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INTRODUCTION.

It has always been known that the Indian Empire has great possibilities in
‘the way of natural water power; to a limited extent this poswer has heen
developed in a few favourable localities, but as hithérto India has not been to
any great extent an industrial country no serious” interest has been taken in the
subject. Practically the whole of the industries that existed in- British India,
prior to the advent of the Tata Hydro-electric Power Supply Company, were
dependant on fuel. Mysore had however developed considerable power for
industrial purposes from the Cauvery River at an earlier date, when the only
pre-existing hydro-electric installation in India was the small Municipal town
lighting plant at Darjeeling. (Frontispiece) A photograph of this pioneer
. installation, which was erected and set to work by the present writer in 1897,
is reproduced as a frontispiece, as even the Indian Industrial Commission’s able
Report gives precedence to the Mysore installation which started work in the
20th Century, 5 years after Darjeeling. -

In September 1905 the Government of Indiaissued a circular letter to the
Chief Secretayies to the Governments of Madras, Bombay, Bengal, Burma, the
United Provinces and the Central Provinces (but not to the Punjab) enquiring
in general terms as to possible sites where water power might be developed, but
the information received was for the most part too vague to be of any great
value. Owing to the fact that there was at this time no real demand for

-industrial power on a large scale, except in cases where promotors were already
making their own investigations, the matter was not carried beyond the stage
of this preliminary circular. = '

= The outbreak of the war rapidly brought matters to a head all the world
over, for it was soon found that power was at the root of all war demands and
that electricity was the most adaptable form of power. And whereas Switzer-

_land and the United States, generally associated in the public mind with the

~chief developments of water power, have utilized only some 24 per cent of their -

* available resources, Germany has utilized no less than 43 per cent.

In India, the formation of the Indian Munitions Board was the first step

. in co-ordinating existing industries for war purposes, and this was soon followed

by the appointment of the Indian Industrial Commission. In Chapter VI of
the Report of the Industrial Commission, 1916-18, the question of power is-
discussed in all its bearings, and the. necessity for a Hydrographic Survey of
India is emphasized in paragraph 99. Reasons are also given (Paragraph 100)
why the survey should be undertaken - by Government rather .than by . private
enterprise. In paragraph 353 a rough estimate of the cost of the survey is given,
assuming it to take 5 years. It is unnecessary to recapitulate the recommenda-
tions of the Report in question as the whole industrial future of India, fore-
shadowed therein, is bound up with and dependant upon the provision of cheap
power:- The Report itself must be studied. : :

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

E-

~ The object of this preliminary Report-is-to explain what'has so far been
done, and what ib is proposed to.do in future’; .and to'éxplain in simple and un-
technical language the methods by which every one may asgist in the investi-
gation in one” way or.another.. The area to be examined .is vast and the work
to-be-done is ‘of ‘great.importance ;. even with the co-operation of the public it
. . cannot be finished for ‘many years, while without that co-operation it will be

. délayed much longer. = - .

“"""Elsewhere similar work is being carried out either by Government agency

or through private enterprise. ~The Conjoint Board of Scientific Societies in

.



ii ' INTRODUCTION. -

London formed a Water Power Committee to ascertain “ What is at present
being done to ascertain the amount and distribution of water power in the
British Empire.” In July 1918 this Committee (hereafter called the British

Water Power Committée) issued its preliminary Report, and thishas stimulated -

an interest in the subject far and wide. The Report states that « With the excep-
tion of Canada and New Zealand, Tasmania, New South Wales, and possibly
South Africa, practically nothing has been or is being done on any systematic
basis to ascertain its true possibilities.” A few figures are given relating to the
potentialities of India, but these are not always reliable as the Committee had
not the information at its disposal for even the roughest approximation, except
in_one or two places. The British Water Power Committee’s Report
ends with the following conclusions and recommendations :

. | Conclusions.

“The main conclusions te be drawn from the evidence available to the

Committee are”-—

(.) That the potential water-power of the Empire amounts in the
aggregate to at least 50 to 70 million horse-power.
(2) That much of this is capable of immediate economic development.
(3) That except in Canada and New Zealand, and to a less extent in
New South Wales and Tasmania, no systematic attempt has as yet
been made by any Government Department to ascertain the true
possibilities of the hydraunlic resources of its territories, or to collect
the relevant data. :
(4) That the development of the Empire’s natural resources is insepar-
ably connected with that of its water-powers. :
(5) That the development of such enormous possibilities should not be
left to chance, but should he carried out under the guidance of some
.competent authority. {

[

“In view of these conclusions the Committee would submit the following
recommendations : —

Recommendations.

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

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

3. That where such an enquiry is beyond the powers of any" governing
body, the British or>Imperial Government place the work under
the direct control of an « Imperial Water Power Board” or
*“ Conservation Commission.” ‘ o

4. That the Government take steps to initiate the formation of such an
“ Imperial Water Power Board ” or « Imperial Conservation Com-

)

mission,” to include a representative from each of -the Dominions
and Dependencies. ;

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

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

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

as widely circulated as is desirable the followi
may with advantage be given ‘here\:

’ O -1l
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) sh(;uld be obtained to enable the State to assist or to undertakc such

t if thought advisable. . . o
Itis (lizﬂgsﬁgtf?tlhat mue}?might be done to attract private capital, if the
+ Do .

i igati rer guarantece a suitable
S : »ful investigation, were to guanr: :
e mteres c : capital, sharing at the same

ey e , ary '

imum interest on the necess: ; tho samé

4 :;?rlx?e in any profits beyond the amount ne?eszal gntg;)'p lplz 2\ x]\i)euld at
i ‘thi ssistance private ent e !

terest. By this method of a nce 1 be
ﬁltrammelle)(ri, and the management of the concerns so assi

would remain in private hands. -

-

sh Water Power Commitiece may not have been

As the Report of this Briti ne additional extracts from it

—Tt is i ible to estimate
¢ World’s Present Power Demand.—It is impossib |
" Thivithoggrsplr)f:&sng'ons to accuracy, the power now being used in the

various countries of the world. Independent estimates, based on such

. data as are available, tend, however, to show that it is of the order

of 120 million horse-power made up approximately as follows :—
World’s factories, including electric lighting
- andstveet railways - . .
T World’s railways
- World’s Shipping

75 million horse-power.
.. 2T, .
L. 24, »

Total . 120

is i , and water-powers. ‘
This includes all steam, gas, | : ‘
« Cost of Hydraulic Power.—1t must be realised that the cl{e:{pn&s}; ((:)111
’ learness of energy is purely relative, and ]1)f_(11'a111;c?_p}(1)“ texs hic
‘fu'e noi; at pre:ent able to compete ecnnomxﬁally wit ~s..re;::uii?{;‘roagr-
i i ¢ be able to do so. ITven now 1 !
in the not distant future > : e o Tuydalis
: iti f electric power generate '
able localities, the cost o _ e o o8l pomer.
i i g rourably with that of stea .
~ installations compares favou at of stean ov otl power:
' : rer is made up mainly of charg gaine
The cost of such power 1s o ug i charges agamn-t
i i reci nking fund charges, tas
apital, interest, depreciation, si g 1arge ' ;
(i}xfg\;t\m,me whicl:: are usually much greater thaﬁ‘;; ater ;lilglgg];::edé
of operati i d-supplies. These ca arg
:osts of operation, maintenance an ¢ ‘ ges
;?L?F (x)vidglycwith’ the local circumstances and physmat1 Eﬁlalaggil‘l fe
titcsyof the site. Where the available hizad ltsl great an o ecoil ipr;%
i¥ is provi ral lake, they may ara-
‘voir is provided by some natural lake, the) . compara
:P?:{vosmalll) "Where, on the other hand, extensive Wﬁll\tS‘ mqe
rla; u)irred to brine the water to the power house, and Wherelt : 11 anl:n
miqssion line is lgng, the overall cost 1ot %)ower may be largely
ated 1 team plant.
xcess of that generated by a steam _ 7 e
“An chimination o? some 120 European msta.llatlons shoT\ 8 tﬁab fpl.l‘;f;,](l}
ilis;:allations of upwards of 10,000 electric horlse-pow er b 1e 11111151{1:;1] o
ic works is £8 per horse-power ,
f the hydraulic works is : nst
g(r)if ghe fnaxigmm, £79'6 per horse-power. For 1?1}8 %1]1&]0;(1)1;{ gg
* . the installations the cost lies between £25 and lf;.zzsmisl?on s o
the electrical generators, switch boards, :&c., ané ’11:1 SIssion ower, |
also varies greatly, ranging from £1:25 to £28:4 pex£ drorse Phorse:
while the cost of the turbines ranges Trom £4 to €8 per hotse
! ' The working costs vary between 8
horse-power = year, with an average value of £J=1.‘-11 YFlomlot%hefg
figures it appears that on the average, making an a (_mlantcrc;c of 19
‘pgr cent. for interest and depreciation, the cost OI-)E?r elec S
. power per-annum is in the neighbourhood ?f L1 5 s than this.
« Tn many installations, however, the cost is very muc g e ) lLv this.
The Ontarjo Power Company, for example, 18 agﬂe; 0 51t11 p£y1 . 8} o
e Hydr ! ! ission. of Ontario at
to the Hydro-Electric Commission ot jb SLS per
i rer per 1t is estimated that many :
: : ric horse-power per annum. esti ;
Glz‘lt(ig’t(z §owex's iln Canada can be developed at a total cost, including
lda =S .

power.



iv” ) INTRODUCTION.

to £20 per clectric horse-power in which case the cost per horse-
power per annum should not exceed £2 to £3.

“ Necessity for Preliminary Investigations.—1In spite of the great import-
ance of water-power, many of the potential powers in ‘existence
must of necessity prove economically useless, either on account of
their great distance from centres of industry, the 'lack of transport
facilities, or from the fact that the storage necessary to give a
continuous or fairly continuous supply would be too costly. Of
many potential powers it can be said without furfther investigation
that for the present this is, and for a long period to come will be,
the case. Of others the reverse is true, and it is evident that the
scheme will amply repay development. But in the majority of
cases the extent to which a scheme is capable of economie develop-
nient can only be determined after a careful examination of the
catchment area and of the site of the proposed works ; after a care-
ful and prolonged investigation of the rainfall and run-off . records ;
and, especially in an undeveloped country, after an investigation

- of the mineral and forestal or agricultural possibilities of the
sarrounding region. : » : '

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

“ Where the power is utilized for the supply of some industrial centre this .

is undoubtedly true, but it the idea were to be generally adopted, it

would cut out an enormous aggregate of potential power, more -

particularly in tropical and semi-tropical countries. The possibility
of utilizing flood supplies for seasohal operations in connection with

mining, agriculture and forestry, or for the production of nitrates

~ in such cases, would appear to be worthy of close consideration.

“In any case, the possibilities of a given scheme can only be determined
after a prolonged hydrographical and meteorological investigation
of the site and surroundings. To be of real value such an investiga-
tion should extend over a long seriesof years.” Rainfall records,
though forming the basis of any such investigation, are only of
partial assistance in dealing with water-power questions. The
actual run-off from the catchment area is the all important factor,
and the ratio of run-off to rainfall varies avith the physical charac-
teristics of the area, the vegetation, and the climate so that rainfall
gaugings cannot be substituted for the more laborious and costly

collection of continuous records of river levels, combined with .

frequent gaugings of flow. It must- be emphasized that each
scheme of development requires independent investigations to
determine completely the local conditions governing the flow from
the area intended to be utilized. : A '

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

(1) Installation and continuous recording of river gauges on all likely
channels. v ’ L

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

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

“ If a reasonably long record of rainfall exists, the determination of the
run-off for a few years will serve to give 'a relation between preci-
pitation and run-off which can be carried back as far as the rainfall
records go. The initiation of operations (1)—(8) costs little, and no
time is lost in collecting the more important data. - :

“While this is true, it should be bornein mind— . ;

(1) That to be of reliable value from a commercial point of’ view the
hydrometric studies must give a continuous record for a number “of
years, and show not only the- minimum low water flow, but also

INTRODUCTION.” : 2\

the maximum flood conditions that have to be met in designing the
head works. , § , ' .

(2) That the investigation of suitable rivers should include confour
plans of the sites, profiles along the entire power reach of the rivery
and along the barks; also studies of lakes or lochs for storage,
where they exist, and of the possibility of inter-connecting two or
more such lakes to feed one large project. These studies should be
in sufficient detail to allow of preparing preliminary plans and'
‘estimating capital and.operating costs, in order to demonstrate the

~ capacity available and the commenrcial feasibility of develqpmen’o:

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

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

~ (5) Especially is this the case where storage may be developed, in order
' that the maximum possible storage may be secured, and that the
water may be equitably distributed to, and the cost of the works
equally borne Dby, the various interests benefited. Proper storage
‘may greatly improve flood conditions and enhance the value of

land as well as increase the power available.

(6) That, without complete surveys the capacity of a river cannot be

© accurately judged. Thepondage created by the dam will in many
cases more than take care of the daily peak load, thus increasing
the power available beyond that due to the minimum low water
flow, and-this may be still further increasedf,by,st.orage at t‘ih'e head
waters. The power capacity of a river may sometimes .be increased
by such means by 100 or 150 per cent or more.” .

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

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

- been circulated extensively. It is reprinted in Appendix L.

The following is a brief diary of the places visited during the cold weather
of 1918-19. - :

1918 November 15 to 17 . . Delhi . Preliminary meeting of the two
' officers.

November 25 to 27 .. Cawnpore . Mr. Barlow and Mr. Meares.

N%gztﬁgeio?fo} . Nagpwr . . . Datto.

December 4 to 8 . . Bombay . . Ditto.

> ‘D»ecembér 1Qto 14 . = - Madras . . . Ditto.

December-16 to 20 . . Caleutta . . Ditto.

December 21 to 22 . . Patna . . . Ditto.

1919 January'2 .. . . Delhi . . . Mr. Barlow only.
January 4 to 6 - . . Lahore- . -~ . Ditto.
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January 7 to 8 .. Peshawar . . Mur. Barlow only: 7

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

January 18 to 19 .~ . Cherrapungi . - Ditto.

Jannary 20, . . Shillong . ; . Ditto.

January 22 to 23 . . Jatinga river . . - Ditbo. ©

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

January 30to 31 . . Calcutta . . ’ Ditto.

February 4 to 6 . . Rangoon . . Messrs.  Barlow, DMeares and
‘ . Raikes.

¥ebruary 7 . . Toungoo . Ditto.

February 8 . . Thandaung .. Ditto.

February 9 . ., . . Toungoo . . Ditto.

Tebruary 10 to 137 . . Kalaw and Toungyi . - Ditto.

TFebruary 14 to 16 . : Mandalay . . ‘ Ditto.

February 17 to 18 . Maymyo o Ditto.

February 20 . . Naymyou . . Ditto.

TFebruary 22 . . Maymyo . . Ditto.

February 24 to 25, . Mandalay . ‘ Ditto.

101}\)[1‘;3;3 12 § to } . Yenangyaung . . Ditto.

March 8to 7 . . . Rangoon . . Ditto.

March 28 . . . Jalpaigui . . Mr. Meares only.

March 29 to 31 . . Darjeeling . . Ditto.

April 1 to 2 . . Jalpaigun . . Ditto.

April 3 to 7 . . Jaldaka River . . Ditto.

March 10 . . . Calcutta . . Mr, Barlow only.

March 13 to 20 } . Meerut ) . Ditto.

Marck 21 . . “.Bhola . . .  Ditto.

March 26 . X . Aligarh . . . Ditto.

March 30 to 81 . . Amritsar .. Ditto.

April 2 . . . Lucknow . . Ditto.

April 4 - " . Narora . . . Ditto. .

April 9 . - . Narora . . . Mr. Barlow died.

April 14 . Simla . Report begun, .

During the visit to Burma Mr. B. Raikes, Deputy Controller of Munitions,
and formerly Electrical Engineer to the Government of Burma, was placed on
special duty to accompany the Chief Engineer; his knowledge of the country
proved most valuable. During this period a certain numher of promising sites
were examined, though only cursorily ; and local officers supplied much useful
information and promised to furnish more if their ordinary duties enabled them
to spare the time.

On the conclusion of the month in Burma, the objects of the whole preli-
minary tour having been accomplished as far as was possible in the time, the
Chief Engineer decided that he and Mr. DMeares should separate and work
independently until April when the report iwould be prepared ; it was his inten-

tion that he himself should pay more particular attention to localities where -

storage reservoirs were likely to he required while Mr. Meares investigated
high fall projects. -

At this stage of the enquiry Mr. Barlow contracted small-pox and died
suddenly at Narora, on the Sth April 1919. His loss to the Government of
India is very great, for, despite his extreme care in recording every item of
information received, his unrecorded impressions of localities and of men would
have proved invaluable when he came to compile his report. Furthermore the
late Chief Engineer’s special talents, both of engineering and organization,
resulting from 33 strenuous years in India, are lost to this important investi-
gation. Pending fresh arrangements Mr. Meares received instruetions to carry
on the work and to write this preliminary Report. )

It will be realized that, owing to the absence of many officers of the
Public Works and other Departments on war service, it has  been no light
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Saatter for those who remain to give time to the special ix}\{estigatlo‘nsf req&nfei
on the Survey. In many cases the sites where power 1s likely ‘{0 be r(\)?l{ (lz}:lfls’
only accessible with difficulty, and their examination may %vo ve ie\ u‘?mti 3115
journcy in country where there are no communications. | -augll)n%, oplc :S ' ons
require technical knowledge and take up .conmderablq time, bu unles  the
minimam discharge of a river or stream 1s known with son(Jl(} (zrmplnrl(‘)lag 1(1is-
accuracy any computations based on it may be very Fms}ea 11‘10]._ Yl s
charges of the main rivers already used for irrigation purposes a;elxnm n, b
this is nob the case with their tributaries—often likely to be of va uc—noxn\\ Ey
the innumerable mountain streams that have hitherto not been used a}; all. L
is unfortunate that such records have not; been kept in the 1‘)ast, as Ech% 100(:(1);&:
of a single year, even if an exceptionally dry year, are a very uncer afnb]ot de-

Much valuable work has however been done in these unfavoura (? (,'_u
cumstances, and in the normal years of the future it is to be hope’(} tl}at i ‘.(\rl ‘
be carried fo a successful conclusion. It will be observed that o“)m]g 0 .\{aozl_(:
statements a good number of possible sites for power have not yet been 1denti

- fied. A site should be located cithet by the exact map square in which it is

i i ile series, or titude and longitude. Nega-
laced, in the 1 inch to the mile series, or by latitude and 03 . Nega-
Ei:ft: 1‘e’sul‘os are in mony cases entered in this Report, as they will save uscless
investigations in the future. .



Simla

s of the Survey of

India, Caleurtn, 1914

PRELIMINARY REPORT.

Note.—In this Report, nnless the context shows that a more restricted meaning is intended, ©India”
is nged in its geographieal sénse as meaning the whole of India and Burma together with the Native States and
adjoining territories whose waters find their way into British territory. Similarly the terms Bengal, Madras ete.,
include the neighbouring States whose waters enter the Province, and it is not intended to mean that the
Province in question necessarily has the right of development.

CHAPTER L—WATER POWER IN GENERAL. '

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

Pipes are led from a convenient artificial reservoir or “ forebay ' fed from
the river above the fall to a power house at the foot of the same, and the
water is passed through these to turbine wheels which generate mechanical
power. The turbines may be used to drive any kind of machinery, but in the
majority of cases they are used to drive electric generators from which electri-
cal energy is transmitted to wherever it may be wanted. The power is obtained
from the weight of water falling by gravity through a certain vertical height ;
in the unharnessed waterfall the power is still there, but it is wasted in heat
and in breaking up the rocks at the foot of the fall. Controlled by man
nine-tenths of the power can be made available on the turbine shaft, and only
one-tenth is lost in the conversion. Coming now to the actual computation of
the power, or the rate at which the controlled waterfall is doing work, this is
expressed in horse-power (h. p.). Unfortunately there are many different varieties
of horse-power, and even among engineers they are frequently confused. Thus
there is the theoretical (hut unobtainable) water horse-power (w. h. p.) in the
stream ; the mechanical or brake horse-power (b. h. p.) given off from the
turbine shaft, which is less than the former by the losses in the turbine ; and
finally the electrical horse-power (e. h. p.) given out by the electric generator
which converts mechanical into electrical power, which in its turn is less than
the brake horse-power by the losses in the generator. These three are all
fundamentally of the same walue, (i. e. 550 foot pounds per second) so that it
comes to this ; that as one gets further from the actval source of power the
available amount of h. p. diminishes, owing to the fact that every conversion
involves some losses. For the purposes of this Report the electrical horse
power given out by the generator will be the unit generally employed, with
the kilowatt (kW) as an alternative in brackets when necessary, so that the
reader need not be troubled with the explanation of electrical units. Neither
w. h. p. nor b. h. p. need be further considered. The whole of the data available
for this Report are indeed so sketchy that no serious error would result from
confusion between the various units. They are however examined in detail in
Appendix IV.

