 square miles and a recorded flood discharge of 325,000 cusees.
The site has not heen identitied.  (Map 54 P ).

Khoh Licer, Garhwal —Thix falls very low hut does not dey up. About
4 miles above Dogadda (on the cart road to Lansdowne) a promontory  alniost
closes the ravine, b was proposed some years ago to make a dam here to
generate power for a ropeway ]wl\\'u_vn l{zlym-dm\'nv :uﬂd J?o;:zul(l:l, hut the
project was dropped in 1911 Site not identified. (Map o3 K 0, 10 7).

Kosi Liver, Naini Tal Distriet-—The minimwn recorded  discharge at

Lammnagar is 152 cusees, wid the dey weather flow is generally over 200 here
there are no gangines higher up, where falls can certainly he developed. The
river is not fed from the perpetual snows, hut rises in high altifwdes in the
Almora district, with a rainfall of 50 to 100 inches.  November and  December
only have averages below an inch, though July to Sepfember gets most of the
rain. The river merits further investication and is being caueed. Near
Tawalbagh it is reported that damming would be feasible and power 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 he
examined. The catchment is only about 4 square miles. 'Phe discharge in 1919
fell to I'8 cusees as there was considerable ivrigation higher up. A fall ol 896
feet can be obtained with a flume of 1,550 feet, and o regulating tank can he
built. The minimum discharge of the Bhatta, which supplies Mussoorie (see
Table 2) was 8 cusces in 1919, The Rispana stream had a minimum discharge
of 3'8 cusees 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 hetween Mussoorie
and the range to the north.  The discharee helow Tonata at the junction of the
Khakrana was 51 cusees ; at the Bhilarn junetion 11 cusees; hetween Kempli
and Bhilaru streams 65 cusees; and at Kempti junction 11 cusees. The
average fall is 150 feet per mile for ¢ miles.  The country is difficult and
transport of machinery would be costly, but this river secms the best for the
Mussoorie-Dehra extensions.  (Map 53 J 3 %).

Naini Tal Loke—The old proposal to utilize this take for the supply of the
hill station is again under consideration of Government. A head of 1,000 {o
1,350 feet can be obtained. Lt is proposed to instal GOO Kilowatts (150 working
and one spare sct) at a cost of 4 lakhs.  The storage arca, if a dam is built, will
be considerable ; bhut the mud flats when the water is low may prove objection-
able. (Map 53 O 7).

Nandhaur River, Naini Tal District.—Tihe minimum reeorded discharge
is 18 cusecs at Chorgallia canal headworks, while the average is considerabl y
higher throughout the dry months, from 22 to 60 cusces.  Falls have not heen
located and the catchment is small.  Rainfall 50 to 100 inches, well distri-
buted. (Map 53 O 12, 10).

Nayar River, tributary of Ganges,—There is a waterfall in the Eastern
branch of this river near the Baijran-Kainur Road, 40 miles north-cast of
Lansdowne (Garhwal). No details are known, but the rainfall in the large
upper catchment is about 75 inches. A plan exists, fully worked out, for
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 picce of flat land and terraces with a fall of 50 feet. (Map 53J 16
K9, 13; N b).

Paisuni River—Near Markundi station there is a fall of 150 feet. The
river dries up entirely, but the catehment is 175 square miles with a rainfall of
40 inches hetween June and September.  Storage sites may be found. (Map
63 C16; D Y, 13). '

Pindar River.—~This snow fed river carries a large volume of water {rom
a very large catchment, and is said to he worth prospecting. It runs into the
Alaknanda. (Map 33 N). . . )

Ramgunge River~—This rises in the Garhwal district. At Tarag Tal, in
the west Almora Forest Division, o landslip in former times blocked the valley
of a tributary and formed a lake; the embankment however is far from wafser-
tight. Below herc there is believed to be a fall of 600 feet or more in 13 miles,
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The site s worth reconmaissance, but is remote.  Catcliment arca of tributary
not known. Rainfall 50 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 elear.  (Map 53 0 1, 2, 5, 6.)

Ler River.—"Tributary of Sone, right hank. (Rihand River in Atlas #).—
A perennial stream, once estimated as carrying 200 cusces in May, and there-
fore 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 L0 to 50 inches of which 93 per cent. falls
between June and October. (Map 63 L. 15, 16 and P. 3, ).