With a given flow of water the power is proportional to the fall, i.e. 1,000
feet fall will give twice the power of 500 feet, and so on. Again, with a given
fall, the power is proportional to the flow, so that 100 cubic feet per second will
give twice the power of 50. The fall (or head) is expressed in feet, and may
be taken as the difference in level hetween the point where the water is taken
into the pipes (or the head waters where no pipes are used) and the point where
it is dmcgar charged from the turbine (or the tail waters in a canal or other low
fall). The actual net head is slightly less, but this need not be considered at
present, The flow of water is ordinarily measured in cubic feet passing a given
point per second, often abbreviated to seconds-feet,” but the irrigation term
“cusec ” is in general use in India and will be used in this Report. The effici-
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ency of plant varies greatly according to its size and - working, - conditions of -
load, but here again it is unnecessary o go into fine detail. An -overall effici-
ency from the water to the electrie 0*'eneratm of 80 per cent will: be-taken: as
the basis in this Report.. Thus the sxmple formula ,for the lpotentm,l electncal
horse-power obtamable from any project is: , :
__cusecs flow x head in’ feet
e hp = 4
Further technical detmls will_be found i 1n Appendxxes I and I~l
example, the followi ing may be considered; L
(a) Head or fall 1,000 feet; flow 11 CcrIsecs ; power 1 000 e, h. p

(8) Head or fall 100 feet ; flow 110 cusecs ; ; power 1,000 -,
(c) Head or fall 10 feet ﬁow 1,100 cusecs ; power L 1000 »

9. Useless sources of water power ——Havmg consxdeled the case of the
natural waterfall the other extreme may now be, dealt with, namely where
there is only a small and ﬂuctuahno' rise and fall in the water:. ~Correspondence
and the records of the Patent Offices show that there is a- Wldespread idea that
much power is going to waste in the tides and in’ the. slow noving - rivers .of
the plains; this is true, but in the upshot it is -commercial .and not -
engineering considerations that must necessarily pr evail, and. these are against
the utilization of such sources of puwer. .Inventors in modeln times have long -
been anxious to utilize the immense foree.of the tides, shown by their destruc-
tive action on the coast and especially on attificial works™ designed to .control
their fury ; but here there has -been no practical résult, not becauqe the power is
absent bub becanse ‘its utilization would ‘generally-be. pr ohibitive : in. cost.
Again, tidal rivers are a fruitful source of dlsappomtment It may in favoura-
ble conditions -be possible to impound the rising water by a dam and thus to.
obtain the benefit of a fall, both when the . tide is risine and. again when it is -
falling; but apart from tlhe enorindus capital’ cost that- Would generally be
involved for a comparatively small amount of power thereis the additional
difficulty that there- would be no power available when the waters on both
sides of the dam +were at the same height. Once’ again, mindful of the old
undershot water wheels that- helped the windmills to grind the people’s flour,
the possibilities of the great slow flowing rivers often appeal to the fancy as
sources of power; but “here once more, though - considerable power may be
going to waste, considerations of cost generally prevent any practical use of the’
power. It comes then to this, that in the absence of a definite arid aver-present
fall of at least several feet no Water-power scheme" is likely to mafture as d
commereial suecess. [f water were the only source of power  the outlook
would be different ; but it-is generally in active: competltlon with-other: aoents" '
such as coal and 011 which are dealt W1th Iater in thls Repmt . o

8. Artificial water falls. -—Strangely enough the Possibilities  tha {he’
. between these extreme cases are often overlooked by the’ layman '
tion is drawn to them, for the greater part of the world’s Water‘
obtained from what may be called artificial water fa,lls
of a hill nullah will demonstrate the enormous power. of
a moderate slope. Boulders the size of a house will be. fom‘
ed in the middle of the stream, with- the celta,lntyftha,
from higher ground and will sooner or later:continue
greab rivers ; mdeed the valleys. themselves are suﬁime ne
of water to do destructive work. = It 'is’ the hydrauh “engin
turn some of this waste to consbluctlve ends, though ‘his:ub
only be as dust in the balance. - In order bo- utilize
stream if is necessary to divert the water from’
into a-gently sloping artificial channel along th
ing this for a longer or shorter distance; the "cc
can be concentrated at one point and & fall o
: thousa,nds) of feet: Obtamed 3 in fact an ar tificial
4. Reservoir pr q;ects ——So far the exwtence off TUNNing s
postulated, but this may generally be supplemented,and  some
by storage of water at the top of the fall Whethel thls
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Tata Hydro Electric Works; 200 feet towers on transmission over tidal creek.
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In any part of India where fu
be an opening for the combination of
reservoirs are involved this is evident, for -
may be discharged directly into canals.
suitable ground for such a canal, it may be necessai
“head " on the power plant; but that can well be faced, as _ ned
project might pay where it would not do so if confined to eit! rigation or
yower, The cost of the storage works would be met by both undertakings.
}u the case of the canals fed by perennial rivers the same combination offers
attractions. Hitherto, as pointed out at the Punjab Engineering Congress in
1919, the possibility of utilizing canal falls for power purposes has not been
taken definitely into account in their design and layout ; thus there will often
be several small falls in a few miles of canal where a single fall would have
heen practicable and would have been far better for power development. 1t is
to be hoped that in future this will Be borne in mind. Several small falls are
however preferred for irrigation purposes on the score both of economy in cons-
truction and of facility of command. . :

6. Descriptive Classificalion of water power.—Having cleared the ground
by explaining the ¢ general idea " of water power the various types met with
may now be further classified. In the first place a scheme may be developed

on
(é) a high head
&ii) a medium head
iti) a low head.
There is no exact line of demarcation between 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 400
feet up to the limit of nearly 5,000 feet ; 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 £~aﬂ. tubes,
extending from the lowest practicable limit of about 3 feet up to about 80 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, but
generally not of the Pelton type except in America. , Ry 74
The second basis of classification is-according to whether the water supply
is perennial, or from reservoirs, or a combination of the two. D, e

 Yet again, there are various methods by which the head or fall is obtained,
iz, 1— :

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

(b) An artificial fall created by a dam alone, the water being 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. Such an arrangement may be utilized for either a
medium or a low fall. A succession of rapidsin a river is often
dealt with in this manner, and a canal fall is a special instance of
it also. The water stored behind the dam will generally remain at

the highest level, constantly fed by the stream or canal, and if it is
drawn upon the fall available will soon diminish or even disapp

If however the waterspread of the reserv ir is great it wxli i

generally be permissible to use it for regnlatm)gp es, as a few
feet of depth may be sufficient when utilized to allow the whole

i:lcomjng flow of the day to be used during the

ours. LS T ek Ot LA ,
(c) An artificial fall, developed by tapping a perennial stream or a

reservoir at a high level and conveying the water in an artific -

channel to a point where pipes can be taken down to g 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 yery low

heads, such as combinations of two or more canal falls. The supply

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

Instances may 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 be
classed as “low head ” special difficulties are met with owing to the great
seasonal variation in the water level ; the monsoon rains, or even a local storm
may cause a great rise in the level and it not infrequently happens that the
rise is greater helow the power house than above it, so that the available fall is
diminished. In narrow channels this is particularly likely to occur, so a gorge
is generally a bad location.

The illustrations and layout maps in this Report illustrate varieties of
type (¢) above, as will be seen from the data rclating to the Darjeeling, Simla
and Tata works in Table 1, para. 23. Thus, at Darjeeling (Frontispiece and
Map 1) three separate 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 Mayp 2) a single stream is led by a concrete flume to the masonry
regulating reservoir ; thence a closed concrete pipe leads to the forebay from
which the pressure pipes take off. In both these instances perennial flow is
depended on, as the storage is only sufficient for a few hours; and settling
tanks are provided to deal with the large amount of silt and débris brought
along the channels. The Tata works (Plate 3 and Map 3) depend entirely
on storage from three lakes, which, by means of canals and a tunnel throngh
the watershed, feed the forebay from which the pressure pipes run down to
the power house. '

ey}
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The perpetual snows of 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 arc for irrigation..
Even the comparatively low lying snows will last on well into the hot we&ther,
feeding the springs and keeping up the volume of water. There is however very
little of this “White Coal”- (houslle blanche) in other parts of India, and such per-
ennial streams as exist are spring fed. Burma is especially well off in this res-
pect, but often the springs which appear at one point will disappear in a similar
cleavage a little further on, so that there is only a slender chance. of heing
~able to supplement the flow with storage in ground so badly fissured. The ,
disadvantage attaching to the Himalayan snows is that they lie almost exclu-
sively in trans-frontier regions, and exhaust most of their fall to the plains
in Kashmir, Tibet, Nepal, Sikkim and Bhutan. The boundary lics for the most
part near the foot-hills, and while the water can be used thercafter for
irrigation it has reached the inert stage (palaﬂ‘mph 2) from the power point of
view.

- 9. Rainfall and run-off —Into the highly technical subject of rainfall and
run-off it is only necessary to dip for a moment. Clearly all the rain that
falls in a given catchment area 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, zmd the
more gradually the rain is precipitated the greater will be these losses. Very
light rain after 4 dry spell may not affect the flow of fhe stream in the slight-
ost 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-off, A . -

. If the rainfall over a particular catchment area in any period is known,
and the stream flowing from it can be gauged, the percentage of run-off can
at once be calculated 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
countries 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 intoaccount. Minimum discharges onsmall catchments may vary 4 or 5
fold in different years, and are e\tlemely difficult to calculate; a long series

of rainfall averages will however, indicate to some extent the 101‘11:1011 bet“ een ©

the unknown dlschawe of an e‘{ceptlonallv dry year and the known discharge
of a particular year. Intelligent nuesswmk of this nature presupposes
knowledge of local conditions and 1onfr experience.

Formulee for calculating the maximum run-off from a catchment have been
devised by many Engineers, Dut they all employ coefficients which it is impos-
sible to ascertain without a comprehensive study of the nature of the area and
the rainfall.* It may however be accepted that a study of the daily rainfall
observations over a period of 30 years will give a_ fairly accurate idea of the
conditions which are likely to occur in tutuze, and it different percentages of
run-off are assumed for light, medium and heavy falls, depending on the nature
of the catchment, a fmrly accurate forecast can be made.

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

Light falls under % 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.
Medium falls are those from 1 inch to 13 inch when followed or preceded
by any but light falls ; also all falls from 13 mch to 3 inches.

* * See chapters on “ Rainfall” and “ Maximum flow off a catchment”™ in Buckley’;:_“ Irrigation Pocket

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

Table showing percentage run-off assumed.

A B C D V E
Light falls .~ . . . 1 3 5 10 15
Medium falls . . . 10 15 20 25 33
Heavy falls . . . . 2 33 40 55 70

A=z={lat cultivated and lack cotton soil catehment.
B=flat partly cultivated and stiff soils.

C=average catchment.

D=hills and plins with little cultivation. .
E=very hilly, stecp and rocky with very little eultivation.

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

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

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

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

10. The measurement qf a discharge—Wherever a stream offers possibili-
ties of water power it is necessary to ascertain the Minimum flow of water init; *
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 reac¢hed ; and
as this was the case in many parts of India in the cold weather of 1918 it may
not recur for a Tong time. A ’cyele of about 30 years is .required to determine
the definite minimum, The minimum discharge of any year is however of

e
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CHAPTER III

LOCALITIES AND SURVEYS,

11. Geographical considerations.—Leaving aside for the present the canal -

falls and low river falls that it may be possible to develop in the plains a
glance 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, yhere there is water enough to use them.
(¢) 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 84, 35, 38, 39, 43, a corner of 44, 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 Afghanistan on the west, Kashmir and Jammu in the midd]e
West, Tibet and N epal in the central districts, Bhutan and Sikkim
in the East and finally Yunnam in the extreme East. The Western
part of the region is in the dry zone, and for the most part is not
likely to offer much power; the remainder has considerable possi-
bilities (vide rainfall map). Sheet 78 also contains the Khasia hill
group, with high plateaux and great rainfall. = - :

(é9) The West coast, comprising the hills from the Aravali Range in
Udaipur, the whole of the Western Ghats, the Nilgiri Hills, and
on down to Cape Comorin (Atlas sheets 45, 46, 47, 48, 49, and the
Western part of 58 ; sheets 40 and 41 have no high ground and
scanty rainfall). : . »

(i) The East coast from the Eastern Ghats and Ganjam down to Cape
Comorin. Atlas sheets 57, 58, 66, 66, 73, 74; sheet 79 which
includes Calcutta offers nothing except perhaps in the patch of
the Chittagong hill tracts at the Eastern corner.

(?v) Of the remainder of the peninsula, inland, there is prospect of but
little power in the parts of Rajputana, Cénfral India and the United
Provinces shown on Atlas sheet 54. The Central Provinces have
considerable possibilities in the areas shown in Atlas sheets 55
(comprising the Chhindwara area) and 64, while the Bundelkhand

and Baghelkhand hills on sheet 63 also merit further investigation. -
Hyderabad and the surrounding districts on sheet 56 also have
considerable elevation, but the rainfall is precarious and there does
not appear to be much indication of steep falls to the lower ground.

() Practically the whole of Burma, both the coast line and the interior
up to the Shan States, offer great Possibilities, especially as .there

are far more perennial rivers and streams here than elsewhere.
(Atlas sheets 84, 85, 93, 94, 95, 96, 102). . .
12.. Maps and existing surveys—The Atlas sheets of India, which have
becn 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 been issued by the Survey of India, . but many
still remain to be done ; and, of those Issued, a large number are nof contoured
hut 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 ca ; mate-"
Iy on even a 1 inch contoured map. Hijll shading is-valuel
It is particularly unfortunate to this investigation that so
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 be found in remote and inaccessible hill jungles, “of .
interest only to the sportsman and the Forest Officer. Forest maps, on.a - scale. -
of 4 inches to the mile, contoured at 500 foot interval v

ess for the purpose. *
- many -of the most

n be determined approximate-

‘maps, ona scale.
s with gnter)’vﬁémng; form

2
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) G g ry, includi -h high
lines, are available for considerable tracts of »ccl)luntl. s 1nct11111dlngm;1;)1gl(,am gh
o ) i rer.  Where this 1s so these S are
' ' 5T POWCL. here are 1
. that may contain water powe et 50 | are o
53(1)11;:111{)116 hut thgy are apt to end in a tanta11z1ngt1}nan11'eal 1]11151'2) ?{3 gfmﬁd ;%reas
' i i 1ere are v caps in the middle apped .
of & posele Drolect o th(‘n'e we mlati:ug:;pewq mapped on the scale of 2 inches
In addition to the above there are cert s mApped On e S atiguine
to the mile ; and the tracing out of contours ou S
han ib i the one inch maps. N - _—
thanz‘» éigg_ulstudy of the largest contoured maps which are av fulal)llc ()\1\:111‘(1)11011
found of great assistance in all reconnaissance work. In‘ demf ]a unsilfae&m agd
c(())untry it is frequently impossible_ to follow up 'th% comscthorLt a stren %all -
nless the maps are carefully studied it may easily happen . ‘iven i Talbor
;l Hromisine reservoir site is missed. A few exz}ml()llc%s are g en.
in&icate-thc? kind of information which can be.obta{ne rom m1 pt : " tveen
(«) A flat or a stecp valley or hill side is shown by thc dis zmgle bekvee
‘ “the contour lines. 'The closer the lines are the steeper the y
ill be found. L .
) ’E}ge distance between any two contour lines which, cross a stres
g1, * . . h
: i1l eive the fall in that reach. , . el
(c) szex?ce of village sites and roads or pathways denotes w ild or un
tivated country. o . ———
(d) Numerous habitations on the hill slopes or 1‘1{ a varllle?l;i; iy
"’ country denote cultivation, and generally springs or pere
i streams.’ _ L - .
) \l\ght:;fthe discharge of a strcam is known at a certain p(;n}nt, an (13%;1&
‘ ' . : :
¢ of the discharge at another site can gener allly be guessed by a
i i ‘hme reas ab the two places. o
rison of the catchment areas ces. e
f) ]I;E_hm study of the nature of the valleys and the hill sides, 1& %n ) (1) dea
( cz};l; e obtained of the general nature of the coungr)rc,l an(t }( sml {md
i -ence to rescrvoir sites, slopes of the stream,
bilities with reference to rescry b the e
tificial fall for power purposes can be -
laces where an artificial fall r pow 0508 ¢ ou e
(g) \g’hen a stream makes a long hair-pin bend, it is _hequeilﬂ) 1)(::5 ble
? to obtain a good fall by diverting the water in a tunn(é. acu;;l e
b . o ‘o —_— eS
rer les of a river can sometimy
k of the bend. Several mi . ' ' i
ifzfnner be replaced by a short cut diversion of a few hnlm? %S.s'[ee
() Sometimes the slopes on one side of a watcr-;hed are v _eé )mfw bpu’
| while on the far side they arc gentle, “chlllen thgs hzz]ll)pensﬁ thc;" .
i -eservoir and divert the water throug R
ossible to form a reservoir'a > wat
gnd by this means-obtain a most useful ax tificial fallt._ P
(i) By tracing & contour line along both banks do‘f a s'li{e‘zaof, e
oint that appears favourable for the hea wor '\f : ‘c _Dower
o Is')(iheme _some idea can be obtained as to the possibility o [ oy onae
\ an OPCI; channel along to where there 1s z;l steep ‘fall.t iiten one
is 1 3 -able than the other, owing h
bank is much more favourab ) o bo ey
i ‘hich would have to be cross to
liffs or laree nullahs which w be Ty
323 ‘rock, as gon the Jhelum Valley road, where the clay is fou
3 N X
now on one bank and again on the othe.l. o et decide
'Where no contoured map can be obtained it is impossi "(13 fo decide
whether a development is practicable or not \\'Etltlﬁut a ;ggclgy survey,
)ensi mination of the gro g .
lengthy and expensive matter. An examinatio  OF the grow Ly of aneroid
obszrver, who knows what to look for, with an . nel)l eindicmte ir O nerort
i O 1 r 1 O¢ 1a i :
barometers, and a thermometer, will how ever i,len(? ’ery e s 1o Do of
a survey is likely to be justified or not. 'l.h1's owever s mok e b a1
much value except in cases where the 111111111([11111%1 kdlsc. m?leé it Sl of
it rarely is--unless undertaken In th .
. known—and it rarely is--un . n lest i
Frynia oine of the flow can be combined yith examination
the year, when gauging o e e hts
~ground and the rough determination g

i ' y ; ¢ able

18, Auneroid surveying.—Yor the guidance of zull)y pelstl)}lli ] ;;gotlllﬁzgy\?llilc e

130 » . - water power it may be expl: he

amine new sites for water po | ‘ pule 2

fage?:a;:lcord of the difference in height between two Statlf)lls hasu Q;’n;?ﬁ: ——)i i LoE

aneroid—i.e. between a possible head works an;l adipﬁ'ol\(l?{t 1(3)1 e site—ls, of

the * reduction ” ryations is not a atter.

value, the ‘ reduction ™ of such observations ; :
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“date and hour of each observation and the temperatures are recorded the re-
ductions can be made when observations have been sent in. An aneroid (and
a mercury barometer for that matter) measures the atmospheric pressure, #nof
the relative or absolute height of the station ; but surveying aneroids are cali-
brated in feet of altitude as well as in inches 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 affect its reading so long as the almospheric 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
easily cause a large index error. Where difference of altitude can be quickly
measured several times in succession, without exposing the instrument to large
changes of temperature, results correct to a few feet can be obtained; where

however the readings are spread over a day’s work in the sun discrepancies of

as much as 100 feet may be found after reduction, even in the work of a skilled
ohserver, especially in the intermediate .readings during the day’s march.
There are two corrections to be made :—
(@) for the alterations of the atmospheric pressure during the period
of the readings, including the diurnal variation ; '
(0) for the temperature of the air.

' A§ regards the former, the best method is to have two aneroids, 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 seldom practicable,
and the alternative is to apply the average correction for the diurnal variation
for India given in Molesworth’s “ Pockeb Book ” under the heading * Aneroid
levelling. ”  For all practical purposes oneé inch may be taken as equivalent
to 1,000 feet. This correction may amount to as much as 50 feet either way.
It neglects any actual changes due to depressions, ete., which can however be
olgtalnecl from the daily weather reports; but if readings are taken at the start
of each day these are seldom of importance. ‘ '

_The temperature correction depends on the added temperatures at the two
st;a@xons ot.obsel.‘vation, so these should be recorded at ‘each reading. . The
difference in height of the readings (assuming the aneroid to be graduated in feet)

has to be multiplied by a constant which will be found in Molesworth (loc.-

cit), varying from unity at T4-t=64° F. up to 1'187 where T4t=188° T,

As an example is always preferable to a-reference to rules and text books

the records and reduction of part of an actual survey ave given in Appendix III.

surveys and coal conse .
vours have been made to_ascertain the approximate amount of power

 Thus in the Preliminary Report of the Water Power Committee of the
Conjoint Board of Scientific Societies we find (page 2) :—

ascertain the approximate power ins

. in India.
. found in 1917 that the total amounted
285,000 electrical horse-power, of which 36 per cen

“power*.

~certain parts of India at present ; they are only approximations
~incomplete: They have been compi
B 'Qfoptrolrlers of Munitions for the most part, an

Py

; "(?fdégédings of the Punjab Engineering Congress, 1919,) - b2

CHAPTER IV.—POWER AND ITS USES.

14, Census of power used in Indic.—In connection with the hydrographic
rvation enquiries in various parts of the world endec(ml-
used.

© « Tt 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 ds are -available, tend however
to show that it is of the order of 120 million horse power made up

approximately as follows :—

" World’s factories, including electric lighting

and street railways 75 million horse power:

World’s railways °1 )
World’s shipping . . . . .24, 3
Toran 1200, 5

This includes all steam, gas and waber power. o

Of the 75 million horse power used for factories and general industrial
and municipal activities,* a rough approximation of the most

- probable distribution would appear to be— ' :

United Kingdom 13 million horse power.

Continental Europe . . .24, 5
United States . . . . <29, »
British Dominions and dependencies . . 6 5
Asia and South America . . . .3, »

at an emly stage of this investigation to
talled in various industries and localities
Previously this had only been done for electric power, where it was
roughly to 215,000 kilowatts or say
t. was obtained from water
The total units generated amounted to only 550 millions. For
f electrical development the following
Empire will be of interest.  The watts

Enquiries were set on® foot

demonstrating the backward state o
comparison with other parts of the
installed per head of populationt ave as follows :—
' Watts per capita,

Canada . . . . . . . 118
Australasin . . . . . . 62
.. South Afriea’. . . . . 51 )
British Isles . . . . . . 33 = 1 ordinary glow lamp.
India . . . . L Under 1

- If population be a poor criterion let the area per kilowatt (1% horse pmvgr)

, insfalled speak :-—

British Isles . . . 7 squarve mile per kilowatt,
; South Africa . . .14, B ».
Canada 35 square miles per kilowatt.
India . .. T, o " ) )
Australasia . RO B o 5 Largely umnhab;ted.

of all kinds in use in
and are very
led by the Directors of Industries or
d it has been impossible to enter

The following figures are now available for the power

% Tist of Electrical Undertakings in India, 191617,

4 < A project for providing the Punjab with a cheap supply of Electric Power 5 F. L. Milne, AMIEE.