Sarascatiganga  Rirer, Garhwal.—Two miles north of Badrinath this
river drops 300 feet where it passes through a narrow cleft, spanmed by a
houlder over which the Tibetan trade route passes. The river is snow fed and
has a large hot weather discharge, hut as the altitude is 11,000 feet it is unlikely
to be of any use.  (Map 533 N 5.) ,

Sardal and Sarju Rivers.  Naini Tal Distriet.  Details of eaugings are
available in the Chiel' Eagincer’s office, the river havine heen completely
surveyed Tor further canal projects.  The river is snow fed and the water is
used for 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 he the boundary.  The
upper reaches ol the Sardah are called the Sarju, and it is believed that power
could he obtained near Bageswar and Rameswar, for the projected ropeways in
the Almora District. Onthe right bank, which is in British territory, the
Ledhia, Sarju, Gori, Dharma and Kuti fow 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 he an excelient
source of power, but it is very remote. The Dharma and Kuti also rise in
glaciers but. are even more out of the way. (Map 62C2, 3,4, 7, 8.)

Tous Liver.—~Lonipur in Rewah State is mentioned, the river having a
catchment arca of 3,100 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 catchment is reduced to 2,010 square miles.  Further up
still, at Chachal, 3 miles from Poorwa, there is stated to be a fall of 300 feet;
but the dry weather discharge is small and a reservoir site has not been located.
The rainfall is about £t inches of which 41 inches fall between June and
September (Map 63 D or 1I.)

Tons River. Dehra Dun. A site is mentioned near Kalsi, where this joins
the Jumna (Map 53 F. 10 or 1.4).

Note (i)—A full report on the general features of Garhwal and its many streams has been received from the
Comuissioner, Kumaon Division.  The more promising have heen entered above, but the list will be useful to
the officer examining the district.

DNote (ii).—There is doubtless great power in the Nepalese rivers Karnali (or Kauriala), Sarju, Rapti, Madi,

Budyar, Trisulganga and its tributaries, San Kosi and its tributaries. No data are however available regarding
any of these rivers.

Canal Falls, United Provinces.

Urrer Gaxcges CaNaL.
Awupshahr branch—
Anikas falls.—Minimunt 150 cusees for 155 days.  Fall 5 foct.
Bhagwantpur falls—Minimum 150 cusecs for 155 days.  Fall 8 feet.
Makri falls—Minimum 220 cusces for 160 days.  Fall 81 fect.
Jakhera folls.—Minimum 230 cusces for 160 days.  Fall 1 feet.
Dehai fulls.—Minimum 250 cusees for 160 days.  Ifall 12 feet.
Larichatgarl falls and regulalor.~Minimum 825 cusees tor 170 days.
Fall 8} feet. _
Dhakauli falls.—Minimum 300 cusces, but +00 cusces for 150 days.  Vall
73 feet.
Akbarpur falls.
88 feet.
Churiali falls.—Minimum 300 cusecs, but 500 for 190 days. Fall 7 feet.

Notk.~ThLe nonnal flow during most of the year is much greater.

Minimum 800 cusecs, but 400 for 180 days. Fall
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_ Eastern Jumna Canal U ivision. %
Aligarh Division. B pper Division.
elka bridge fall—Mini ~
1;_‘39136({‘3 Minimum 350 cusecs, bhut 740 for 9 months, Fall

Machua falls—Ninimum 600 cusces for S months. Fall 6§ feet.
Dialpur fall.—Samoe discharge ; fall 5°8 foot,

Somera falls.—Mininum 600 cusees, hut =00 for 3 months, 17l 8 feet.

wt falls—Mini 00 cusees, hut 1,100 for 8 months, Fall 8 Tect. Nogla bridge fall.—Mini 70 cuse
Samern Jull—l i 600 cuves | o o ( | gla )/;({3(_}95 Jall. —Minimum 350 cusees, but G666 for 9 months. Tall
Babail fall.— Ditto

Leandonl fall—Same discharge ; fall 8-& feet.

O § DY ] C CcO NC(C "

Hilapur brid . ~-Mini .
2 s fégge fall—Minimum 350 cusees, but 198 for 9 months. Fall
Megehaper full.—Same discharge; fall -1 fect.

Bulandshahr Division.

Walipura falls—Minimum 600 cusees, hut 1,300 for 9 months. 10all
5 foeet.