~
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the full details here. Recommendations are howeve
of this necessary work, in para. 31 infra.

Assam (all forms of power)—
Cachar
Darrung
Haligang
Kamrup
Lakhimpur -

Sibsagor, Goalpara, Khasia and Jain

South Sylhet
Sylhet

. *

Dengal—~

The returns compiled in this area,
particularly comprehensive in their
showing the totals in each district exclusi
A few returns have not yet been received.

Brake horse power.

Bakarganj . . . .o 42
Birbhum . . . . 34
Burdwan . . . . 15,371
Caleutta area® . . . excluded
Chittagong . . . 697
Dacea . . . . . 874
Darjecling . . . . 1,824
Dinajpnr . . . . 25
Faridpur . . . . . 12
Jalpaiguri . . . 3,109

The Calcutta Industrial area has the following known povwer,
Jute Mills about $5,000 b. h. p-
»oom o 75000

Cotton

POWER AND IT8 TUSES,

det

..

Brake horse power.
4,940
< . v 2,980
. . . 600
. . : 290
. . . . 5,268
tia Hills, Nowgong 4,619

. . 700

R R 1

Torat, . 22,650

The results are as follows :—

Brake horse power,

Malda . . .~ | . 12
Midnapore . . . . 2,750

Murshidabad o . 80 °

Mjymensingh . . . 45
Nadia . .. .= . . 14b
Pabna . . S . 26
Rajshahi . . . . . 6
Rangpur . . . . 29,
Tippera . . . . . 239

; .

i ~ Toraw . 25,318

viz. -—

b .

In addition it cont
has not been estimated :—
Bone Mills

. . 8
Chemical works . 3 .11
Cotton presses . 3
Distilleries . X . .2
Engineering works 36
Flour Mills 11
Glass work ) .1
Ice Factories . . . . 2 -
Jute presses | . .1y

Thesc 162 factories may

Dilar and Orissq—

- Exeept for the coal mines, w

for extraction of the juice.

East India Railway Workshops using

o i

has the Bengal and North-W.

mills.  These however, following
refuse for steam raising.

160,000 |
ains the following number of works, of which the power

safely e assumed to have an aver
than 100 b. h. p. installed, or a total of 16,200 b. h, p.

hich obviously do not ‘require water
there are not many factories in this province ; and the low
waste gases in the steel works would, in any case, milita
stitution of water-power. The indigo industr
that only for a very short period annu
mostly small, in Darbhanga, Saran, Champ
but their working season is only 6 mont

39 »

Miscellaneous | . . .9

Oil Mills . . . . 20
Paper Mills | . . .2

Riee Mills . . : .7

Rope works ' b

Saw Mills . . . .47
Ship yards . . . . 8

Soap works . . . .7 .
Sugar Factories . ]

age of not less

’

power,

te against the sub-
y employs very little plant and
ally. There are sugar factories,
aran and Muzaffarpur Distriets ;

s, and steam is in any case_required -

Small oil mills are scattered over the Pr
Monghyr District contains a tobaceo factor

. ovince,
¥ using 200 horse-power and the

2,000 horse-power. Darbhanga District
estern Railway works using '
in addition to the sugar mills mentioned above there are

125 horse-power and
proposals for large rice

Rangoon practice, will probably use their own

¥ The Caleutta Industrial area includes the districts of Calcutta,

24 Parganas, Hooghly and Howrah,

[CHAP.IV

r made for the completion

by the Controller of Munitions, are

ails and dre accompanied by a map
ve of the Calcutta Industrial area.*

cost of coal and of

. | ‘ , | .
 Cmar. TV] | POWER AND ITS USES. '
ifombay (10 out-of 14 districts ; Bombay City not included)‘— Brake 11;;5; po“*gr.
Ahmednagar . . . . . . - S
Belgaum - . . St .. . . . 1900
Bijopur . see . : Ton
Dharwar . . . : . . . . : Y ous
Fast Khandesh . - . - ' : 3
Kanara . . . . . . . . . "
Kolaba . .. . . . . : . iy
Nasik . . PP . . . . 1850
. Poona (including electricity) . . . . ‘
7 Ratnagiri . . . . . . . ”
i . . . 8,620
Sholapur . . . . . . . . 2000
Thana . . - . . . - yien
West Khandesh . . . . . . . 34
' Toran . 32,872

‘ i rills in Bombay and Ahmed-
‘e ar t 10 times as many Cotton mi b . ,
A;St}ilel‘]%eartgmzlbb(i)t?mav safely Dbe assumed ';cha% O‘c(l)u]) 11)0“ er used in these
Qiciri is PUTpose | bout 750,000 b.h.p. .
istri . not less than abou 0, n .
| dlStnfc&tscf:;sggéim%?gp?)i'és of this power is supplied by the Tata hydro-electric
works. -
| %gzzg;ectrié Inspector reports that all the exist'%ingi lgrge miltllslellgi . ;1;1601{}:
' sk an y ; they are ther
T . ioflv paddy busk and sawdust, as fuel ; ! ‘ he
b 'mfuds.ei’n fxl*l;gegpéwer ysupply. The Rangoon Electric Tlanl.\l\. ays zgs% Su;g
lnteclles lel k; at present the clinker; which is almost pure mtll(lza, p‘cum-
Pad'kyt 1%3511{3’ it may be used hereafter for glass making. ‘ Inf tﬁse (il)le -
‘ ntlal es’a, census of power is not of much use, and as the lgtteli 0 éaomeg iy
S ang? ller of Mumitions on the subject were not 1'(r3¥)hed 0 111‘0 gt wb(L)ut
C\(rmil;?ﬂ:l It is estimated that the Cinchona distnl;:ts of Tavoy W)r}? hleel%url; fv‘ pout
750 - ining districts 2,000 horse-power. ‘e 1A '
' - ¥ the mining districts 2, 0 My
750 ho(Il'S? I%(})lvg(’sj'.l‘m?]? (900 area for 600 h orse-power for pulp nmn}lfacguﬁ e _1‘)1(1)6;’0;}'
deﬁm% 131,’1 nang -oung and neighbourhood will require some 10300 : ﬁl se-T ower .
ﬁeé ilip 'sebein?r}arra;d'ed for by the companies concerned, w 119[ wi 'USZtémlll
b% f" -1; 11e1 This is the case now, but-at present every well has 1 S 1?'“ n th(;me
o1 i(ille :vit.h oil-fired boiler, and a comprehensive electrical distribution sche ’
svlilgl effect great economy in fuel consumption.

Central Provinces—

alce horse power.
Brake horse power. Brak P

. 4,936 Nagpur . . . . Q’(l,é!‘i
Aol e PR Nima - . . . . % 03
A - . - . 50 Narsinghpur . . . . B
gﬁlag(}la.ﬁ : ' . 25 Raipur . . . . E 3
B'lan v ] . . 110 Saugor . . . . . 20
Aoy : . 3,548 Sconi . . . ST
Oldaa - T Iy Yardha . L . . 3,839
8{1‘1);?1(1]3\\&;% o . 88  Yeotmal . . . . . ,90
Hoshangabad . .o . Gga Total ' 32———-,773
» Jubbulborc . . . . 1,412 »
Mandla . . . .
- Madras—
Districr. Brake horse power.
: 029 -
,B‘el'lm'y ) . ?)égg 70 rice mills; 6 irrigation plants ; 2 water works ;
e | ) e ti lant '1 metal works
Chi ice mills ; 3 irrigation plants ; 1 metal 8.
o ‘ . 1 %ég 3'{ giL:s nfml’ decorticators ; one irrigation plant, 2
Coddapah - Y water works ; 3 others.
anj 591 7 rice mills; 6 others.
Ganjam . . I L85 8 oters
2 59 rice mills; 4 ginning
goizzzfry . : 3’392 341 rice mills,f 15 ginning ; 4 others.
untur . : ,

urnoo . . 2

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

: T 812
I%Igl(ll:rlea : .o 9T 21 rice mills; b others.
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Madras—contd.

Distrer.

North Arcot .
Ramnad .
South Arcot
Tinnevelly

Trichinopoly .
Vizagapatam .

ToraL

POWER AND ITS USES.

Brake
1,810
1,588
1,227

4824
1,149
1,871

39,568

horse power.

83 {‘ié_e mills; 9 ginning ; 1 electric,
98 irrigation plants ; 85 rice mills 5 7 others.
29 grlnnm%; 6 rice mills ; 18 others. -
¢ rice mills; 18 irvigation plants : T,
- 9 rice mills; 17 vari%us Flants; & others

North-West Frontier Provinee—

C[CmeIv

" Burma.

© OmarsIV) " POWER AND ITS USES: - ‘ | 17
- Snmj;;d?'!/‘—; ‘ | Brake horse power. .
‘ Assam 22,6560
Bengal . 25,318 exclusive Calcutta area.
Calcutta area 176,200 '
Bibur . - . . 2,325 apart from collieries, ete.
" Bombay Presidency 32,872
Bombay City area 750,000

e R . 17,750 exclusive of rice mills, ete,

“Centraﬁ Provinces . 32,773
- Madras .. . . 39,668
North-West Frontier Province
Punjab ' 15,734 steam only.

~ United Provinces

38,548

No returns received,

- Puajud.  (Steam only)—

United

Agra
Aligarh |
Allahabad
Almora
Badaun
Bahraich
Bands
Barabanki
Bareilly
Benares
Bijnor .
Bulandshahr
Cawnpore
Dehra Dun
Etah .
Etawah
Farukhabad
TFatehpur
TFyzabad
Gonda .
Gorakpur
Ha.mirpm'
Hathras
Hardoi

This is

stations but includes

Ambala . . . 1
}%}1;:;;’;{511‘ (fixclu(h.ng electricity and oil) ljggg
Dera Ghazi Khan - 156
Gujranwala 8
Gurdaspur 4
Gurgaon o
Hissar . . : 25
Jhelum o 550
Karnal . . . ' ory
Lahore (excluding electricity) 2,998
Ludhizul(a ° 1'10153 ) Vs
Lyallpur ! i
Multan : Voo
Muzaffergarh . e
Rawalpindi . sas
Shahpur “ 61
Sialkot - . . 284
Simla (excluding electricity) ?gg"
Torar 15,734
Provinces—
Brake horse power. . . Brake horse power
2,810 Jallaum o
1,585  Jaunpur . e
1,648  Thansi o5
. . 84 Kheri e
, . 272 Lncknow 000
203 -Mainpuri i
269 . Meerut s
186 Mirzapur i
1,297 Moradabad . R R
1,797 Muzuffernagar . 13'1384
243 Muttra ST
1,458 . Naini Tal 035
) 8,264 Nowgong 43? '
485 Philibhit o
500 Partabgarh b
780 Rai Bareilly o
361 Saharanpur 1 o
106 Shahjehanpur “or0 '
238 Sitapur . a2
341 Sultanpur u
2110 Unao ) i
o7 . 506
1,627 ' 5 '
o th_;a{ o4« - 38,548

exclusive of public electri - AT: o -
minor electric inst;lL(l3 Sopply -and Mllxta;-y ,' W,Ork%power o

ations, -

Brake horse power.

‘5-—_

GRAND TOTAL . 1,153,688

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 steel and its alloys ; electric welding,
now extensively employed; the production of aluminium from alumina,
prepared from the local bauxite deposits ; the manufacture of calcium carbide
and its innumerable derivatives; the direct fixation of atmospheric nitrogen
into the nitrates of commerce ; the electrolytic production of chlorine gas and
the preparation of phosphorus and of abrasives like. carborundum. All thesc
processes are in actual use in various parts of the world where the raw materials
and the power are found. The map in this report has marked on it informa-

. tion regarding the occurrence of certain of these raw materials. In some cases
the process is electro-chemical, in others electro-thermal, but in all cheap power
and large scale production are essenfial 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 fubure be done in some of these
matters: .

“ Electro-metallurgy and electro-chemistry have rendered it possible to

‘ handle materials not workable by any other means; have made

available new materials ; and have greatly cheapened the production
of many important materials of wide use. Aluminium, calcium
carbide, chromium, cyanide, silicon, carborundum, are products
+ rendered commercially possible only by electrical processes, while

alkalies, hypochlorite, phosphorus, magnesium, and sodium nitrate
are produced most economically 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 1'elativély large amounts of energy. The

world’s production of caleium carbide, for example, was 340,000 tons
in 1913, requiring 400,000 continuous electric horse-power for its
production, ‘while the energy used at the end of 1915 for electric
turnaces in the United States alone was approximately 300,000
electric horse-power.

Nitrogen Fization.—In the utilization of atmospheric nitrogen for the

production of nitric acid and the manufacture of nitrates, great

_developments hayve 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 in 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 fertilizers

by one or other system of nitrogen fixation must, in the near future,
become a question of national importance.
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a week before his death, and was greatly struc
method -for adoption in the United Provinces,

cultivation is less than 25 per cent

as will be seen in

16. Fuel and. water power.—1

cial possibilities of
capital cost of the
on the other.

driven, the latter is almost invariably muc
. all it saves is the cost of fuel, which is only one f
power. Staff and stores, office and legal expenses,
d in both. Thus while the actual compari

are incurre

price at which electricity can be sold i
. is whether the capital charges for interest
of the water power undertaking will be subs
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" revenue due to the supply given.
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power, and ten times th

become more practicable.
Experimental work in sub-soil pu
progress aft -Amritsar, Punjab; see table 2.

Comparing a steam or oil-driven electrical plant
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or station, have to be met from the additional
" If the lift of the pump were 10 feet instead
uld be pumped for the same

e acreage irrigated. The proposition would then

mping by means of tube wells has for
Sir John

took up the matter
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The late Mr. Barlow visited this canal fall development
k with the possibilities of the
where the present intensity of -
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Appendix 14, and sub-soil water is plentiful. Mr. Barlow
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with one water- -
h more expensive to construct; and
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repairs and depreciation
son will be between the
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and depreciation on the excess cost
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o extract from an article by the present
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scheme on the one hand and

fuel used by the other. The following
dustrial Handbook, 1919,” reprinted

* writer in the Indian Munitions Board’s “ In:

. from the Bengal ‘Feonomic Journal, 1918, on
-, power in India” will repay study.

o « Tt is obvious that large capital expenditur
~_ development ; furthermore as water power mus

a long transmission

construction is almost invariably higher

. the same capacity ; and the annual capi
tion are correspondingly higher.

« Against this may be set th

as no fuel is involved. The

- are relatively low,

- depend to any apprecia
‘' loaded; it is practically « fived sum per

practically proporti

with fuel-consuming stations.

- consumption of ade
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«The future of hydro-electric
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al to the total umits. In any
a hydro-electric scheme depends

onal to the total num
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h less in favourable circum-

at 10 per cent. the annual
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-

(an assumption near enough to the truth) there will be the difference between '
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Under the ideal conditions of large electro-chemical
allowing 1,000 kilowatts to be kept for spare and therefore

would generate about 26 million units (80 per cent. load
' - B
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factor). Under ordinary industrial conditions the output w ' the
half this, or say about, 12 million units. Clearly therei')or(a ‘;zlgl%lfy lilslse ﬂclg;
of coal. bu_t. also the load factor of the plant (i'.e., in non-technical language
the ratio of its actual to its possible output) is of immense importance. ng glrt
is assumed that the low amount of only 2 1bs. of Indiah coal will be ve uired
per unit, with modern plant of large size, the consumption would be 35 000
tons for 28 million and 10,700 tons for 12 million units. As the amount
ava_llaple to make the costs just balance oub between steam an er i
Rs. 3,50,000 it follows that with the larger output coal at Rs. 14 per ton would
absorh this amount, while with the smaller output the figure would be nearl
Rs. 33. I'rom this example (in which the figures are not meant to represe {
estimates) it will be inferred that as the load factor r ) Tirmt

: : ises towards the ideal limi
the adv antage of hydrp-elee{;mc power increases. Bearing in mintl %?16 ifglslt?
difference in the cost of fuel in different parts of India, due mainly to railway

Ireight, it will also be seen that the distance from fuel su

. ra l. i
material factor. With coal under Rs. 10 per ton it is doubtﬁ})lpifliialtserap:s’z
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: s A ¢ existed right on th
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would be necessary.”

!

A map* has been prepared in the Coal Controller’ |
roughly the cost of coal at certain places in India Whichearseoc%iceﬂtlg Sr];(i)ﬁvze?-r
this cost is the selling price at the pit’s mouth plus railway freight. Clea{l ;
at any distance from the railway the cost will be increased, and that heavil 4
by the cost of carriage by road. A point whick it is desirable to en .
here is that in certain circumstances water r
whether it be within reach of cheap fuel or h
whelre ét ist ﬁequirled fndot for existing industries
or electro-thermal industry. These, working almost continuous]

(4.e., witha load factor of 90 per cent. or more), ‘must go Where);:hgefiglélig:d‘
water power ; and when 50,000 horse-power or more is being developed a Ver)If)

;izgg.capltal expf:nditure on dams and other hydraulic works can readily be

ower { may be of immense value
undreds of miles from it; 7.e.
but for a nmew electro-chemical

17. Freight and transmission Qf power.—The ‘ -
o ana | o i — popular fallacy that «
power costs nothing * has been examined as regards the initial cos:‘tr; of the gﬁtﬁ

in the previous paragraph. The cost is generally further increased by that

of ’crf'mzmis%(_)‘[li1 1ine§; since water power is seldom situate
required. Kither the power must be carried to the indust AW -
material and finished products of the industry must be taken tf)yagfi ig'lcl)‘in 'It?lz

power. Both ways cost money. The following further pt fr i
in the Munitions Board’s * Industrial Handblcl)lotl,i s ool Trom the articlo

paragr%\E]ﬁ, exp’llaizls thlf matter more fully,
“ Where electro-chemical industries on a large scale are i estion it 1
essential that the price of the power shall be very low if f?heqlg?lﬁlofgcggrgg
pro@uct is to compete with that produced elsewhere. "The cost of power is of
%oqlse only one item’amongst many in determining the sale price of the
nished article, but it is a very important item—perhaps second only to the
freight - of the raw material to site and the Y Where

L ; finished product + 7
the conditions of the hydraulic development are -sucIt)l tha?t (?ox]ﬁ%il: Ilfgfx:on“olillerg

large scale is reasonably cheap ; where the locality i
. ; wh is such that the freight

;:;het hp__lgnt and materials thereto is low; and Wﬁ.):erefthe lendaéh olfl?:raf;iflll}stsi:]f '
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t(;)h an anna per unit including all charges. Indeed, if the cost is- much higher -
milslt It)bing;l thfe .plro%)osxtlon 1betcorlr)xes untenable. Obvicusly the 1mderta1§ing
mu a lairly large scale to be of any use. The larger the individi
units of plant are made the smaller becomes their pri ost por Eilowatt o
the higher their efficiency. The various el chemical e et Bni
able to these low costs as they are prastgcgfgo o stries a%0 Tayoir.

the whole plant to almost its utmost capacity throughout the ye

7 # Not received at the time of going toPrees. . - ’

d precisely where it is

ar. . o

e

d water poweris

_Between these limits proper estimating

1phasize -

» 1019,” quoted in the preceding -

continuous processes, ‘utilizing . -
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© «Tp considering the value of sites that may possibly meet these ideal

| -.conditi'ons 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.

Oases are known where the carriage of plant over 20 miles of mountain roads
cost more than .its freight from England to 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 chieap 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. 6 ,

« From small beginnings electrical 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. Even if these difficulties do not
exist, if the raw material of the industry is within the limits of transmission it
will probably prove cheaper to 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 be brought to the power house; or the
power to the factory; or a combination -of both methods may be the best.
Mountainous country has one great asset for transmission in that the ridges
form nature's own supports for the lines; with comparatively small towers
the valleys offer plenty of room for the dip of the wires on long spans. It also
follows that by reducing the number of points of support, by the use of long
spans, there are fewer points at which damage from lightning can occur. The
loss in transmission can he made almost as large or as small as the designer
chooses, according to the size of the wires used ; 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 almost as large or as small
as the designer chooses, but if they are made small it is by adding more copper

~wire, or larger wires, so that this reacts on the prime cost. The statement is

often made that a long transmission line only means a loss of about 10 or 15
per cent. of the power generated ; true, but it may increase the economic selling
price vastly more. It has been recorded (Electrical Times, 55, January 2nd 1919)
that the cost of transmission at Niagara, which extends to a distance of 250 _
miles, ranges from 22 to 86 per cent. of the total cost of the power delivered,
according to distance. These figures would be greatly improved on under
modern conditions, at any rate with pre-war prices, but they serve as an indi-
cation that water power does not * cost nothing.”

. 18.  Admissible - cost of hydro-electric Schemes—While it must never
be forgotten that gemeralities and averages in engineering problems are
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Plotting the valucs 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-
pet(;,f while at the other extreme water power will generally have the field to
itself,
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To bring home the fact that the examples given must not be relied on
exeept to establish a principle it may be pointed out that the extremely low coal
consumption assumed per electric horse-power hour is nowhere obtained in
India at present, and in very few places elsewhere ; it represents the best side of
the case for fuel. 1f an average consumption of 3 times the amount, or 4% 1bs.
per clectric horse-power per hour, he assumed it will still be better than most
Indian power stations can command. Load factors on these stations are mostly
of the order of 40 per cent. i the same process of caleulation be adopted for
these new values the result is to raise the permissible cost of hydraulic develop-
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i osts per ton the outlay may now be
ment considerably. On the 3 assumed costs per Lo e 51%: B8 and

. 62 s. 1,272 and Rs. 1,908 for a station :
B il 50 mile transmission: Rs. 440, Rs. 950 and s, 1,520,
with a 100 mile transmission. The curves can, if desn'ed,. be extended ) lf s ({}\
these new limits ; and the facts of any specific case will probably then he
within the area of the limits of each.



CHAPTER V.—CONTROL OF WATER POWER.