Sananta falls—Minimum 600 cusees, hut 1,500 for 9 months. 1'all LReri fall.—Same discharge; fall 3 feet
et Malri bridge fall.—Same discharee; fall 42 foet
500 cusces, hut 1,700 for 9 months.  Fall 7 feet Salampn ini 20 Ol o 1T m s
Delra fulls.—Minimum 600 cusces, bhut 1,7 or Y months,  Lall 7 feet. lampir fall—Minimum 250 cusoes - fall 56 foet
. vlls.—Mini G susecs, but 2,500 for 9 months, ¥Fall S to 9 ‘ % | . ) ’ N
Dasua falls—Minimum GOU cusecs, b ; & AN the above Tave Targer disharges as e, from 1,000 (0 1770 eriape

feet, inercasing with low supply.  Will give nearly 2,000 ¢. h. p.

for 9 months.
Lowrr Gavars Cavar.

Bundellhand Tract.
Meerut Division. Information not vet received.

Bhola falls.—Minimun 600 cusees, hut 2,700 for 9 months, Fall 12 feet.
Will give nearly 8,000 ¢, o p. for 9 months. 1t is anticipated
that this fall will be utilized in the near foture for the supply
ol Meerut, hut only 750 kilowatts (givirg 500 KW with a spare
sof) 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 Meerad.

Salawa falls.—Mininuu 600 cusees, hut 2,900 for 9 months.  Fall 12 feet. it On.t;ho minimum  discharges the following power is available (in s
units) from these canals 3 on normal dis » e Un small

Will give 3,000 ¢. h. p. for 9 months. . charoe for « ( ;
R . . ' times the s ) R . ‘harge lor some 9 months 2 o
Chilanra fulls.--Minimum GO0 cusces, hut 3,000 Tor 9 months,  “1Fall 10 ¢ amount could he obfained, viz. :— 3
feet.  Will give some 2,700 ¢. h. p. for 9 months. Near Muzafler-

nagar. .
T i o , -0 [ : . Urrer Gaxars .
Jauli falls—Minimum 600 cusces, but 3,500 for O months.  Fall 10 feet. RoGaxars Canar.
Will give about 3,200 e. h. p. for 9 months.  Near Muzaife rnagar. Anupshahr Braneh . ' . ‘ -
' Aligarh Braneh ) : ]’n’“” e h. p.
Bulandshahr Braneh ]’1,‘”) ”
Meerat Branch ;)”1:'”) &
<o s Northor 2 ,
Nerthern Division.  orbhorn Division 9000
Exstery Juarwy (v, “,H)() »
Nirgajui falls.—Ninimum 600 cusees, hut 3,600 for 9 months,  Fall o
. . . . T £ AP .
12 feet.  Will give about 4,000 c¢. h. p. for 9 months. Near lorar . - 11,900 e, by,
Muzalfernagar. T ‘ , e
. .. A o e . 1€ power : v
Mohammedpur falls.—Minimum 600 cusces but 3,750 for § months,  1all cusecs >1< Hi\l] irinfxi)t]y particular instance may here he found by e h
12°2 feet,  Will give over 4,000 ¢. h. p. for 9 months, =\~~—1—°2—~_.f.§_, . - P

dsafnagar fulls—Miimuin 600 cusees, but 3,500 for 9 months.  Iall
10°7 feet. Will give 8,700 e. h. p. for 9 months.  Near Roorkhee.

DPatlri [alls—Minimum 600 eusees, hut 4,500 for 10 months,  TFall 10
feet.  Will give 4,100 ¢ h. p. for 10 months. Midway between
Roorkhee and Hardwar. ‘

Salewprr and  Bahodurabad falls.—\lready combined and utilized in
vart. - Minimum 600 cusees, but 4,500 for 10 months,  Combined
falt 17 fect. Can be developed for nearly 7,000 e, h. p. for 10
months.

Ranipur falls.—Minimum 600, cusces, but 1,500 for 10 months. Tall
9 feet.  'Will give over 3,600 c. h. p. for 10 months.
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Narbade R.—Gaugings were taken at Khiranighat, near Jubbulpors,
during March, April and May 1919. The catchment arca there is 6,500 sq.
miles. . The maggmum flood discharge recorded up to date is 2,395 cusecs on

20th March 19LkJ). The mcan dlschdl ges were as follows :—
March 13th to 15th . . . 519 cusecs} o
; 16th to Slst | . D933 Mintmum 412 cusces.
April 1t to 156th - , . .40h } 173
,,  16th to 30th . . .254 ” ) 2
May lst to 15th . . -1 . } s
16th to 26th . Co2lh » ) ’

Total flow u:’pe\ idod 2,791 million cubic feet.