19. State control and assistance.~The British Water Power Committes
expresses a strong opinion in favour of State control of all water power, and
its argument must be given in full :

“The considerations already outlined would indicate that the conser-

vation and utilization of the water power resources of the Empire
is likely to De 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
shonld be encouraged, but under conditions which would prevent
the perpetual rights being lost to the commumity. In this connec-
tion it 1s 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 thereare Canal Acts which expressly lay down
that Government is entitled to use and control for public purposes
the water of all rivers and streams flowing in natural channels. In
the case of Australia, each State has enacted lengthy legislation in
relation to water conservation, 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 800 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 expiration
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 of such pur-
chase should not be unduly short or the terms too onerous. Tt wyill
be remembered that such legislation had the effect of severely handi-
capping the electric power and lighting industry in the early 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
clsewhere. Thus in Bombay it is recognized that the chain of great projects
extending down the Western Ghats, from the Andhra Valley to the Koyna

‘River, covers all likely power requirements for a long time to come. Here the -
coterprising firm of Messrs. Tata ean provide both the capital, the business .
organization and the engineering talent required. The help of Government
however is required in such matters as land acquisition and water rights,
transmission routes and so forth.

4 Llsewhere it is generally considered that more direct Government assistance
will be required. At present there is a vicious circle of industries that require
power and power looking for an assured outlet ; and neither side is inclined to
make a move unless certain of the co-operation of the other. An example
already exists of established water power going a-begging, within transmission
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reach of a considerable demand, and whatever the reasons may have .{)e?n tthaE
led to this impasse it has undoubtedly had a deterrent eflect on‘E similax eré }Cl,-
prise elsewhere. There may be cases where the carrying out o z}.pl’*OJlem ;’i‘t
Government may be advisable, if investigation proves that the mdneclu1 )‘eltle :
to the country of cheap power will counterbalance a comparatl-ve_ly‘ iﬁn t.le (1]111}
on the capital invested in the poweér scheme. Generally howev er the xertx is
rather in the direction of a Government guarantee of interest during cons 1}101
tion and of a minimum return thergafter, which would be recouped, in }suct:i)ess 11:
undertakings, by some form of sliding scale or profit sharing, ?rl )0‘ Lt 1;
certain provinces indeed it seems likely that the capital itself Vma% 1ave "(t)l )‘1
provided by Government as a loan, on similar terms to municipal Ear}s, with ¢
period of repayment equal to the probable economic life of the plant, i.e., nearer
20 than the customary 30 years ; but here again a guarantee of a ‘nnn}ntlu}'n
interest on the one hand and a share of the excess profits over a mode}mtfe re 1‘1\1{1
on the other hand may he essential if the dependant industries are to be foster f{_
The principles of Government aid which have been set down} sl’lould, 1}t1.15 0211;;[1‘
dered, only apply to the development of water power.. () ¥ a pub ;(i 11qu ¥
company or (b) for the purpose of an industry in which Goy 01‘11]{11?{ 11 t:)
particulﬁr interest or (¢) for an industry which it is particularly (.65;1 ed Lo
foster. A company developing power for its own factories, not coming under
heads () or (¢), would not usually require help. o e
The further question of indirect encouragement to power 0011(;(311]5 1,_(;—
ouarantee to take the products of the industries using the power, 031 t 1.6 ]an? tol“:
of that given to the Tata Iron and Steel Co., has also been suggested ) ‘)51 - 1!m
is beyond the scope of the present report. Direct Governmel‘lt con 11? % of a
power scheme, once established, beyond that required for the purposes 0 xiant(ie_:
is generally deprecated. Attention was called on more than one occasion to the

fact that Government is apt to he unwilling to scrap antiquated plant, although

. . . Lk L lies £0 o con-
by so doing ultimate economy would result. This criticism also applies to a ¢

siderable extent to British firms, especially as compared with American PI‘R‘CU.CG.
In Madras certain flourishing industries were .startesl’ as demonshatulg),n.
plants by Government and then handed over to companies as “ going (lloll'merﬁ‘t ;
the reverse of the ordinary plan that renders a privately startedl 1)-111) mt]l; l-'1t§
undertaking Hable ta eventual purchase by'Governm.ent (31' 9(11 0013 ?u 011 1&;
Each plan has its good points. The suggestion that pioneer hy ro-electric gp ants
should be laid down by Government in favourable localities was :Engc.) eftﬂon
several occasions. As a matter of fact most of the existing plants in India uvetz
been highly successful, and further demonstration seems hardly necgasa; 1\ extfg‘
perhaps in localities far removed from the present 3n5ta1}atlolllls. o tn : th: ﬁL 111;1
hand, the risk of loss is small and the indirect gain in a well thoug out :Ct Cl‘r%
is certain. It comes to this.then, that, t_vhetl}er by means of p}({ngfﬂ 1}11_5 ? fdr
tions or by guarantees to private companies, direct Government}-[al((: : }bf qE\ ff egr
practically everywhere except in t-he_“ estern Ghats. The late duet 1 nénz :
of this Slfrvey was himself strongly in favqur of botlh courses, 31]11 g _1e 1?11 ef‘gq
writer agrees with him. It may be mentioned here that the ﬁ\a( ig-_ 08?) ric
Power Comnmission of On’cariol prop_osslsl t%) expend no less than £2,597, on
‘ -er stations at various places in the Province. _ o
. P(Xselresg;fglt'zlos (‘qovernmentpassistance in the preliminary 111}'qst1gat(119n, ?11111(%
even in the detailed survey of sites there is no difference of op{nvma. Tow f}c
extent this is necessary or will be given remains to be settled by ‘(1)\ er ITDI]'QA':
but any help of this sort will certainly be welcomed. The cost of the _1)11 er ;]1)1;;
‘pary investigation of a site that may prove worthless 1s W—%l{l ?01%;11(8 {dﬂic:
Acain, as regards roads, railways and communications geneﬁg (\1 ) 1e)pd b
n';turally looks to Government for help. Before any site can ; evtle (’31 e '
ower it is necessary to be able to convey plant and material there, lz;n( he cos
of making a long mountain road might easily wreck a promising sdc em?l"ff ot
The Water Power Resources Committee of the Board of Trac e (a ; i 'exl e1t1
body to the Committee of the Conjoint Board of Sclentlﬁe‘_So‘me.tle: rlg“el 13(. 1lo
elsewhere) in tbeir Preliminary Report make the follow ing remarks which,
mutatis mutandis, ave to a great extent a‘_pl_)hcal.)lerm Indlq : . ot
« From a broad review of the position, it “is abundantly clear to the
Committee that, in the development of the water power resources
' I3
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of the United Kingdom, certain fundamental principles must be
observed. Tor instance :—

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

(3) 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. ’

Neglect to give consideration to some of these requirements
has been responsible in the past for failure in the promo-
tion of some water power schemes.

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

It is important to remember, however, that in the case of
large water powers considerably in excess of local require-
ments, it would not, in general, he 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 ufilized by an industry requiring
practically a continuous supply throughout the year.

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

(a) The costly, protracted, and inefficient system of obtaining
the necessary authority by means of a Private Bill.

(0) 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 difficultios
experienced in the past would disappear and preliminary

___waste of capital be obviated.

_ With regard to the question of multiplicity of interests, there
~1s no doubt whatever that the powers now vested in
numerous Departments, Boards and other bodies 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 expeditious procedure for adjust-
ing the claims of the several interests is vital.”

20. Charges for water power.—~The Government in India already has the
control referred to in the extracts in the preceding paragraph, and various
leases for the use of water power have at one time or another been granted.
Some of these have lapsed, and in most instances there have been considerable
discussions as to the rates which should be charged. In at least one instance
a rate was initially suggested which would have heen comparable to the total
cost of fuel for working the undertaking by means of steam. Such a sugges-
tion would be based on a false analogy with irrigatior. works, where the water
1s actually consumed, whereas for water power purposes it merely passes
through the tuz’l)inqs 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

* 1t may remove misunderstanding to point out that in the case of irrigation canals the charge mide to

h hllltl ator 15 bflS(‘ not ) < [
t g v 1 Onl on t}.e imount Of “Qt(.’l uSCd but >11111:1111y on thC‘ Clop
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will produce under 1,000 feet head one hundred times as
Any charge based on the borse-power
developed or the number of units generated must therefore he ;11(')3103}(.3 ogttliz
suggested that as a general principle the charge for thel 111?1{19]11 mI ¥ Qedb oftne
water should be & nominal one, and that the revenue s 1c?u ¢ t )(‘:. )as a on the
principle of profit-sharing between the Sgate and the pr )Czl‘ll(? 011, 51, 51 ggestion
supported by the British Water Power Committec In t_hu} Lo.nf el -mlﬁnst‘u;ccc ,
(p- 8 supra).. Exceptions may however possibly arise in Sl)()i:lﬂ Cn‘(‘éructetd .
Thus, where power is generatec} from water running in ialm sWCOI}sﬂ-S o
irrigation purposes, not onl}r is the power concern 1‘1 1v1/‘t1n‘:J A O)q;se& d(;\\';l
partly construeted but also it may happen that at .tlqu‘)b. wa 21 tllf ps el dow
when not required for the land. In the general interests 0 : ‘ letfcqnif muél;
which benefits by cheap power as well as by irrigation, it 35 doub “u 1L mueh
more should be charged in this case, and it should in any f»ca'selC P! ocey/§L rom
the profits of the undertaking and nof from the sale 'f‘h water. Lo el
stronger case however is that of reservoir projects. There may - ! Lth
Custances where the cost of a new reservoir would only be justified for he
1C%Lmbined purposes of power and irrigation ; an(} in k‘fhiscj* c%rc'lt}lqnstasrilgish:hf:
capital cost would naturally be 1)1-01)01't10ned hetween t ¢ two t“ or (\;f o m;de}_,
if ‘an existing reservoir is used for power purposes the }n om’(.)ﬂers ¢ w’hich et
taking have the use of works, constructed at great co.a’c,l W '10 1ouf which theiv
project could not materialize. A somewhat Illgl;e‘l ¢ 1a1 aﬂe W Ot'lit then Do
justviﬁable, even in the fol-m.of a .cl.lnge fpr thg “‘&FL‘l, sfllnctc: 11e utility 5
reservoir for its prime func‘mpn of p-mgatu‘)n might-be a flc ({( - e aftor.
Tn California a fee is paid on application fo‘r water and also e; ery §,eLf a ter.
wards. Mr. Barlow recorded his opinion that “ The latter char Of] 1st u% a)len(qli-
tends to retard the development of water projects i\o.r tl‘le r;%sog. ‘tleziesils Iof Lz‘]ze
zes new projects, as old acquired rights pay notumg.ﬁ 1e zfn, ,/(se L e
State would e better served by the development du‘e to the ngr]ca‘/e-lltler ]
theaw by the collection of small sums annually for the use of the water.

» existing r 1 sanction of
o1. Leases and agreements.—Undel emshpg 1(%gula’t10ns,c ;[?:i}o 1;11 1
the Secretary of State is necessary for the granting of any concess

(«) If the concession is intended to endure for more than 10 years anc’%
* " is not accompanied by an unconditional power of 1‘6\00{1}1}0@1_?1_
cancellation and imposes on the revenues of India an annual liability

in excess of Rs. 80,000 ; or o .
(0) Imposes on such revenues, expenditure or liahility to damages in
excess of Rs. 12,00,000 ; or
(¢) Involves the cession of property or rights estimated in value at more
than Rs. 12,00,000 ;
a he sanction of the Indian Government is necessary— o
rm((ii)t I; the period fin clause (¢) exceeds five years and the liability
Rs. 5,000 v
(%) 1f the sum in clauses (9) and (c) exceeds Rs. 109,000 -
Below these amounts the local Government can sanction the concession.

A certain number of actual or draft agreements for the use of water

r g ‘hich a lease should tale
er been collected, but the legal form whic tak
e : Preliminary Report, as 1t 1s

idered 1 il in this
cannot be considered in detai his . v Report it s
h(iO'hly complex and requires more information than 1is at pxesc}i’c
av%ilable. To delay publication for this would be a mistake, E}S the lecfmmtl'lbl
sance of new sites and the survey of known ones is at present far more lebsven) 1:}C
than the consideration of the manner of their subsequent entlp (i):)‘ l:l[lL(Illi;
Certain general principles have been laid down Dy the Government of In Ll
q;‘din?r the erant of concessions which involve monopolies of production agc
read C 817 S ; i ! g 16).
sutf)plv (aommerce and Trade. Resolution 1456-216 A ojf 10tl)1 A\pul %12%111
Water power and electricity however do not appear to hau{ bfltll ;Pecelht; g
i i i ot solution appeared rather to relt
considered in this connection, as "the Resolution appe: ¢ )
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material things. Thus, while the claims of competing applicants must clearly
he carefully weighed, a water power concession for a short period (* strictly
limited period *’is the phrase actually used) would bhe valueless. A. period of
90 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 be made for a concession ordinarily, except
perhaps a recovery of the cost of any survey work nndertaken 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,
1t is considered, have precedence over an application from a purely industrial
concern, partly hecause the latter can always obtain its power from a company,
even though it may have to pay a slightly enhanced rate for it. Furthermore
2 company which is to serve the general public should be of greater value to
the State than one which is serving ifs own interests oniy. ‘Where the claims
of two applicants who wish to float a publie company have t6 be decided bet-
ween, the concession will ordinarily be given to the one who obtains a license
under the Indian Electricity Act {rom the Local Government concerned. The
granting of this rests entirely with the Local Government, but it may be
emphasized that it should be allotted to the applicant who is prepared to
offer the best terms fo the yeneral public, rather than preferential terms to the
Government. The latter invariably react on the private consumer. The
same condition should, jt is considered, also govern the grant of concessions for
the use of water power. The claims of two competitors who both wish to
develop water power for a purely industrial purpose should be settled, if
possible, in the same way according to the conditions and rates under which
they propose to sell their products to the public.

The conditions under which a concession for the use of water power should
be granted to a public utility company should, it is considered, vary from those
made for a company concerned with a particular industry, The works of the
former can always in the last resort be taken over by alocal authority or the
Local Government under the provisions of the Indian Electricity Act, and can
he continued in use and developed for the use of the public in" the case of
mismanagement or the insolvency of the concessionnaire. The deposit of a
sceurity, when once the works are in operation, does mnot therefore appear
necessary in the case of a licensed company ; nor are any special provisions
required for the removal of .the works on the expiry or determination of the
lease. In the case however of a concession for a purely industrial purpose,
seeing that Government must he 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 interferc with theuse of the power by other persons on the final
expiry of the lease or in case of its determination for hreash of the conditions
imposed. Here it would seem desirable that Government should hold a
substantial deposit to enable it to enforce the carrying out of any such orders,

in case other applicants might be prepared to develop the site in a different
wayv, ' .

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

(@) 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
as power is retained to cancel the lease if work has not been begun
and completed within a reasonable time. In order to prevent dog-
in-the-manger inaction, a substantial deposit should probably he
required, on which interest would be paid.  This deposit should be
liable to be forfeited if work is not put in hand and carried through

within a reasonable time, especially if any other applicant is in
the field. '

{0) The site may be ruined by partial development. In the case of
every public utility company it should be a condition that the
initial works shall be so carried out that eventually the full possibi-
lities of the site can be utilized if there is a demand for more power.
If this condition would render the initial development too costly
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1 o T t effective position
ines 1 ted matter. The most :
turbines 1s @ B ot that a possible future canal

i i be such :
: ver station micht be sue a fu !
gﬁlpglylr) O\:'ould be jeoparaized. In such cz;;es thet c?nﬂfrtlmimilgrlily
irrication should be threshed out by ¢
of porwer an In e ; rer itself rather than by a
intI:erested, in both i.e., by the Government

Department. e
d I’ow%er should ba taken in any }ea;e granted l"co det%ii]ilggt uze
@ 3 should the lesses sbtop using or not make su f’ e

bz;mt%e water power, provided that there are othet applicants

0 3

its use.

slic utility compa-
The position as regards paymants to Governmen?t by public utility P
i 21 up in two propositions.

s may be summad up in ! ) ‘ 1 o the
o ];iz?;t —A company-which is brought into e?btﬁnc%d ﬁ)& lt;lolebtﬁ'(zloe }pd By
R i blic service, and shou K e

i ealy doing a pu _ . hould nob b N
Publ'lcl é;xg} lgn i)és consﬁruetion or working which will inevitably be p
special taxes. b
0 the consumer. . . v fasilit
K Secondly.—Such a public utility company should: be 1g1{z’enoscisbi<; g of 1o g
t ﬁo'his its early struggles, and only when it has “gél‘e\ eﬁd Z;h p:[l)l it dus
y ity should Governmant step in to Shf“ie the pro 51 > & ©
D s s prospects of a cheaper supply.
Wl t consumer’s prospe er su e
Tega 0 he de imlgle in the interests 'of British Trade that Butllah ‘;S:-anl:;rcllj
. Fer B51Y¢ o Ay ] o strie work
.Iif ISI-Z, eagd frequency should be a:lopted.m all fubure hyg}a ()ene;f a{l kmse;
o ({ntehasu uggestion 1s p‘ut forward that this should be a condition ¢
& sug! 7 Lo o
Zid aoreerrfezilts for the development of w ﬂti.ﬂ. power. e Stondards Com.
1071 e Standard Frequency of the Br{_txsh .Englneel;:lo nd:;r axds Com-
i E 50 periods per second, with 23 periods as atsuco 'drky standard fo
'mlttga 2plescial cases such as electric traction. For the latter w
nmee ;
frequencies have sometimes. been used.

The Standard Pressures of the Committee are as follows:—

Standard lowpressures (continuous and a\lfternating) —
| 5, 230, 460, 525V ; <
"\ at the generator, 115, 230, 460, - o N
(l‘)‘ ) t sumer’s t;rminals, 110, 220, 440, 500 V. Subsxduuy‘ sta"n-df}zil)
(i) 4 c:;)-n ‘hase circuits, 380 V between the prineipal (l:onductms, gviIng
3}20 %7 between any one conductor and the neutral.

Standard high pressures (alternating) at generator terminals :
(i44) 2,200, 3,300, 6,600, 11,000 V.
Standard primary pressures for.

i inals :—
-measured at primary termina
- (iv) 2,000, 3,000, 6,000, 10,000 V.

alternating -current transformers



CONTROL OF WATER POWER, [Crar, V'
Standard |

secondary pressun or
measured e Wl

alternating
at the secondary terminals :— -

current transformers

(v) 115, 230, 160, 525 V at no load.
(vi) Stendard continnops
motor, 500 V.

Althoug
30,000 volts

current pressure for tramways, measured at

b the Committee did not

g0 bevond 1 v
and upwards are trans) ot e

: : nd yressures of 15
used for transmission of pox’ ! oF 15,000,

yer.

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 gaungings of the flow of the streams in each case. It might indeed
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 bhe worth a
potential 7 million horse-power if a 500 foot fall could be obtained ; no doubt a
succession of falls amounting 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 Iong dry season intervening. During the
rains, except in the few places where the whole rainfall of a small catchment
area can he stored at a high elevation, the vast volume of water flowing down
to the great rivers must mostly remain unused. Tor example, there is an area
in the Khasia and Jaintia hills, already referred to, of some 1,200 or more
square miles aréa, 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. In 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.

28. Water power at present developed.—Table 2 shows the principle
details germane to this Report of the water powers already developed for elec-
trical purposes in India and the adjacent countries, except for a few small
plants of which no particulars are available. These embrace high, medium
and low falls ; works dependant entirely or partly on main storage lakes, or
with merely supplementary regulating storage, or with none at all ; with and
without open channels or special canals; with pipe lines or without pipes in
the case of canals. The total plant installed (which includes spare plant)
amounts to 111,860 electric horse power (83,000 k.W.) and the cost of installation
(as far asit 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



34 THE WATER POTWER RESOURCES OF INDIA. [Crar. VI.
Table 2.—Existing hydro-
{
Bengal. / Bombay. Burma. Kashmir.
- : ! B— B .
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-
! 1 Co. Mine. | lation.{ Ilation.
- |
Location 3 miles '3 miles | Gokak, W.| Western ' Mogok Near Jammu, | Mohora
from town. from Ghats. Ghats. Tavoy.| Tawi.
i Bhor.
Source of water Ll | Lake Monsoon | Jaynee and| Sin Yat Ranbir Rapids
i streams, | Whiting. rain, ! Jaybu Chaung.| canal. | in Jhe-
tributary | stored. | streams. lum
of Run-i ; River,
. geet. i |
Minimem perennial flow of - 10 ! 150 1 PY 1 30 Al 500 4,000
source  (cubie  feet per. ; o i
second, i
(Main AVl 5312 | 05884 Nl s2| Al il
! Millions |
cubie feet . | f
Storage 4 l |
Regulating : 1o { 13 | Nl nr il Small
(ITours F. 1. ! :
L supply. ‘ | 5
5
Gross head (feet R15 1 46 to 101 1,725 205 2,180 26 395
650 |
| i
Length of open channel or 2-0 I Z 46 N Nl 2l 6%
canal (Miles). I !
Capacity of special channel Small | \ 450 560
(Cusees:. ‘ ; '
Length of pipe line (feet, 720 | 13,000 2,250 | 15,320 Nil 750
1,450 ; b
(Installed G 500 0 2,100 | 67,000 560 500 910 | 5,360
boofe hopd ? '
Capacity of  Torfull 600 3000 | 67,000 5060 750 1,340 | 20,000
Plant. develop- ; .
ment i
L e hopt
Cost of hydraulic develop- +20 400 ! 495 1,560 317 565
ment, power house and
phnt, excluding  trans- i
mission and bevond. |
(Rs. per KWW, uof e i p.) i
Remarks . Two plants | Turther Sez  plan ;
- in series, | storage’ and plate.!
hydrauli- |  contem- -
cally,up-{ plated
per tail| with a
race led | new dam;
to lower | 24,000
reservoir,| m, e. ft.
See plan
and Plate.
|

reduced by

silting.

Crar. VL] THE WATER POWER RESOURCES OF INDIA. 35
electric plants in India.
North-West "
Maduas, Mysave. Frontier Patiala. P unjab, Fravan- United Provinces,
Province: core. ’

Government C:_l:wery Malakhand| Patiala Anwritsar | New Eger- | Simla Pulivas- | Ganges | Mus-
(iordde {0\\‘011 canal. . 1. E. I K. ton ‘V”Ol_f Muniei- sal Head- | soorie-
Factory. Scheme. Scheme, Works, len Mills.i - pality. I, 12, works | Dehra

’ _ Scheme.|  Supply.f Scheme,

Ka‘rf‘eri, Nil- | Sivasamu- Malakand | Nidampur | Near Awe- | Dhariwal C]mbﬁ on { Munnar.| Baha- 3 miles

giris. dram. ritsar. Sutlej dara- | from
’ 1 River, Lad. town,
’ |
Two  Hill | Cauvery Canal Ghagar Trall in | Upper ' Nauti Two Hill
Streams. Falls. divefsion.| Branch, Bari Bari Khad falls in| streams.
Sirhind Doaly Doab stream. Ganges
eanal, canal, canal. canal,
31100 without 550 1 1,050 for 200 19 5,000 81
storage ; 210 days. )
8§30  at -
present.
Two lakes 9 500 Nii N Nl Nl ' Ni NG
and 12, N
Nl Nil Nil Nt ANl 4 NiL i
650 | 410 to 426 8 6to 97 11 340 00 19 1,800
N 17,000 02 | Shortdiver- Nil R Short Nel
sion, diver-
. . N .\'i‘:)ll.
N 1,600 550 2,800 . 32 600
| 2,130 950 to'1,100 RYY/ Nl Nl 1,500 N 4,950
1,350 22,650 330 285 270 300 1,680 530 i 2,400
1,350 32,000 430 - 700 2,000 .- 3,000 2,400
368 550 630 900 630 T10 300 240
N

Upper and | K rishna- | See Table | Reserve Used for | Water lixtensions
lower lakes rajasagara 2 also. steam subsoil imsufli- in pro-

connected Reservoir plant; pumping | eient Qress,
byy pipe | now partly full for nmi-| often; See plan
1,380 ft.| available supply gation, stand by | and plate.

_ I(‘mg. ' for power. for 260 plant ins-

Capacity of days a talled.

lower lake -t year. '
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Table 3.—Limits of cost of existing hydro-electric plants in India.

Per e.hip. installed, i Per LW, installed.
l
|

! Re. [ C@ Vs 44, Rs. | £@1s. 4.
i \
Maximum . . . 5 1,170 7S 1,560 104
- |
Minimum . . . . . e [ 179 12 i 210 16
S S |
Mean of ingtallations . . . c 674 15 £ Q00 60
e N S { R S
True mean, i.e., total outlay divided Dy 330 a3 I 468 313
power installed (approximate). i
i
}

Taking Indian exchange at the normal pre-war figure of Rs. 15 to £1
sterling these!figures may be compaved with those quoted in the Introduction to
this Report.  The present exchange position is favourable for the import of
plant from the United Kingdom, hut is more than halanced by the high level
of prices there; so far as expenditure in India is concerned there has also been a
great rise in the cost of materials since 1914 while labour shows an upward
tendency. . -

24 Siles for waler power in process of development.—~The only hydro-

clectric schemes on which actual construction work-is going on are that of the
Andhra Valley Power Supply Co., Ld., Messrs. Burn and  Cos Lagyap
project in Sikkim, and that of the Burma Mines, T.d., at the Mansan Valls,
Tpper Shan States,  Particulars of these are given in Table 4.

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

Andhra Valley Sikkim ; e Mines
Undertuking. Vower Supply | Burn and Ce’s Lum]mdllm,“
‘o, pruoject. o
Location . . . Western| Lagyap-la, Northern
Ghats, Tast of | Shan States.
Gangtok,
Sourece of water . . Monsvon rain | Lake fed by | Mansan Falls.
stored | snows,
| lakes.
- |
Minimum perenuial flow |, | e. [t per sec. e N 134
Storage, main . . .} Millions . ft. 12,000 Nit
»»  regulating . . | Hours full load — N
{ supply.
‘ K
Gross head " Fect . . . 1,743 . 270
! =
! T k2
Length of open channel or | Miles . . Noyne 5 %
canal. e
Capacity of same . o | Cusces . . — "-:,: 254
Liength of pipe line . .| Feet . . 4,700 - 096
. . i Z
Plant being installed . .le huop. 68,000 9,750
Ultimate capacity of site 5 . . 90,000 13,400
Total cost of hydraulic — Rs. 260 at
development, power hiouse 1s. 4d.
and plant up to terminals
of transmission line per
electric horse power.

25. Sites for water power examined but nol so fur developed.—Table 5
contains a list of known sites for hydro-electric works which have been exa-
mined or investigated (in greater or less detail) but have not so far materialized,
It is quite possible that there may be omissions in the table, as it does not by
any means follow that firms or prospectors discovering likely spots will publish
their results to the world ; on the contrary, they will be more likely to say
nothing about them. This was the case with a perennial waterfall near Heho
(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 horse 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 tableas it is certain that
large assumptions have in some cases heen made on the strength of insufficient
data, e.g., reservoir sites not geologically reported on, or discharges based on
one set of observations taken perhaps long before the driest period or in o year
following a web ycar. Nevertheless, as the possibilities of a site are perhaps
as often under-as over-cstimated the total power is probably not far wrong.
Further investigation of the more promising sites, especially as to the discharges
and storage possibilities, is essential.

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

Damclivra

Near Dilrugarh

Shillony .

Buluchistin,
Fort Sandeman .
Beirgal.

Darjeciing 1.

1T,

IIr .
o Iv .
£ -\r
» VI.

Kuamani, Daars

Bihar and Orissa,
Mayurbbany

Domnbay.

Koyna Valley Project ,
A A J

Nila Mula Projeet
Poma

Burma.

Hehio (Yawnghwe)

Cuchin,

Cocbin .

Central Provinees.
Balaghat . .
E * 4
Chatisgarli .

“Silewani Ghat

Tnvesticated

or
ciamined by

Assam-Bengal
way.,

Not known
l
. W. D.

Caplain Darling

G. P

tobertson

A, Stonchridge .

J. W, Meares
C. . Duuglas and
Powon,

Messrs., Tata
T. Arnall,

and A

Messrs. Tata and 1.
P, Gibbs,

Mr. Visvesnaraya

Mr. Alesander; and
Messra, Barlow and
Meares.

AMlr. G, & Forbes R

[ETN

My E. Batehelor .

.

-

U Kra, U Shivpi.

Siliaza Nullah .

and

Prengsa Jhora
Little Rungect.

Raman and  Little
Rungeet River.

Kahil  and™ Little
Rungeet River,

Lodhoma River
Balason River .

Teesta River

Jaldaka River .

Barabalong River

Storage in Western
Glats.
Storage in Western

Ghats.
Nira Canal .

Heho River .

Chalkudi River

.
Nahara River . .

Uskal River . .

JIndrawati River .

Reservoirs . .

Minimum
per-
ennial
flow.
Souren of water. e
4 Cusees.
Rail- | Jatinga Wiver . 4

10,000

140

Small ,

60

7007

STORAGE SITES

AVAILABLE Value
: Gross for
] head, | continuous
' REsvn- power.
Marx. [ ATING.
o REMARKS.
Hours
Million r L.
cnbic supply Feet. e.h. p.
fect, . :or eubic
. {eet.
3,000 200 7,000 —
26,000
06 Ho0 200
YA % to 4 110 70
Swall . 510 1,200
) 2,200
0. 1,400
" . 4,600
w | 2,200
YA Nil. 26,000
Minimum
. ? | -£1,000 13,000
but in tea
season fay
more.
2,200 1100 nu. c. 950 10,000
ft. - .
120,000 | .., 1,600 | 300,000
18,000 1,700 75,000 { About to be deve-
B loped.
Nil. Nil. 81 2,300
Verylavge,f ... 670 4,000 | According to
but’ on to storage.
agricul- 10,000
tural
land.
1,000 877 25,000
Large . P 500 9,000 ¢
» . Pl 1,000 | 000 ?
3 80 | 5,000 P
Large . ? 8U0 | Large if |-
: feasible.

-
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| Table 5.— Sites examined but not developed—concld.
STORAGE SITES
Minimum AVAILABLE. Value
per- Gross for
cunial head, continnous
. - OWCer.
. Auigate ' ol -
Location or Project. nvmoll{za Source of water. L I BraARKS.
examined by ‘ B
Hours
Dillion F. L. )
Cusces. cubic supply Fect. e. hop.
feet. or cubic .
= fcet.
Iashmir.
Kashmir, Riazi . "o | Kashmir Durbar Chemab . . 30,000
Madras.
Hogenkal Falls P.wW. D Cauvery River. 550 | Large 46 to 85 tQ,T)CN)
' - 0
3,500
Kundal R. Schcmé . and H. P. ! Kundah , . 20 1,600 | Fair 3,000 20,000 | Yery promising.
Gibbs.
Mekadatu rapids G. 8. Forbes eauvery 550 175 8,500
Ootacamund . . |H.P. Gibbs . Shola  water  fall, 1 05 | .. 1,002 100
Sandy nulla.
. . | Pykara River . 10 | Site, <but 000 1,000 | Involves  tunnel
” ’ ” no  de- to thl‘Ollgh water-
tails. 3,000 shed.
Periyar Lake .| A, H. Garratt and j Periyar Lake ver Vast vee 1,000 54,000 Ncgoti_atione
P. W. D. proceeding.
Runnfmede (Nilgiri { J. W. Meares . . | Ceonoor and Karteri 12 60 (or | 65,000 1,020 2,500 Es)t. cost  about
Hills). Avers. more). {or (or more)] Rs. 340 per
more). e.h. p. (or Rs.
450 per kw.)
Siruvani Project P. W. D. and R. H. | Siruvani tiver, B ) 280 to 1,200 5,000 { Site  for dam
Martin, Nilgiris. 450 reported un-
favourable.
N.-W. Froaticr
Province. :
Malakhand Tunnel Capt. (now Lt.-Col) | Upper Swat River| 1,000 o 330 20,000 s
: Battye, R. E. Canal. or more.
Punjab. i
Bhakra Dam . « 1 F. Milne . « | Sutlej River 2,700 | Not to be 330 81,000
utilized.
-
Madhupore . «{ Punjab Power | Upper  Bari  Doab | 1,300 il - 149}0 16,000
Association and F.| Canal. 200 | or more.
- Milne.
Rasul . . Capt. (now Lt.Col) | Lower Jhelum Canal 4,500 Nil. Nl 81 33,000
Battye, I. E.
Simla % b F.Milpe. . .| Nauti Khad estension. 8 20 1,600 6,700 Pifpet line 5,000
A cet.
United Provinces. | -
Lackwar Bridge, | U. P, Power Associa- | Jumna River . )
Mussoorie-Chakrata | tion. 1,000 Pl 130 or 12,000
Road. more or more.
with
dam.
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26, Possible siles for waler power requiring reconnuissance.-—Reference
bas been made above to the inquiry made for possible power sites in 1903, at
which time it is clear from the returns sent in that the conditions that make a
“ good site ” were very little understoed, even by engineers of the Public Works
Department.  The enquiry was begun afvesh under My, Barlow’s direction in
November 1918 and was continued up to the date when this Report went to the
Press. In every part of India and Burma sites new and old were discussed
and an endeavour was made to obtain information on salient points. The results
of this preliminary enquiry cannot well be pub in tabular form, as there would
be too many blanks to the prizes. It will be preferable merely to give such
information as has been collected in the form of notes on rivers, arranged by
Provinees and, in cach Province, in alphabetical order as far as may be.
The sites -given in Table & ave mostly repeated, as further information is
desirable although more may even now be known than could be put in a
tabular statement.  The fact that more possible sites are listed in Burma
than clsewhere is due to the fact, explained above, that . during the first
season’s tour that Provinee received more enyuiry and attention than all the
others combined ; the Central Provinees is a good second, but many of the
sites there are sure to prove useless. T4 must be emphasized that all sites of
which practically wothing is known, as well as all which have previously been
recorded, are enleved in lhe lisls. Until lhey have been examined il is
impossible lo say which are worthless and which are worth further survey. By
wmaking the list as complete as possible the worthless ones can, it is hoped, be
climinated once for all after the next season’s work. '

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

dssam.—The whole arca of the Khasia and Jaintia hills offers great
possibilities 5 other hill distriets such as the Garo hills are less civilised and
are little known or mapped, but may bave favourable sites for eventual
development. The road to Shillong runs through demse jungle where the
hills and valleys rise and fall very rapidly. Reservoir sites in the lower
parts scem unlikely ; the slopes of the rivers and their discharges appear too
small for any considerable developments of power. Detailed reconnaissance
may however disclose reservoir sites ; but the jungle is almost impenetrable,
except for an elephant. 'The upper parts can be prospected on foot and appear
more hopeful, e.g., the Umian River near Barapani, but there is little infor-
mation available, The proposed Pandu-Shillong railway can probably be
supplied with power for working when sites have been further examined.

Dischiarges are being taken where possible, e.g., on the Um Rai River, ncar the
“Toad. A site near Saitwait village, on Kersh’s (¥) old road trace, 15 miles below
Lynkerdem on the Thanjinath Platcau was also mentioned as worth examin-
ation for the Pandu Railway. This has not yet been identified on the map.

The upper plateau between Shillong and Cherrapungi is a rocky country
interseeted by numerous deep nalas, and narrow valleys, the tributaries of the
Shella River (q. v.,) carrying off the drainage, with very quick slopes; no
storage of large amount appears possible without dams of great height, while
carthquakes render these unsuitable, efeept possibly in reinforced concrete.
This is the region where the rainfall averages 400 inches over a strip of
country about 15°by 10 miles. Lransport from the plains below Cherra would
be difficult as it is all flooded in the rains, though country hoats come to the
foot of the hills. There is good limestone and coal of good calorific valuc hub
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 near the road at mile 30 and on the Um

Pynjngithulli near Uwmsohphi Village. The former is moderately flat,

with rice ficlds 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.  Asregards the Pynjngithulli there is one place much
better than clsewhere about half way up the nala above the falls, where the
valley is wider and has a less rapid slope. Modern 1 inch contoured maps
arc available to the cast of longitude 91, and cxamination of these may dis-
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close further possible reservoir sites ; hut time has not allowed this to e done
as yet. There are scores of waterfalls marked on the map, hut they ave mostly
dry the day after rain has ceased to fall.  December and January are ordinarily
the only really dry months ; November and February -average about 2 or 3-
inches.

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

A list of possible streams and sites for reconnaissance will be found in
Appendix V.

Bengal and neighliouring States—DBengal 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 fhe financial suecess of sueh under-
takings. At various times in the past proposals have been made for supplying
power to the great industries on the banks of the Tooghly ; cither by trans-
mission of power from large stations in the Raniganj coal fields, 100 miles off,
or again from the Burabalong River in Mayurbhanj State, Orissa, (q. v.) an
even greater distance. The ITooghly River Power Co. was formed for the
first of these projects, and a license was granted, but it fell through. The cities
of Calcutta and ITowrah obtain their supply from the Calcutta Electrie Supply
Corporation (sce Table 2) but hitherto little progress has been made towards
supplying the local mills from the power house at Cossipore. The fact no
doubt is that, with modern steam engines and hoilers, most large factories can
obtain their power cheaper by having their own plant ; where the plant is old
or out of date it may he prefevable to purchase power rather than to lay down
capital for a new drive, especially as hitherto the cost of purchased power has
steadily declined. '

In the eoal fields area also there have ab various times haen proposals for
central generating stations at the pit’s mouth, for use in the eollieries. A
beginning has now bheen made in this direction, but the tendency to instal
vival plants is strong and cannot make for cconomy. Reeently o considerable
part of the “Bengal” coal fields has been transferred to the new Province of
Bihar and Orissa.

There arc endless possibilities of avater power in the Iimalayan 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 subjeet to great 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 be found in Appendix VI. ‘

DBihar and Orissa and neighlouring Stales—The possibilities of water
power, especially from storage, appear to be considerable in this Province,
though as yet there has been little time fo 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 souree, and in the absence of “White Coal” there
is a paucity of perennial streams. The Palaman and Iazaribagh hills ; the
Ranchi Distriet ; the Mayurbhanj State ; and the intervening uplands have
produced many suggested sites for reconnaissance as will be scen by the
list. A skeleton map of the Province has heen prepared in the Chicf 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, both
positive and negative. A list of sites in Bihar and Orissa will be found in
Appendix VIIL :

Bombay.—~There are probably endless sites in the Western Ghats, of
which the best have already heen examined by  Messrs. Tata’s engincers. The
rainfall -is heavy, especially at the scarp of the Ghats, where it locally reaches
200 and even 250 inches; but nearly all concentrated between*June and
September.  Storage is therefore an essential of practically every project in
this arca ; the levels are prima facie favourable ; the fall is” generally of the
order of 1,000 to 1,800 feet, 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 be located. This is a large
cotton growing area. The cost of existing reservoirs in the provinee varies
from Rs. 212 (Gokak) to Rs. 570 (Chankapur) per, million cubic feet. Sind
is unlikely to have any power.

An excellent layered map showing the sites of cxisting and projected
irrigation and power works has been prepared under the orders of the Chief
Engineer, Public Works Department, on a scale of S inches to the mile. A
list of sites will be found in Appendix VIIT.

Burina, wilth the Shan States and neighbouring terrifories.—The whole
of this Province especially the Shan States, is well furnished with great
possibilities of water power except in the comparatively small dry zone. The
great rivers for the most part rise very slowly in elevation, but their numerous
tributaries, and the feeder streams of these, rise in the hills and often present
good falls. There is also more perennial water than is generally found in the
peninsula, though there is no “ White coal” except in the upper catchments
of the Irrawaddy and the Salween. Generally speaking there appears little
prospect of reservoir storage, as the limestone which forms 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 large springs elsewhere is consequently also
common. The minctal resources of the Provinece are being developed but
have not been fully prospected, for large areas are almost unknown and are
unsurveyed. Sooner or later however there should be a considerable demand
for power, and it is possible that soine of the promising sites may prove worth
development for special industries to be established near them. The minimum
discharges are in very few cases known, as for the most part no measurements
have been made until undertaken for this survey. The rainfall generally over
the Province will be seen from the rainfall contours on the map in this
report, and some figures are given with each entry in the list of sites.
Generally speaking nearly the whole of the rainfall is precipitated in 6, 7 or
at most S consecutive months of the year ; to the extent of ahout 96 per cent. of
the mean anmual fall. Tt follows therefore that, in the alisence of large springs,
the discharges must fall very low towards the end of the dry period. Unless
therefore reservoir sites prove practicable, as to which there is very little in-
formation at present, the smaller rivers may not prove of much value.

A map of the Province has heen prepared in the Chief Engineer’s Office,
giving all available information as to roads, railways, irrigation stations,
power stations, altitudes and rainfall. A list of rivers and sites requiring
reconnaissance will be found in Appendix IX. .

Central Provinces and Berar with neighbouring States.—There are few
perennial rivers except the Indrawati, Nerbudda and Tapti, so storage will
generally be necessary. Sites for reservoirs exist plentifully, hut will not
be cheap to develop ; indeed the relative cost is stated often to rise as the
reservoir capacity is increased. It averages Rs. 289 per ‘million cubic feet of
water.  Owing to the uncertainty of the rains considerable carry-over capacity
will in every case be required. The plateaux of the Central Provinees however
undoubtedly offer possibilities which are well worth examination ; they are
generally from 500 to 2,000 feet or more above the surrounding plains, and
catch the rainfall. The Satpura platean, the Vindhyan escarpment with the
Malwa plateau, and the hills of the Bastar State embrace the main elevated
regions: It is strongly leld in the Province that for any large project the
combination of irrigation from the reservoirs should be combined with power,
and that this combination may be financially successful when neither might be
soalone.  The local work of the survey (other than topographical) should
therefore be undertaken Ly an officer of the Central Provinces Irrigation
Department.  Officers of the local administration in the Central Provinces,
despite shortage of stafl and notice, went to great trouble in preparing an
excellent layered 8 inch map of the Provinee with possible sites marked, toge-
ther with memoranda on various proposed power sites. In the list of sites
given below there are certainly many that are absolutely useless for power
purposes, but until they have been examined it is impossible to determine which
are in this category ; the information is far too sketehy. Some of the reservoir
sites for instance are below any likely fall, but may nevertheless prove useful
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for irrigation purposes in combination with other tanks higher up the catch-
ment areas.
~ The average monsoon rainfall of the Province varies between 35 and 60

inches, but is very liable to fall short in particular years. Furthermore it falls

almost entirely in 4 months, June to September. There-is generally an inch
or two in October, and coming after the heavy rains this will give a good run-
off and perhaps obviate drawing on the storage. The other months seldom
have as much as half an inch.

The memoranda of the Director of Industries, the Under Secretary, Public
Works Department, and the Executive Engineer, Waingunga Division, may
be specially mentioned. The following list of catchment areas of rivers where
the 2,000 foot-contour cuts them will be found valuable. It was prepared
locally for this investigation.

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

Name of stream Catchment area
Name of District, Contour. or in square REMARKS.
. river. miles.
Betul . . . . 2,000 | Taptee . . 228-00
Deo. . . . . - 2,000 | Wardha . . 8470
Do. . . . . 2,000 | Khursi ) . 3750
Do. . . . . 2,000 { Purna . . 93-00
- Do. . . . . 2,000 | Machna . . 136-00
Balaghat . . 2,000 { Deo . . . 91-00
Seont . . . 2,000 | Wainganga . . 27500
Do. . . . . 2,000 | Tel River (Tribu- 1782 -
Co tary of Waing-
anga).
Jubbulpore . . . 2,000 | Mahanadi . 46-27
Mandla . . - . 2,000 | Nagrar (Tributary 34-19
' . of Mahanadi).
Do. . . . . 2,000 | Nerbudda . 1,205°88
Deo. . . . 2,000 | Kashmeri  (Tribu- 2752
tary of Halon
River).
Do. . . . . 2,000 | Burmer or Burhner 6056
Chhindwara . N 2,000 | Kanhan : . 17814
Do. . . . . 2,000 | Bel . . . 3506-39
Do. . . . 2,000 | Sitarewa . . 0445
Do. . . . . 2,000 | Pench . = . . o27-62
Do. . . . . 2,000 ; Harod . . 14647
Do. . . . . 2,000 | Umra . . R 51-87
Do. . . . . 2,000 | Kulbehera (Tribu- 221-92
: . tary of Umra
River).,
Amraoti . . . 2,000 } Khandu . . 3325
Do. . . . . 2,000 | Khurst . 3879
Bastar State . .. 9,000 | Indrawati River . 192-00
1

A list of sites in the Central Provinces, requiring reconnaissance, will be
found in Appendix X. - ' ' -

HMadras 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 many
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 feet. The 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. , )
A list of sites brought to notice for reconnaissance will be found in
Appendix XT.