The Kapadhana Falls bclow Amarkantak arc about 100 feet.
" Nimgahan.~ At altitude 2,700 fect there is a perennial stream with o drop
of 1,000 feet in a short distance. ,
Penganga R.—XKinwat Forest Reserve, Berar. The Sahasrakund fall
near Blttalgaon (Map 56 1 8) is 120 feet. A further possible site is indicated
on sheet 56 I 5, in the Kelapur Forest Rescrve.

Rakshadah Fall~—This is on’ the border of the Lurmi Range and Mandla,
District, near Berar Pani. Said to have a. drop of 1,300 feet in a wile.

Madras.

. Kolab R.—At Bargra ncar Jeypore; (Map 65 J 9). There is u site for
power here, reached by a footpath oi about 1 miles from the Jeypore ghat, at
mile 58-0 on the road. Three falls exist of some 150 to 180 fect in the

aggregate, but by utilizing a reservoir site higher up a fall of 800 fcet may be
- obtaigghle. A sketch has been forwarded, bub gaugings have not so far becn
reported. 1t is worth further examination as the tail waters could be used for
irrigation on the Jeypore Plateau. :

Machkand R—The Duduma waterfall near latitude 18° 31}, longitude
82° 31} (or 82° 28’ as shown on Atlas shect 65. J on the }” scale) has been
measured and found to be of 510 fcet. A float gauging madc at the beginning
of May, said to be at the driest time showed 104 cusecs with a coe fhc1ent of
0'5. The site is reached from Bugura, 22 miles off, by a footpath. A large
reservoir site exists just above the falls, and it is probablc that there arc many
others higher up still. No details-are given as to capacity, but the site is

.certainly good for 5,000 ¢. h. p. or more. Vizagapatam, where the harbour
works will require power, is 80 miles distant. :

p v ;" t\!‘gi .:,.;
_D,\—,L, 3> |
(“:‘Q;‘
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Receiwved afler going lo Press.

Assam.

Cachar. —In the North Cachar Hills, neur Subong Tea Estate, it is stated
that a valley could be dammed to form a lake in the Abong River. Other
similar sites are mentioned near Loobah and Seonamganj; while the Kiang
River is said to be worth investigation.

Bengal.

Tista Rircer.—~From the Tista Bridge upwards the fall is as follows :—

’
0 to 27 miles . 15 feet per mile.
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Cold weather discharge not less than 1,250 cusees tn North Sikkim.

Bombay. -

Bedti R.-~Magod fuils, near Yellapur (Map 485 3 9). The falls on the
branch fromn thc South, I miles above the .junction, are 328 fect, Falls on the
main river 3 miles above the jupction arc indicated, but not their height.

Ghataprabe B.—At Gokak (q. v.). There are said to be possibilities of
extensions, if a new dam is built at Daddi (4" topo. sheet 242 8. B, 4), 'and the
rapids at Katabali (+” topo. sheet 274 8. W. 1) are also mentioned.

Kanbargi ; 3 miles North of Belgaum. A combined power and irrigation
scheme is suggested, a drop of 400 feet being feasible.

Markandoye R.—Thereis a good waterfall on 4 topo. sheet 274 N. E, 3.

Nagargali—There is a perennial stream with a waterfall between Duggeli
and Kirpoli, on 4" topo. sheet 277 N. W. 1.

Sonda Nala.—Near Ibiballi, Sirsi Taluka. The falls are over 300 feet
high., (Map 48 J 13 ; 14). ’

.

Burma.

Lilu Ch., tributary of Mon, near }’_zmngseik.wA fall of 100 feet with
perennial flow reported. Shwegyin Division. :

Maisakhaing Ch. near Kyankpon.—Two fallsof 50 and 75 feet reported,
with perennial flow. Also, higher up, two falls of 10 and 3100 feet known to
the Karens as the Donwe and Xyaukoh Falls.

Pada Ch., near Khedo.—A fall of 100 feet reported with perennial flow.
Shwegyin Division. :
Central Provinces.

- Gogra R.—There are rapids near Sohagpur.

Hasdo R.—A large perennial flow over rapids of 20 feet is found 10 miles
North of the Railway. ' ’