Ad THE WATER POWER RESOURCES OF INDIA, [Cmar. VI.

North-TFest Frontier Province and neighbouring States.—This district is
in the dry zone, with a rainfall averaging 10 to 15 inches but often less.
The Swat and Indus rivers, the Kunar (a tributary of the Kabul river from
Chitral) and the Kunhar (a tributary of the Jhelum) are all snow fed and
therefore have a large perennial flow and great aggregate fall. Other rivers
such as the Gumal, Tochi, and Kurram have very large catchment areas over
the Dborder in Baluchistan and Afchanistan. Owing however to their
position on the frontier and the wild nature of the country, both in its phy-
sical and moral aspects, very little prospecting work has been done ; indeed it
is very unlikely that power sites, however good, could be utilized. Indus-
trics of any magnitude, beyond agriculture, are unlikely.

-\ list of sites hrought to notice will be found in Appendix XIT.

The Punjaband neighboniing States.—The five great rivers of the Punjab,
namely the Sutlej, Beas, Ravi, Chenab and Jhelum, all take their rise among
the Himalayan snows, outside British India, descending to the plains in a
series of rapids. With the exception of the Beas, which will no doubt be
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 also much

“loecal and indigenous irrigation on the terraces in the hills, which taxes the
tributaries considerably; and nearly every little channel of this nature has its
primitive water wheel for grinding the village corn. These water rights are
jealously guarded. The irrigation interest is therefore paramount, but there
is very little likelihood that any water power scheme (other than a canal fall
development) could interfere with the canal system, which takes its rise ex-
clusively in the lower reaches. That this is true of the Sutlej is explained
below.  The potential power of these rivers. and their tributaries, even on
their dry weather discharges, is vast and need not be caleulated ; but hitherto
they have been little examined for practicable sites for water power where
the development would be rcasonable in cost. A few miles of the rapids
of the Jhelum at Aohora have heen developed by the Kashmir Darbar (see
Table 2) and this will serve as an index of the power contained in the Hima-
layan reaches of the five vivers.  Hitherto the demand for electricity has heen
mainly confined tothe towns and cantonments of the province, which have
either installed small steam or oil plants or have hadto forego the benefits
of the eclectric fan thronghout the sweltering heat of the summer. The indus-
tries that exist are scattered, and there are no great centres where power
on such a large scale has been demanded as would invite capital to
embark on large projects. It may be hoped that progress may be on broader
lines in the future, for all the power that can Dhe demanded can be supplied
over and over again from the “ White Coal” over the border. 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 at 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 ab 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 vear; all
however sulfer from the disadvantage of a periodical closure. As regards this
source of power it is clear that the Irrigation Department must have the
final word as to what may or may not he 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 Dbeen practicable. A little extra expenditure to begin with may
make a had power site into a good one; and it is to irrigation requirements,
such as sub-soil pumping or high level pumping, that such power schemes
will probably look for their outlet.

. The Iate Mr. Barlow recorded the following note on the subject, in view
of the diffevence in the practice of his own Province (the United Provinces)
and the Punjab.

“Mhe Punjab‘ Canals run in rotation, i.e., different hranches in different
weeks, and thq main canuls have sometimes to be closed for a month in the
monsoon or in winter on account of heavy rain or for silt clearances.
There are falls in many places of S to 15 feet with good discharges, and these
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might he wused for puwmping 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 that the water rate would have
to be raised to enable these schemes to be a paying proposition, but consider
that the cultivators will Dbe able to pay it. There are also many local
industries on a small scale which would probably come in if this power were
provided.” A map has been prepared in the Chicf Engineer's Oflice, 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 XIIL

United Provinces and neighbouring States.—There are great power possi-
bilities in the United Provinces, especially in the Himalayan and the Bun-
delkhand and Baghelkhand areas. The rivers from the hills are largely uti-
lized for irrigation, and reservoirs of large size are common ; it may therefore
be supposed that many unutilized sites for reservoirs are to be found, capable
of being used for power purposes before feeding the rivers and canals below.
The cost of reservoirs varies from Rs. 1149 (Gaggar) to Rs. 418 (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 under construction
storage works in Bundelkhand; it is not printed here,but is on record. The
cost per million cubic feet of useful storage varies however as follows:

Seven cases, between Rs. 800 and Rs. 1,400, all small by comparison, i.c.

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

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

Ten between Rs. 400 and Rs. 800, of all capacitices. _

There are many small falls (up to 12 and 14 feet in a few cases) on the

drrigation canals. The majority of these are of small account for power

purposes and suffer from an annual closure; but a few offer good power and
others may perhaps be utilized hereafter for high-level or subsoil irrigation
pumping. The complete list of falls over 3 feet is therefore given so far as
data have been supplied. :

An excellent map of the Province, marking power and irrigation sites,
has heen prepared under the orders of the Chiet EBnginecer, Public Works
Department. "

A list of -sites brought to notice, with canals at the end, will be found iu
Appendix XIV, ‘

27. Native States and territories adjoining British India.—As explain-
ed in the note at-the beginning of this Report, the term “India” is used in its
geographical atlas sense. Water power refuses to be confined by territorial or
political boundaries or by sectional or Provincial interests; it exists where
Nature places it, although it may be artificially controlled to some extent. A
promising scheme may take its rise in one State, be developed in a sccond and
utilized in two or more others ; it may be necessary to modify it so as to meet
existing water rights or future irrigation requirements, but here the advantages
need to be properly balanced by independent authority. It so happens that a
considerable amount of the available water power of India takes its rise out-
side British territory, and in some cases power sites will eventually be found

- (where this is not already so) either on a river which isalso a political boundary

or entirely over that boundary. Certain instances arc alrcady given in this
Report, and if any places are incorrectly located the Compiler apologizes for
the errors. Hitherto the two officers deputed to carry out the Hydro-Electric
Survey have 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 stafl for
several seasons, while actual survey work is proceeding at sites alrcady favowr-
ably reported on. The material in this volume will however show what i
required, and much information ean he collected in advance by the engincers
of the various States which may wish to have their water powers examined.
Requests, formal or informal, have been received asking the Chief Engineer,
Hydro-Electric Surveys, to visit or report on water power in general or sites
i)
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in particalar in the following territories, which are arrranged alphabe-
tically :— ‘ o
ALWAR.—The Sewai Mabharajah enquired of the late Mr. Barlow
regarding the bund at Bara. ‘
BARODA.—The Hon’ble the Resident at Baroda refers to the Orsanc
Oonch and Heran River projects ; the Saharmati reservoir projecgs,
at Hadol and Dharoi; Khadiar Nala falls in Dhari (Kathiawar), and
Aokhadi falls in the Nerbudda. He has been asked if data ais to
discharges, falls, ete., 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 Chandraprabba falls are referred to
in Chapter 6 of the Report under the United Provinces. The
Darbar has been asked that they may be reported on further.
His Highness the Maharaja has made a request for a visit to
: examine the sites.
BHARATPUR. ‘
BHOPAL.—The State 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 next 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 veported on by Mr. Hartley. An endeavour will be
made to visit the site next year if possible. .
HILL TIPPERA. _ '
HYDER.ABAD, DEC(_}AN.fThe Mint Master and Chief Electrical
Engineer has enquired if the data of the rivers in His Highness the
Nizam’s dominions will be of value. '

JAWHAR.

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

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

KOLHAPUR.

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

MYSORE.—The Hon’ble the Resident at Bangalore has asked to be
informed if the Survey proposes to visit Mysore. :

RAJPIPLA. :

RAMPUR-BASHAHR.

SIKKINM.—The Pp}itical Officer in Sikkim has offered to make arrange-
ments for a visit there in connection with the water powers of the
Lagyap Pass and the Teesta (¢.v. under Bengal and neighbourhood) ;
:éliok the Rungpo. There is evidently great power available all over

1IKKIm.

SUKET—The Darbar welcomes the investigation and ealls attention

to the Suketi, Bhawana Khad, Samal Khad -ell . ‘
TEHRI-GARWHAL. ad as well as minor streams.

28, Swummary of results—Taking into account tables 2, 4 and 3,

sites in Appendixes V to XTIV where there is a reasonable plfospect of O%Itlginfxlllg
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 provinees and by the degree of 1'eliabilit§r of the estimate
are given in Table 7. The total is of course vastly below the actual available
power which the final resulls of the survey will disclose. Thus there are over
130 p‘ossﬂ)le.sﬂtes, to which attention has been drawn, of which nothing what-
ever 1s definitely known ; there may be hundreds more yet to be found. Ap;u‘t
from this, however’, the great perennial snow fed rivers have heen scarcely
1’couched upon ; their potential power has not been determined and is in no waj
brought into the table, except as regards o few definite projects. - These for the
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- bart only bring in a few miles of the river, and a few hundred feet of fall.
l’i‘l}gst Iéalculati}:)n of the British Water Power Committee relating to the
Trrawaddy and Chindwin Rivers, with their 7 million potential horse power;
has heen 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 Sfuel no longer existed. Thus the combined
ivinimun discharges of the Indus, Jhelum, Chenab, Sutle], Beas, Ju.mna anfl
Ravi Rivers amount to over 36,000 cusecs where they enter the plains, equi-
valent to well over 3 million e. h.p. per 1,000 fect of fall; these rivers and the
tributaries that feed them rise in mountains up to 20,000 feet or more m
altitude, and arve 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 Tndia to the east up to the Brahmaputra,
and again in Burma to the Trrawaddy and the Salween. What the total power

on the minimum discharges may be is incalculable, while on the normal dis-

charges throughout the greater part of most years it is certainly several times
as great. (The tablé is on the following page).

99. The Key ap of Sites—The general map of India on the scale of 64
miles to the inch, which will be found in the pocket, has been specmlly prepar-
ed-for this-Report by the Superintendent of Map ]_?ubhcatl.on, Survey of I‘ndla.
Tt shows as far as possible on this scale the rivers, railways, and CONLOUIS.
The possible power sites marked on it do mnot pretend to be in exact posxtlm} ;
they serve to indicate localities merely, as the exact squares where known
are stated in the text. A certain amount of information 1s also given
recarding the occurrence of coal, oil and minerals, but this again does not
pretend to be complete or very exact. It by no means follows that areas
without any entries have no water power; it merely means that no data
Thave been collected so far. Of the hundreds of:'i”, 9” and 1” maps 1'efer.red.to
in the Appendixes hardly any have been gxamme'd as vet, as carly publication
of the Report with a view to future work is more important than completeness.

{TapLe 7.
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Figures aro eleetrical horse power continuous, z0¢ 12 hour.

Table 7.— Probable water-power of India, so far as determined.
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‘ to cause very heavy local precipitation. -The cliffs below Cherrapunji are

plant and transmission lines are required. It is suggested that the final tables. an even better example than the Western Ghats, and there may well bo other .

shall be drawn up in the following manner :—

EJS
v

&

Province District Boundaries of

district approximately, by sketch map or otherwise

i Water Steam Oif . { Electric Average Working
] Power Power Power Power period.
‘ ]
| ;
i
i - |
| b. b p. b. h. p. b, h. p. b. b, p. Days Hours
; per per
; year. day.
ﬂ
Pumping plant. | ;
Agricultural !
plant. E : i
Textile machi- ; ; f
nery infacto- | ! i
ries. ! ;
Machinery in | i
engineering | :
works. I
Other  factory !
plant, i
Isolated plants. |
E i |
Source and average cost per ton in district. Coal Rs.

Bulk oil Rs.

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

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

32. Rainfall records and Map.—(See Chapter 2). From the records of the
Meteorological Department of the Government of India a small scale map,
showing average annual rainfall contours, has heen published. . The Railway
and Canal map of India, on the scale of 32 miles to the inch, is also con-
toured in the same way, with the help of such additional records as the
Trrigation Department possesses. Unfortunately these records fail to . cover
in detail many areas whichare out of the orbit of irrigation works and obser-
vers, and which nevertheless may prove of great importance to the hydro-
electric survey. For here it is the detailed rainfall contours over a definite,
and perhaps small, catchment area that are required, rather than the
general lines of the continent. In some cases there may not be a single
recording station within sueh a catchment. Where a sufficient number
of observations exist the rainfall contours can be filled in from these by follow- -
ing approximately the geographical contow's, as this is found — to give
the most probable results. They may however be very far from the actual
truth over small areas. Thus, on the seaward edge of the Western Ghats,
the existing maps show a series of contours, at closer infervals as they
proceed, from 30 inches up to 100 inches at the edge ; and 150 inches on the
secaward plains. It is however well known that in parts the annual fall
amounts to 200 and even 250 inches. Any cliff exposed to the moisture laden
monsoon currents is certain to arrest them and direct them upwards, and thus

similar places of which no records exist at.all. . oA 5

There are however hundreds of places in India where rainfall records’ have
been kept regularly for many years, and yet never used except "by those who
keep them. Thus every tea garden, every coffee or cinchona plantation, has
its raingange and book of records, and these will to a considerabld- extent be

found in the hills that may prove to be likely catchmenfcs- . It may b? 01)49‘3ted:,
that the gauges are not of a standard pattern always; it is quite lllcely?_,})_ﬁt >

HET - (T

a possible 10% error is surely better than an estimate hased on the curve

connecting two stations many miles away. If the same gauge has l?eexl used
its readings, and the whole of its records, could he corrected by expert com-
parison with a standard gauge. Ior that matter, standard gauges are occa-
sionally seen placed so that trees partially screen them, and great diffienlty
is always found in obtaining reliable observers. A number of non-official records
have already been collected in the office of the Survey. 1 .
It is therefore suggested that a large number of {l,-ddlt]O]}:ll standard rain
gauges shall be obtained and placed in catchments which offer good promise
of power. If the localities are such that regular daily observations are
impossible the next best expedient is to have gauges that can be read at longer
intervals, or self-recording gauges if these are obtainable. It may be observed
that the Japanese Government proposes to fix no less than 166 new rain gauge
or meteorological stations in the islands for the hydro-electric survey.
Secondly, enquiry should be made through Distriet Officers regarding every
private rain gauge of which the records have l?een 1kept, gnd copics of these
records should be obtained for the whole period for which they have been
maintained, The collating of these records together with those of the ofﬁcml
stations will take a considerable time and must -bc cz}rmed out by a trained
specialist. The Dirvector-General of Observatories will no doubt be able to
advise as to the best method of procedure. THere it is sufficient to point out
that the present records are insufficient and that more are urgently required.
The rainfall map to be prepared from the official, private and new records
should be plotted for each degrec sheet of the Atlas of AInfth on the secale
of 4 miles to the inch or thereabout. As more data are acquired it should he
corrected and brought up to date. The reconnaissances to be undertaken will
show the catchments in which new gauges are more particularly required.

38. Disclarges and 7'1m-ofs.-——(8ee. pm‘agmph 9). ILxcept where re.quircd
for irrigatien projects practically nothing has hitherto been done to obtain the
normal, minimum and flood discharges of rivers and streams in I}ldl&. »Stl” less
is the run-off under various conditions .known. The st’aff available for such
work is exceedingly limited ; the area in one engineer’s charge is often very
large ; and the localities where observations are required are cenerally far aparfi
and frequently difficult of access. It has already been pom.ted out )that }ong
continued observations are necessary, altho\ugh those made in a single excep-
tionally dry year may be very valuable.  The past season hf{f been s;lfc:hla ong
in many parts of India, and suggestions were made Lefore this enquiry began
to take advantage of it; but shortage qf stalf owing to the war, cqmluned
with other factors, prevented their adoption. Had this work been put in hand
at the time of the first enquiry in 1905 an immense mass of invaluable informa-
tion would have been collected by now. ~ As it is the Lists (:t1 Sites show that
nothing whatever is known in the great majority of cases. The Report of the

- Japanese hydro-electric survey shows that 320 new gauging stations are being

established 1n those islands. '
* As in the case of rainfall,so here the question of accuracy comes to the

“fore. The whole principle on which the most approved discharges of streams

are calculated is based (See Appendix 1I) on Bazin's experiments on trapezoid-
al channels. The coefficients given are probably the best obtainable, but when
applied to the bed of a hill stream near its minimum discharge they are mere
approximations even in the hands of a skilled observer. Results worked out at
two places slightly differing in character—probably neither of them really suit-
able although the best that nature has provided—will often d"[ﬁ'e}" as much as
10 per cent., although in canals and other  trapezoidal channels” consistent
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results are obtained.  Considerations of this nature led the late Chief\'Enmineer
of this Survey, himself a most experienced observer, to write the © Blementary
. Note ™ now reprinted in Appendix I, in which those unaccustomed to take ((Hs}-
charges arc asked to determine the cross-sectional area of the channel and the
central surface velocity and to divide the produet by 2 in cvery case Sucﬁ a
method, which could be put in practice by any amzltcur, would give ﬁsults of
infinite value as compared with our present blank ignorance. It is for consider-
ation, in view of the importance of the problem and the urcency of its solution
whether during the next few years it would not le possibl% to em )10~ celeét ({
studon’gs from the local engineering colleges on this work, uude}' 15’7 L\V f)
supervision, during the two or three driest weeks before the -mon.:oo];
hreaks or t'he snows begin to melt, as the case may be. If the matter iskleft'
to the ordinary agency ol the Public Works Départment the results wili
’assm‘_edly he more accurate, but they will take manv more years to e‘ollect
Bea_mng in"mind the fact that Bazin’s coeflicients are not bnséd on eY:
periments on streams of the nature referred to, it will be most valuable ‘if
any officer with the necessary experience, stationed where a suitable Lill
stream exists, could make some careful cxperiments. It is suwmegﬁecl that
a weir should he built from which fairly exact gaugines of t};e C>'Ci’ctml ﬂotw
can lze obtained. Then, in the reaches above or b(?l(m? the weirL a 1;11 ber
of suitable reaches free from pools shonld be selected, as uuifo’rlﬁ flsm o
be found. The type of bed referred to will generally hiwe a hvdmulic‘ oan
dqpth of unity or less, during low water at \least, and the rouchest of IECSH
with discharges of 10 to 100 cusecs. Cross-sections will then be tfllgen . SI,
mean cross-scctions plotted in the usunal way. The existine coéfﬁéienf Im'(
nomi.nal.]y at least based on the maximum central veloeity bout it fs suﬂ‘ﬂse fcmi
that in investigating the matfer Dboth this and also the 1’nef111 veloeit CJDfs- .
a 1.mmber of observations at various parts of the channel shoLuld be olg, '1'0%1
Doing this at several different places with different characters will "Sel;‘lel[;
enable arbitrary coefficients to he worked out applicable - either to thl:oma)')
mum or mean veloeity. In selecting 1he reaches very little labour axh
often suffice to even up the width of very small streams and to check b“l]'
flow.  8till water will generally exist in places, but at least cocficient } ?O(i
out from definite measurements ave likely to be less imccurat‘ tShWOl i
best now published. " - ¢ fhan the
Normal and maximum flood discharges can probably he better determined
by means of self-recording gauges, and a dozen of these were ordered be' etllmlln?c(
Chief IEngineer as a start and have been distributed. The type ‘sclecte}l o ’S .
Stevens Water Stage Recorder, with time scale 6ne-tenth 1of an ‘i:n(cl“ is 318
minutes and gauge height scale one-sixth, i.c., 2 inches of peucilc move l‘ to :
responds to one foot of float movement. The time-seale is 4'S inches ton'ﬁnh COI'-
and thfz roll of record paper is 25 yards long, thus lastine 6 months, , T} ~H Q}HS
Mr. W. J . Howley, Chief Engineer, Madrag, has also 01‘(Ciel'écl son‘m .(;thels h rOIl ﬂ;
the same Instrument for his own experimental purposes, and informati )Pes-'(i
be available regarding these later on. Liarly steps sleoul’d be taken f > }On e
recorders required for nea! scason’s work. ©late to o der any

N 8. Reconnaissance of Sites.—1In order to obviate unnecessary work in other
directions the first thing required is a general reconnaissance of all the possibl
s1t(laa .ahqad} bloqght to notice, or to which attention may be called after the
1);1 hlication o£ this Report, so as to climinate those which are certainly worthless
a._plesent. Some wﬂ‘l be f_ound useless for all time, either hecause the natur 1
?15011&1-%‘13, or %he possible discharge from reservoirs (capable of beine ﬁll;d) ?S

oo small ; or hecaus it o oo Phic A3 o ’

; cause a suitable head, having regard to this discharge, cannot -

be developed. - Other sites will be written off f i i
: . _ , or the time beine 1 her
are better ones in the neighbowrhood, or hecause the cost of l‘tll?ei;il(zi}éslipgl;%%“' -

cannot at present compete with fuel-developed power in the district. Y

another class may prove so remote from power users at present s t e
a(l))parently \.\‘oit}«hless dfor that reason ; hut here reconnaissance islne;ded aasssugll) ;
source may 1n the end prove valuable for special work ' oxisti

industries.  Although thé ecst of connnm%icat?fl)lrsOi}éx gil()ctlldslﬁzledinpﬂf 1tl leStmg
large it has seldom proved a har to development if there a L ' fﬁ]'lb t minoral
possibilities at the far end.  (Sce paragraph 17). e cxcpt Hineral
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It is suggested that an effort should be made to carry the reconnaissance of
sites as far as possible during the coming scason. To this end it is suggested
that there should be placed on special duty (¢) Irrigation engincers for sites
where reservoirs may be required, or wheve irrigation from the tail waters may
be involved. () Mechanical or electrical cngincers, acquainted with wwater
power development, for other sites. In this connection the suggestion may be
thrown oub that Government Tlectrical Engineers may he made more use of.
Trom an inside knowledge of the work on which they ave for the most part
employed it is clear that this would offer a far better field for their energies for
atime; and they are trained engineers. The assistance already acknowledged
from this source in one province was great ; and there are other officers who have
heen actually engaged in the construction of hydro-clectric works. Again it
may be possible, if emly action is faken, to sccure the services of suitable
engineers from the officers and men of the Territorial Torces who will soon he
demobilized. Itis almost certain that there are some among them who are
engineers by profession and who have prospected for water power elsewhere ;
indeed applications have already been received from some.

85. Survey of Sites—XReference has already been made to the assistance
which it is hoped that the Surveyor-General of India may be able to give, in the
matter of continuing the topographical survey to districts at present unsarveyed
in detail and of revising old non-contoured maps. It will he necessary to sce
that there is no overlapping here, as clearly the work done inthis way will
obviate similar general work by other agencies. On the other hand, the
specific survey of known sites is rather an engineering matter, dealing with limited
parts of a small area, and this will no doubt be undertaken by survey parties in
each province, after reconnaissance has proved whether the siteis worth it.
The following instruments were ordered by Mr. Barlow from the Mathematical
Tnstrument Office, on the 31lst January 1919, to- reach India by September
1919, iz - —

Tachecometric Plane Tubles, 247 x 227 with outfits Ce . 9
Levels, reflecting Abneys, Steward’s pattern, in sling leather case . i
Barometers, 'Aneroid, 43" diameter, hbronzed, surveyor's reading Y
between 25”7 and 317 and from 0 to 6,000 fect, in sling leather
case,
Levels, Ziess, Watts pattern, No. 1, complete with stand in box 37

In addition, the Officer-in-Charge, Mathematical Instrument Cliice, was
advised that the following articles would be required from stock, viz.:—

Tevelling staffs, Sopworth . . . . 37
100 foot tapes . . . . . . . . a7
Measuring chains, 100 foot . . . . . . 57

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

To sclect, from the data so far collected, the sites which should be dealt
with first is no easy matter. On the one hand it is clear that those situated
where an early demand for power is likely to arise should reccive preference ;
but there are few places at present of which this can he 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 be overlcoked. Cheap power is
the text of the articles on the Chemical and Metallurgical Industries in the
Tndian Munitions Board ¢ Industrial Handbook 1919.” It is there stated that
“ Asan index to the price of energy permissible it may be mentioned that for
calcium carbide it should not exceed 010 anna per unit or £3:65 per kilowatt
yearand for dluminium £5 per kw. year” (Page 131). Elsewhere it is
pointed out that in North America and Scandinavia cu rrent can be generated
from water power at 005 anna per unit. It will be long before any new works,
under present prices, can reach these figures.

In the opinion of the writer, backed in those cases discussed by that of the
late Chief Engineer, the following list represents the linesupon which the
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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 Xundah River, Karteri and Coonoor scheme,
Pykara and Siruvani Rivers. It is understood from the mewspapers 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 remainder can
wait. The Anamalai Hills, including the Aliyar River, and the Sirumalai Hills
should also be prospected and, if the result is fayourable, surveyed. The Mach-
kund River in Vizagapatam District appears likely to have great power, which
may soon be needed for the harbour developments.

North-TWest Frontier Province—~If 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 is the first that claims attention. Without endorsing all the state-
ments in the paper on this subject, referred to in the List of Sites, Punjab, it
clearly merits further investigation and the drawing up of careful estimates.
It appears to Le clear that the scheme can in no way interfere with the irriga-
tion dam project, and, if that is so, it should receive every encouragement.
Once the dam is built it will be difficult if not impossible to make the tunnel
without emptying the reservoir, and a really comprehensive scheme for supply-
ing cheap power to the province will be lost. For this reason also the tunnel,
if huilt, should be of the full capacity required. Should the investigation prove®
satisfactory it becomes 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 tunnel 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 province, and exact
information cxists regarding them. If it is kmown that they are available for
development, on easy terms, it scems probable that companies may come forward.

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

United Provinces.—Certain reaches of the Jumna have already been fully
examined and their development may be hoped for. The canal falls are mostly
of small power, but their value is also definitely known, Beyond 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-Electric Engineering.—So far as is known the
question of {raining engincers in Indian Colleges in the specialized work of
water power has mnot hitherto been taken up seriously. The impression
prevails that water power is a branch of irrigetion work which can bo taken
for granted, but this is not so, although thesc two branches of enginecring
run on parallel lines so far as low falls and reservoirs arc concerned. The
electrical 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 engincer who is investigating water
power sites are that he shall have a sound knowledge of mechanical and bydrau-
lic engincering, for power problems cannot be dealt with satisfactorily and
thoroughly except by an engineer trained in power problems.

This matter has been receiving attention in Great Britain, as the following
extract from the Second Report of the Water Power Committec of the Conjoint

" Board of Scientific Societies will show. Tt should also be taken up in India,
where at present there are comparatively few engineers trained to deal with
water power problems.

“ Proining in Hydro-Electric IEngincering.—In view of the great
developments in lydro-electric engineering which are incvitable throughout
the Bmpire during the coming decade, it would appear to be of the greatest
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Elementary notes by the late Mr. G. T.

APPENDIX L

Barlow, CO.LE., Chief Engineer, dated
23rd March 1919, on the Preliminary Investigation of Water Power Sites
for Electrical Parposes. )

1. Olject of {he investigation—The chicf sources of energy which arve at
present known are coal, oil and water power. The two former are casily handled
and transported, and in most places are more convenient and cheaper than water
power, but their supply is limited, and their cost must sconer or later increase.
A knowledge of the water power potentialities of the country is therefore of the
greatest importance, not only in the comscrvation of energy, but also in the
economic development of the country.

At present very little is known ahout the water power resources of India
and Burma, hecause they mostly lic in the hills and jungles which are sparsely
inhabited, and rarvely visited by any officials ; only rough survey maps exist of
many parts.

The object of the preliminary investigation is therefore to locate the
favourable areas and sites, to ascertain the discharges of the perennial rivers,
and to collect other information through the Local Officers, which will enable
detailed surveys to be carried out expeditiously by a special stall during the
cold weather. _

The object of the survey is nof to prepare cstimates for town lighting and
clectric fans, but to obtain details regarding favourable sites that can be made
of gencral use to the Public. These details will show where and approximately
how much power is available, and will also give other useful information which
will enable any Company that requires power to know where and how to set to
work to prepare the detailed plans.

To discover the localities of all the existing water power resources of the
country is desirable whether a demand for power exists at present or not. The
most unlikely places to-day may in a few vears’ time be the centres of Industrial,
Agricultural or Mining activity. India and Burma are immense countries, but
even though this is so, if intelligent and willing assistance is given by the Local
Officers it will be possible to eliminate the useless aveas, and to concentrate

the survey work in the promising localities.

9. Definitions of lechnical terms, etc. .
(@) A typical Hydro-Electric Scheme consists of a perennial river or of a
reservoir or hoth for the supply of the water; this water, except
where a natural fall already exists, is diverted into a separate
channel by means of weirs or regulators, and is then run in an
open channel along the hill side ab an casy slope, or in a tunnel
through the hill, till a suitable site has been reached for running
the water down the hill slopes and obtaining the requisite fall
for power purposes. The water is then run down the hill
side in steel pipes to the power house which is situated at the
bottom of the hill above the High Flood Level, and finally the
water is escaped back into river ; sometimes the wateris diverted
through a watershed into another river. From the power house
transmission lines are constructed to convey the current to the
factory or to other consumers. In the preliminary investigation
only the details regarding the supply of the water and the lheight
of the fall are required though details regarding other relevant:
points will be welcomed.
(1) A Cusec means a cubic foot per scecond.®
(¢) Head.—The vertical difference in level (in feet) 7.e., the height of the
' a1l hetween the inlet and outflow of water used for power purposes
is called the ead. In all preliminary works it is suflicient to note
the actual head available. '

found in the Himalayas, take from 3 to 4 cusces. J. W, AL

£NorE—The small water driven flour mills,
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(d) Yor water power purposes the fall ” means the difference in heicht
between the level of the water where it will e taken from ]?11
stream and that at the place where it will be returned ¢ fle

_ stream and it may be made by :— - ned o the
('7,.) a vertical drop in a river or canal,

(¢) a series of rapids making, in a short reach of one or two miles of

river, a total fall of so many feet, or ©ot e

(iid) an arhﬁpial fa.ll which can be made in a reach of say 4 or 5 mil
In ariver with a steep slope, by taking off the ,“‘a{e1‘ and ru i;'e%
it alo.ng the hLill side at a gentle slope, or in a tuncnel t—hrlo lglb
?e 1]111.1 to another valley ; and then, at a suitable place, runnl;g;
;)O(](. own the hill sides hack into the same or into another river

\
| Tor power prrposes (i) and (74) are merely superior to (ii ) 1
ength of flume or open channel to the entrance of the pipe Ii i+ cheaper. o
more convenient for reculati RN v e pipe line s cheaper, and
gulation purposes.
(e) Storage reservoirs ave natural or artificial collections of water situated
above the fall, which are commonly called tanks or Llal'e; " “&‘ﬁ(
water is collected during the monsoon periods or at oth&eli' ti i
when there is excess water, and is used for irrieation or )51‘1‘1'03
purposes, or for hoth. These reservoirs, which mf?st be cons‘m%uct e&‘
above the fall, provide the necessary discharge in period of 1 ,
supply in the river, and also collect the water which is runnincv'o'w
the river when the water power plant is closed down, or wh n
. Irrigation is not required. , e
(/) When it is found that a stream dries up or falls very low for a short
period before the break of the rains, then in order to nl‘li;ltw' 1
constant power, some storage must be provided. B
(9) Oizglc'zfsec‘f"z_mm')zg constantly throughout the year is equivalent to
foro elg;li;(;ntgzulnc felet ot'stomge, but allowance has to Dbe made
cvaporation and percolation losses, so that to obtain the
cquivalent of that constant discharge a storage of 35 milli(;n cubic
iﬁet‘ sﬁould he provided. Tor one month the storage necesslmTC
cu{;))i . %e:éi?umed at 3 million cubic feet and for one day 100,000
(h) The Catchm , : int i ini
.) A streaflillia(ériﬁaotf li)lo?f:t?am at any pomt is the area draining into
(1) IWatershed is the houndary line between two catchment areas

(7 ) The Llectrical Horse Poiv
: wer that can be generated will "0X1
n‘tely Cusces x Head in feet or — Cusees x Hc?d in feet : be aP‘PIOXHH'
T = ————15——— when expressed in
Kilowalts instead of Horse power.
- i.( li'iz;esézzizz‘(‘cblg for producing power.—Navigable or tidal rivers or waters
a seles " Water power purposes, hecause the cost of dev i
great, and the power obtai is , ailuble. dobmon 1 ver
oreat, obtained is small. The power avai
: ? ) . . vailable depend
product of the fall obtainable and the mini i e roliod on at
_ . c a nimumn discharge that i
the driest time of the yvear i i e vk diochnee o ot a6
g he year. A mnavigable river may h 1 i
slope of the river bed will'be extrem T ronch of 4o ange but the
] ! remely small, and in a reach of 4 or 5 miles it wi
be inipossible to produce S of artifoial Tal). Ty es it will
8 > more than a few feet of artifici
possil. du ana fe thcial fall. The pr
]t_llrl:; Ii:f;l;(}rl %e nn'lltlphe(hlg the fall will therefore he small while tl{)e Ogcl)ls(i:t gg
arnessing the river, and the cost of the other works will-
thousand cusecs falling 5 feet will oiv ks will be s Bl 1080
cuse e et will give the same power as 5 cusecs fallj
feet, and it will be readily understood that the cost of develoni ¢ the Intior il
be far less than that of the form Tl i herofine S aier il
it bie e that, of the er. Lhe Dest sites are therefore small discharces
with big falls ;s {:08 C,uo 200 (31111§ecs falémg 400 to 2,000 feet, but medium dischare
ay 2 usecs 1allmg mediume heights say 100 t o
s Y : ’ fa heights say 0400 feet ar
ﬁe?cgﬁt;‘ (l)lfl*lsea ‘lfaggtf(a) 51(1)5;(1:111 ges (say anything above 1,000 cusecs) fallinfresifﬁ
ght ¥ 9 to 80 feet arc expensive i ueti : b "
anything bettey b mmilorsd I e 1n construction, and therefore poor if
oy e ¢ .
countrri f)l'lr]ll(tihlls 151 ioil‘o.“s that the best sites are generally those found in hill
country tiy;e loqx\v he 1,1butarles of the large rivers, and that the power sites availy
arge rivers them§elves and on canals are seldom really favourable |
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The ideal site is one where several small snow or spring fed streams eollect
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
area will be sufficient to provide the necessary storage; and where the valley
is flat and uncultivated, which will enable additional storage to be collected by
means of a low dam, without destroying cultivation.

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

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

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

4. Por preliminary reconnaissance an Ancroid Barometer to measure
heights, a wateh with seconds hand, and a tape measwre or 10 tfoot rod are

“all the instruments necessary.

The points to note are :—

(¢) Approximate discharge and Head available.

(4) River and site on river, by reference to the 17 maps or by latitude and
longitude.

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

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

Where it is impossible to observe an accurate discharge, or where the-
correct methods and co-efficients to be employed arc unkmown, the following
very approximate method may be adopted :—

Select a straight reach of the stream where the flow is uniform and where
fhere are no marked pools, and mark off with pegs any convenient length of
fairly uniform width. Then measuve as accurately as possible the width of the
stream, and find the average depth by soundings at intervals across the stream.
Then throw into the centre of the stream a small stick and note the time it
takes to pass along the marked length ; vepeat this L or 5 times to eliminate
errors. 'Then the run in length in feet divided by the average time in seconds
oives the velocity on the surface. Then the cross-seetional area in square feet
multiplied by the surface velocity in feet per second and divided by lwo will
give the approximate discharge in cubic teet per second.

Tor instance, suppose the length marked oft is 100 feet and the floats take
an average time of 50 seconds in passing along this length in a strcam having
a width of 40 feet and an average depth of 11-feet. This givesa cross-seetional
area of GO square feet. The surface velocity will then be 2 feet a second and
the diSCh&l‘ge 3 {ect a second ,; 60 square feet =GO ‘cusecs.

5. A careful study of the largest 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 easily happen that a useful fall ov
a promising reservoir site is missed. The 1”7=1 mile contoured maps are
excellent and the 4”=1 mile Forest surveys arc even better.

X
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A few examples are given below to indicate the kind of information which
can be obtained from maps :-- . '

(¢) A tlat 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 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.

(e) When the discharge of a stream is known at a certain point, an idea
of the discharge at another site can gencrally be guessed by a com-
parison of the catchment areas at the two places.

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

(g) When a stream malkes a long hair-pin bend, it is {requently possible

~ to obtain a good {all 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.

(#) Sometimes the slopes on one side of a water-shed are very stecp,
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 means obtain a most useful artificial fall.

Addendum to elementary note.

Useful ydraulic Dale (in round numbers generally).
Flow.

1 cubic toot per second = 624 lbs. per second,

60 cubic feet per minute = 3,744 lbs. per minute,
374 gallons per minute,

3,600 cubic feet per hour,

86,400 cubic feet per day,

2:6 million cubic feet per month,

31} million cubic fect per year.

1 cusce flow

By

LRegulaling storage.
100,000 cubic feet stored will give 1'16 cusecs for 24 hours.

33 B 33 3] 2"} 3] 3 12 3]
» LR 3 3 J‘% » 33 6 E3)
33 b 2 1 9!{ s 3 3 iE
3 3 3 3 2711 i} [T 1 »

. Jlain storage.

313 million cubic feet stored is equivalent to 1 cusec for a year ; but owing
to evaporation and percolation more storage would actually be required. In
round figures :—

1,000 million cubic fect stored will give 30 cusecs continuously for a year.

5 2 3 33 40 2 7 3 9 months.

2 3 13 3; 60 3 b2 } 3} 6 ETY

s 3 2] EF) 120 » EL I 3 3 7}
Lleservoirs.

1 acre = 43,560 square feet,

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

1 square mile = 610 acres = 37'88 million square feet,

1 square mile of water 1 foot deep = 2788 million cubic feet, which will
(In practice) give a flow of about § cusce for 12 months, or a little
over 3 cusees for 3 months,

61
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(Yatclza}z»e)zts. : . .
1 inch of rain = 100 tons or 3,640 cubic fect per acre. = 64,000 tons or

288 million o e S(lmtwi mlll?.d often a small pereentage will
In practice, however, only a percentage, &

reach the reservoir ; see paragraph 9.

Power from flow. . i ot
On the praetical basis assumed throughout this repor i :

— electrical horse power. o
° If 15 Lis the divisor, the vesult is in kilowatts.

r from storage. '
Powcir f) 0 Thnusﬂ.ndgs cubic feet stored X head in fci — o h. p- Lours.
i) Regulating. 5z ' Db
%f) the divisor is 56, the result is in kw. hours or B. O. T, unit
ne . Alillions cubic feet stored X head in feet = o h p. years.
(i) Main, it BgGe X RTEEE = o
1f the divisor is 500, the result 18 n k. w. years.

X2
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Coefficients for ascertaining mean velocity from greatest surface velocity

in channels,

Hydraulic mean depth.

Very smooth

Smnoth

. . .
. . .
. . .
. ,
.
. .
. . .
B N

channels- Ac<hlar or
cement., brickwork.
83 79
"84 St
S 82
8) .
-S4

Rough chan-
nels. Rubble
masonry,

69
T4

76

Very vough

channel
earth.

By

Channels

with

detritus.

a7

rivers in the hills the coefficients in the last columm will be used.
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 ahmost always give conservative results.

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 cross-
sections along the chosen length of channel are used.

Yor most streams and
It will be

The entries

APPENDIX IIL
Part of an aneroid survey-—See paragraph 13.

in the ficld note hook were as follows 1 —

Dat Time Station. Temyp. I Neading of aneroid. _
ale. . -
o [ i T 1870 ()1‘\1 ward
Apl‘i\ 4 60 : | journey.
S-45 11 32 1353
3
: 2007
10-0 11t 02 3
b2 2 )q“‘)
4 a6 289
20 1N o
» 1 |
ir -
1210 Vi a1 e
. ) At Gy 3002 Teturn journey.
. " By !
April 6 . 0%
70 Ay 9 2150
oo R AN
730 11 71 1900
» . :
8-30 1 K0 19905
n .

) .
TReduction by Molesworth's curve for
for air temperature by means of curves g

as follows :—

+ diurnal variation m Calcufta zmld
oiven in Molesworth and Desehanel,

Outward journcy.

o }Jy ('Orrjc;('t.inn tesult feet. K dit]{"clxx‘]:}vo,
Station. -'mf(?e!;;l.d dimf:a]. N feot,
e e— 0 I PO —

! )S TFall 18 A 40 Rice 22 1:006 Tise 24 24
‘fl 3 v

i

" L Rise 202 +3 Rise 205 11115 Rige 250 ]

I ) !

H } Rise 796 o | Rie 102! 1130 | Rise 896 | 1,264
18e o il

1v . \

W } Rise 122 Nil Rise 122 1130 Rise 138 |

Vi ToTaT. RISE . 1,288

Return journey.

Vi Fall 8§52 —23 Fall 829 1075 Tall 891 ]‘

N Loo,1eT

v l Imall 250 -3 Tl 245 1084 Trall 266 j

1)

Hl}* Fall 105 -5 Tall 100 1-095 Tall 110 110
= ToTAL FALL . 1,267
80 ~ o
al
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acree very well, eoivine .
o A 1ITIng . "
» giving a mean difference between them of 12288+1,267
1,890 1,267 __
2

—

1,278 feet, the two ¢ i :
e Ouzxgl‘clon.nnon intermediate readings do not agree : hetw batic
110 feet, while the fl-q']o.mney gives a difference of 24, feet and filee;} o ons
by a different I;OlltGLC] {Tpalnc)'tlls balanced between stations 2 fm’d 6 lt(;)lnr:f Wm‘({
. ’ - Unless the instrument LT s traverse(
cases, so that th -ork ents can be carried i i
these, di“Cl'epmg]’ élsm‘t“_"iln“ ork caml({t get heated ap diﬁ’er‘ently air:l S‘Eﬁ‘ciiﬂslaggf {
> ¢ occur. A sccond i v ¢ parts
showed equally discor . second  instrument carri is’ time
agrec Wn\gbef t}erd;?zctgliant 1\9311%& {)lf; intermediate stations (111(;3(111: ‘z“? 15 dhmg
grec any better wnler se.  No doubt if a lone 1 S ‘0 did not
each station, t Tie i a long halt could ha
o ’bte(()z enabl‘e the instruments to settle down thorou‘;(i lbemg] made at
Stotie n n}ow even ; but this is generally impossible S, the results
€ N “‘ . - / ” . > .
- . as found by a 4” Forest map to he at abour redaced level 990
cet.  Adding the mean rise between 1 ' e, 244110 | '
2 will prol nd 2%de., AT 67 fect,  Stati
- Z2 will probably be withi . ) 2 — 'y ation
reading, 55 930 foct ik pcot Of B L. LO5T. _Station 3, with only a s
Station 4 similayl gher and the result, 1,287 feet may be 100yfa sngle
dt € ar - . $) < 5. "
The terminal statign gn}y ].Je taken as ahout 2,188 fect, with a similar o
feet, as the results acc IS 117101)1?})15’ within 15 feet of 990+1,278 mea . 1112121'%111.

s € esults aceord w The : > an or z
?onsulerable change of pressgre E(l)];gutltgd}%engt?l }Viather reports showed that ﬁg
‘eet, below this, or - arred m the mterval ; station 5 i
thy oo 'thlts" or say 1,377 feet within 100 feet. Thce ’redatlf‘n 0 18 ahout 891

A & % s Iﬂltnelst confirm these probabilities uetions made from

A subsequent test of the two « to
shade as a contr vhe two ~compensated ” aneroids cont i
CXI)Cfi;Jle;ltS ;glqgl \a};d othey .ll)llaced in the sun, showed that the Ollflitkep't 11} th]e t

§ rose very rapidly; the relativ : ;) avter n hoth
chaneoes of . JUY s elative change d

ges of the instrument itself were (0 fret and SE fe;lte :gqg(het_tellllpemture

spectively in the

INAV ¥ '} £ 1 Y
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APPENDIX 1V.

Mechanical and Electrical Power.

The British, and practically International, horse-power is the power
obtained when cnergy 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 feet) are discharged per minute under a head of 100 feeb
(civing a static pressure of 433 1hs. per square inch) the encrgy expended will
be at the rate of 1 horse-power. This, however, is theoretical, or water horsc-
power, w.hp. If a turbine and pipe system having an cfficiency of 90 per cent.
are employed to utilize this flow and fall, the mechanical or brake horse-power
obtained on the shaft will be 09 b.h.p. If this mechanical power is used to .
drive an electric gencrator, the efficiency of conversion being 95 per cent. under
the particular conditions, the electrical horse-power obtained will be "0X"95
—0855 c.l.p. The value of the horse-power in foot Ibs. per minute isin cach
case the same, but the fraction available diminishes. The output of the
generator, 0835 e.h.p. X 746 gives the exact electrical equivalent, viz., 00636
ilowatt, as 1 e.h.p. =746 watts or ‘746 kilowatts. To round up the example,
if this *636 of a Kilowatt is converted to heat (where the efficiency is necessarily

100 per cent.) it will give out 636 of 573 or 364 British Thermal units per
minute, which is equivalent to 98,200 foot-lbs. per minute, out of the 33,000
with which the example started. Thus Lorse-power is a rafe, not an amouiet,
s0 500 L.p. per minute” is meaningless ; the total amount of electrical power
senerated in any particular time is expressed in eh.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 h. p. hours or 6-21 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 been made of “indicated horse-power ” and
« pominal horse-power.”” The former represents the power developed in fhe
cylinders of a steam or ol engine, as calculated from the indicator diagram,
and will generally 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.Jup. of an engine may be two or three times the n.h.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 nh.p. an endeavowr should be made to ascertain the b.h.p. developed by
comparison with other cases. Otherwise the n.lup. should be multiplied by 3.



APPENDIX V.

List of sites in Assam.

Lhugar Bicer (Garo Uills).—Unsurveyed in detail, but has a rainfall of
100 inches of which 91 per cent. falls hetween .\pril,zmd 0(ﬁ£0];(‘l' ) XC (?;
unlikely {o afford any good site judging by the I-ineh map The ﬂzc%g)e?l;
arca however is some 83 square miles at Selhat Iaut, where the N‘l;ll 0"11{‘ i
butary flows in.  (Map 78 K. 7). ’ s

Logopani River.—sce Shella River,

Cherrapingi.—see Shella River.

Deniring Ricer.—sec Krishnai River.

. Didram River.—sce Jinari River.

Digru River.—sec Um Tru,

. ])u'fllmue, Liiver (Garo Hills).—Nothing is known recardine this strean
or ils trﬂ)utzn'i?s, the Manda and Chichura but it is 1)1‘01)&1?1\’ wotb'th rec‘onnt‘L"l-,
sance as the rainfall is high and the slope rapid. At the jﬁlfction of the al ( 1?
tributaries the Manda has a catchment of about 10 square miles ‘ma )21‘10
Chichura about 70 square miles.  Alout 105 out of 115 inches of 1"L in f: ll('3
hetween April and Oetober.  (Map 78 K 13). B

J(ulurlm{.a, or Kyushiang River and tributavics (Khasia ITills).— A ppears
to have considerable possibilities, the rainfall heing Detween 100 and 150 }ﬁcf QS
of which 9L per eent. falls hetween April and Oetober. Fhere are many 1'1111:
and reservoir sites may be found in the Nongstoin area. The catchltnebnb “u'etl’,
5?1)2\:, thc i:lHS‘ ot. “1() 1001:, with others near by, in latitude 25° 26/, lon"‘i(;ud;

8 1s'ahout).'2»L square wiles.  (Map 78 O 3, 7, 10). 7

o Jaé.mgg Jz..z:a;w',—f—rhe possibility of wsing 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 thyc K;
Yeng (q. \".‘) near wile 277, up strcam of the hair-pin bend near the rﬁilwm
't}umcl. (There are no detailed maps of the river avea available at presen‘t)y
The area flooded would he about 2} sq. miles, and with 290 foot dam and
1_110&1’11(101)& of water of 45 feeb the storage would be some 3,000 mil‘lion (c
ft.  The rainfall is said to vary between 144 and 250 inches in the cat !u.
ment, mostly falling between Mareh and October. It averases bi at Haﬁ ‘Cln-‘
and 17k the Jatinga Valley. The above storage would give about 318]6
cusees for the 6 dry months and 12 hours a day. The cateliment, "L;‘é“t éf il
combined streams is about 96 sq. miles above here. The )0\:’(3; stati o
would be near Damchara Station, where a head of about 20(1) feet coualddl?n*
obtained, with a long canal on difficult groind and perhaps a long pipe li )b'
so far as is at present known. The site may be good for 7 000 ¢. h. p lorl o,
It scems probable that a higher dam than 90 feet would he re .ui.reld. tomn?' l?.
the storage indicated, and this might involve the stlbnn}zl'frellcéqand re-alP:?‘ :
1.ne11t of scver'al 11_1iles oi thy railway in difficult country. ’.l?hc dam site 'I'D'il-
further cxamination. Rock outerops in several places on both banks eqtlétu.s
hard and compact, with the strata often verbical,” sometimes twist‘etd ., 31] f 'I'S
quently broken. It is sound enough for a weir to stand on, but ﬁot’ fal} éb‘
to fall on unless heavily protected. ~ It is probable that the river bed vas once
100 fect deeper or more, and the present flat valley has been form ga]fvoﬁ(l}e
hills slipping down on the left Dank and blockine the river. A (]3 ke w: s
formed and in course of time its overflow has scoured out a n(;w cl . el de
this is still much ahove the old level, There is a possible flank lfmne‘, o
exam}ncd) on the left bank some little way back, where\ rock shoulde bgapg e
as cvidently the river at one time escaped by this route. The dam . ldmmd,
hably run across the river at a shavp angle, hut the line W:)uldvlvlca)tu tprlO:
trenched for examination and this would be most difficult. Further o cami, .
tion in detail is required before a verdiet can be expressed on tl xaﬁmm-
Sce also Ka Yeng ®iver and Maibang. (Map 83 G 43)? . i seflome.
Jinart, Juyjaram or Didram River (Garo Hills).;'l‘his has not b 0
spected 5 it has a catchment area of about 100 sq. miles a‘t Roks i i
about 100 inches of rainfall, and the slope is rapid. The stream ;.: l;;l:unl’vs;lli
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on a large scale, but looks unpromising on the § inch map. 01 % of the rain”

falls between April and October.  (Map 78 K 5, ). :

Ka Yeny River—This from the layered maps looks more favourable than
the Jatinga river (¢. v.), into which it flows just above the site mentioned on
the latter. There is apparently a good reservoir flat some 2 or 3 miles from the

Xailway 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 Deeember, but the rainfall is about 150 inches here over a

catchment” of 80 sq. miles, mostly [alling in 6 months. (Map 83 G 2, 3;

unsurveyed).

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

Krishnai or Damring River (Garo Iills).—Near the Jinari (¢. v.) and
the same comments apply. Catchment arca at Chelterct about 200 sq. miles.
(Map 78 K 9). :

Maibang, Assam-Bengal Railway, hill section.—The railway station here
is in the middle of a large flat valley, several miles long, with steep clilfs on
the cast side where good rock appears to outerop. This valley is near the high-
est point of the line, and it falls steeply away towards Lumding. The valley
is cultivated, but the vailway eould-Le cheaply diverted. The discharge of the
river (name unknown) in December was only a few cusecs, but rainfall is
high—about 100 inches. The site is most suitable for a large veservoir, as the
valley is flat, the rock apparently good, and an excellent saddle escape exisls
on tire east. 'This site is considered well worth examination, From the Atlas
sheets the catchment arca is about 80 sq. miles. (No maps available, but on
78 G 2 or 3). :

Monas River.—This {lows into the Brahmaputra from Bhutan, and has a
large perennial flow. The fall after it enters DBritish territory appears con-
siderable. (¥ap 78 J 13). :

; Shella River (Bogopani River in Atlas ; Khasia Hills). ~This is within the
belt of 200 to 440 inclies of rain and consists of steep sided gorges, already cub
down almost to plains level. Unless reservoir sites arc found on the upper
reaches in the Cherrapunji district (sce General Remarks on Assam ; para. 26) it
is doubtful if the stream is of any use. If storage exists the catchwment areas
at almost any point arc far larger than is necessary ; excess water, not defi-
ciency, will be the-difficult problem. The months of December and January
arc almost dry; November and February receive an average of 2% inches ;
March averages 8 and October 15 ; so the distribution is unusually good. As
the country is mostly steep and roeky the run-off will be very high, as all, falls
are heavy. By way of an index to the dry weather discharges 27 very snmall
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
R. L. 1,700 feet, 31 miles due west of the Dak DBungalow, and attention 18
called to possible reservoir sites above here in para. 26. January 1919 had only
one measurable fall of rain, 063 inch on the 20th, and the combined discharges
of the streams amounted to only 3 cusecs early in February. That month was
quite dry. March had 092 inch on the 8rd and 4th only, and the combined
discharges later in that month were under 2} cusecs.  April had 13 inches
of which half fell hetween the 17th and 28rd, the remainder being distributed
in small falls. The combined discharges taken just after these heavier falls
amounted to only S cusecs. The Umsohphi reservoir site at the 100 fect
contour is just over 11 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 neighbouring falls on the Um Kra and Um Shirpi, but it oflercd 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 114+
cusecs at the end of December 1918, dropping very steadily to a minimum of
6'3 cusees early in April 1919.  The decrease is about 1 cusec per mensom in
winter. Above Bishop’s falls the Tm Shirpi dropped steadily from 10 cusees

£ Qinee examined and found unpromizing.
L
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at the end of December 1918 to a minimum of G-3-cusces
with the same decrement. (Map 78 0 1.4),

Uwmian River, Xhasia 1Lills.—This crosses tho main road at Barapani,
where a reservoir site may exist.  There is however littlo information as to the
fall available below, as the river soon passes to pavts of which no detailed maps
exist.  The catchment at Barapani is about 20 sq. miles.  Rainfall about 100
inches, mostly falling in 7 months, ¢iz., about 94 /e (Map 780 14 and 83
C 1,2).

Um Kra 5 see Shillong supre. »

Um Lai River, tributary of the Um 1ru {(q-v.). This has been cauged
where It passes near the Gauhati-Shillong road, and where it is perennial.
At mile 11 the discharge fell gradually, with large variations, from an average
of 20 cusees in January 1919, and 10 cusees in 1o
in the carly part of April. The lowest record w
rapids {not identitied) the discharge fell from 38 cusees average in January and
25 in Yebruary down to 22 in March; the lowest record being 15 cusecs.
Rainfall about 100 inches. (Map 75 0 13).

U Skérpi—See Shillong supra.

Ui Lru or Digru Ricer—(Khasin Iills
pass the Gauhati Shillong road, may olfer some power, but not much informs-
tion is available except that the river is perennial and has some good {alls.
Detailed examination of the maps has not yet been miade. The catehinent
arca above the junction with the Um Rai appears to be about 60 square miles,
but it is difficult to trace out exactly. Rainfall about 100 inches, of which
about 9 per cent. falls botween April and October. (Map 78 0 9,13).

Someswari River.—(Garo Hills). Unsurveyed in detail, hut looks promis-
ing on the layered and § ineh maps. At the junction where the Ramthang and
Semthang from the west join the Rangdi from the cast the catchment areas are
about 300 and 170 square miles, or 470 in all.  Rainfall over 100 inches, of
which 90 per cent. falls between April and Qetober. (Map 78 K 10, 11, 14, 15).

arly in April 1919,

as 1 cusee. At the Laroh

). This and its Dranches, which

bruary, to 6% in March and 5.

APPENDIX VI.

A

Bengal and neighhourhood.

Chittagong.—A small scheme was drawn up for utilizing the Karnaphuli

- River mear this town, but no details ave available.  Rainfall about 100 inches.

(Map 84-B, unsurveyed). o o

Damude River.~There appear to he some possibilities in t]ps river in
connection with an irrigation projeet, but they have not .bee.n 1m:est15_>;atod
from the power point of view. The development would, it is believed, be
exponsive. Therainfall averages 50 inches inthearca. The Port Commissioners
of Caleufta arc interested in the reservoir project, as the ‘monsoon flush is
required to keep the River ITooghly clear. Several reservoirs wers proposc]d,
ong of the upper ones creating a fall of 100 feet, some of which could be
utilized. The lower reservoir, into w}l_Lc}l the t.ml waters would dl.schm'ge,
was designed for a capacity of 20,000 million cu:bm feet; and the river hed
below this has a slope of about 10 feet per mile. The prospects are not alluring,
owing to the proximity of the coal fields and the high cost of any devclopmen‘c;
B! 3-M). o g
(\[313])7“):}.00)%”0 District.——'lfhe present plant (Sece ’rl‘ablc :2) i1s incapable ,0’
supplying the whole distriet and various schemes (Table 5) have been draw Ii
up for further power. Nonc of these are pa‘rtlc‘ularly comprchensive an
detailed examination should improve on them. The Great Rungeet River is
mostly out of British territory ; the Little Rungeet River with its tributary hill
nalas is in all cases suggoested, and these are certainly capable of development.
They have a catchment avea of about 200 square miles. It. is probable that at
least 1,000 fect head can he obtained with a minimum dlscharge, hfrom the
Little Rungeet and the Kahill N_ala alone, of 40 cusees. The 2,000 foot
contour offers a favourable channel line, and ?hc drop would bhe made to tl:e
Great Rungeet where these stl'eapls mecet 1t, at about R. L. 1,000 feet. No
storage sites (other than for 1'(_3gnlqtlon) arc .probable‘, but power 'to ‘the extent
of 3,000 e.h.p. may be obtainable. Rainfall 120 inches well distributed from
Aypril to October. The follpwmg gangings were made on th.o dth April 19_19,
when the flow was exceptionally low, at points selected ¢ likely to he reliable,
and capable of being combined into a smglc__ scheme. The coelficient locally
adopted has been changed from 066 to 05, asthehydraulic mean depth is
extremely small and the beds are full of boulders and no really good cross
scetions ave possible ; the readings however were carefully made, and the reduced
e re dependable. -
ltsulga{;nan }9 cusecs ; Lodhoma 17 cusccs; Rungriate 4% cusecs; Rilling 7
cusecs ; Littl’e/Rungeet 22 cusecs ; Kahil 7 cusecs; tot_al 105

~(Map 78 A 7 and 8, survey incomplete towards Sikkim).

Duars District~—-In addition to the Jaldaka (q. v.) on the border there
are to the Bast some half dozen much larger rivers, mostly snow fed, 'falh'ng
into the Duars and Goalpara from Bhutan. Tle Amo Chu or Torsa, Chin Chu
or Raidak, Sankosh, Saralbhanga, Manas, as well as smaller streams, all come
from very high ground and must have great possibilitics; hut no maps are
available, and no prospecting has been done. Probably the power sites will he

outside British India entirely.

Jaldaka River.—(or Hidden Strcam). This lies on the border line hetween
Kalimpong (Darjeeling) and Bhutan and f}ows 1}1‘(0 the puars; its upper
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, over the river, which is barely fordz}ble. to men at the lowest water
in April Dbefore 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 S1kku¥ and Bhutan m(':et the Xalim-
pong boundary and a fair.one on the left bank  a mile below. The catchment
arca here is about 130 squarc miles, The streams were gauged in the first
week of April 1919, when the discharge was believed fo be the lowest ever
known ; it was about 130 cusces at thc: junction, where the elevation was f'{)un d
to be about 2,000 feet. The tributarics lower down were nearly dry in March
1919. 'The rainfall is not less than 150 11‘10]195, 'a‘nd the flood (hschargeg are
vast, probably over 40,000 cusees at times. The slope of the bed is fairly

T N
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T}eep ;:IIPO}}g]lOI_lﬁ, down to the plains near Sipchu Ghat (some 12 miles) wher
he e evlatllon s about 680 feet. The upper part of the area has ;1ot bcets
b o r i o =
ig;;z:}@ ed, )But;t ;s probable that a channél could be taken alone the richt
]fstq\i’e 1n} ! ritis 11 terrgti)rgadﬂ} about contour 2,000, to a point near Kumai Tea
state, where a drop of 1, feet or more 1 ’ ;
. . may be obtainable—-but the low
part of this again has not been contoured. "Nei “beds nos the
: ured. Neither the stre
| 31 : 1 d.  Neit rcam beds nor ¢
hills along the route.appear to afford good facilities for even reculatine stor o
hut further investigation is requived. If thi % Impootiontle
o ther investigation i f q - LI this development is impracticable
other (“tith o ot de nbo ,.ﬂr(t)vq 50 ; thelre are several places where a dam
oht Yy} be built to impound a fair lake, and the river
diflic ] g nd the river does
fil\u 5 much sﬂL1 3;01111&113 » but the escape would have to b,e over the d’tmoeq'i‘ll?;
qtol(');ﬂ' é\pp:(l;?js)ol \_(13]%*.;0 aﬁor;ll at least 12,000 c.b.p. continuously without any
$ ge. Ats possibilities are, however, vastly ereater, as i i ulc
1ge. s pos : re, ] T, vastly greater, as if barnessed it w
. }Sntae 011031111(1110(%1 for the teia districts of the Duars; Mr. A. . Abbott of OCf&(\)}ilzl(l
§ : ompany, who arc managine A ' T i
drew attention to the pozentialitiq;suz)ti’ E}liell']' tfs (?f n:lf‘my ackine 1o o, It
until the first rains produce new leaf ; and a%lz(i;x as i?]é)mﬁllimg‘ e I?Ot' e
discharge rises. Furthermor ore ~ L Tl soin, P e
1 g . ore, hefore the tea season is in f i p
fooimgo rises. B ) ca scason 1s in full swing, the snows
o A supplement the cold weather flow i b
! : > ow. It is very probable ther
1 X v | le .
fore that by the time the power would be wanfed there wouldybl(z from 50 01630
. 3

e.h.p upwards available ;” but whether this could be developed at a sirgle site is
b ID )

somewhat doubt{ful. An artificial channel
v > al che or flume of large capacity
}ll(lll‘ndh,(l cuiscc.s) would have to be carried for many miles alonlzr fj]()‘ h(lsl(f‘:?:ial
‘ r:) (zls;dsevczglliargc tmbtllxtm:y dnaltas, and possibly along precipitousoor tr)eftche}osé
ground. As, however, the industry awaits the power the scheme is 1l wortl
sd((;?z;igdlfillaemmﬁlon:t | The submontanc tea arca of the Duars covelrss ;b?)l\lltg(g(?(;
) 5, all within casy transmission reach of the site ‘ illi
%)ogmds of tea arc prepared in a season, requiring the cqtlixrnfélltsgéléii% Dél} 116811
0(_}11{5} gf cfoall, costing at pre-war rz_mtes over 18 lakhs of rupeés. The rrreatel?’) ?;
dri{ Cl;f ] Xm} E;nzbt?l]it(j) 16?11‘31011‘ gen]s, 1ts used for drying purposes, to heat ai “;hic]h{%q
1ven by lans through the leafat a temperature of about 220° Pho e
g(f“iisltlfl‘;nl(‘](;qég}‘led is copsulfrable, but the heating of it eleetr?czfl& gg(;nzgilusn?)?
resista L, 1s a simple matter, already done on as lare sale i '
' mp : ] £ ¢ a scale \
13;1&83 11};)111C d;gl;lgq c(;;l)(gﬁélolni' TheT%OWSr required for this tlj)urposerlis IEIL[;WGO tll)l:i;
S il xact calculation. e district is probably able to absorh
t;’hgle ofhthe power that can be economically developed fro};1 the J ‘11d:'lx])'§n£l{)' t h.e
( ]Lumg t e season from Aypril to December. (Map 78 A. 12, 16 tP';rtxl l:v ‘?i’
able gl_l];t:' scale\:; part unsurveyed on horder of Sikkim and Iihut%n )( v
o ik »1?”'1-—119551?- Burn & Co, Ltd., of Howrah have obtained %arious forest
2 3114}(31& c?ncessmns in Szkklrg, including the right to develop elei tri Sl
gllle‘j'?l ); dl gxsn w aotlelar PE\;‘}P: After investigating a schere to utilize tgo 'I‘ghlli(?g
Chu ¢ n Chu at their junction they finally decid .
t?e Lag{x{apv Pass site, east of Gangtok. ! The s)(;urceI g? pt(())wgﬁv?slog peo;vcr ,,ﬂfl"
§t1cam tomngr from a snow-fed lake at a high altitude and eventuall F fi erg}la
1751]‘_"?13’ﬂ o the Tista River. The site is near a gap on the Watershedy tﬁl} mﬁ
]u ich the stream will .be '(-hverted to the west, without a tunnel. - Tt ’Wﬂlualg
t)1(1) cjz[l{I'r{ecl éﬁong the hill side to where there is a stcep drop of 2 OO'O feet _163(]1
ésfim ;g:d tou (})}iéll‘gh:gg::h% 1_18%)&. hCommunications are difficult, The sitlonig
500 e.h.p. conti g
one-tenth of an anna per unit, (No Il)naps glwl*lzg(l);bs%g )at i overail cost of about
cuSCc’fzs% lefie;‘.‘--Thls is a snow-fed' river with a minimum discharge of 10,000
cuscos. 1 )1e. slope of the bed where it enters the plains is about 10 fect a mi
]gl 2 ’1121 ;151 ; and until well into Sikkim, above the Junction with t(;f aGn:nle
ﬁoxézche,, ;3 séope does not materially rise. The river is subject to eﬁ : o
1oods (1)‘01111 ? ;000 or more square miles of catchment, and althouel c Olbl?ous
l}'ttl( 12115 much power the development wonld be an expensive 01:1D a;lga ’e Qf
010 tle zt’u)t. that a dam Wopld be the only method of cohtrollinw the. flc (llele a
ﬂl?ScS\f(l) 115331111%- a fall (¢.e., its storage would not be drawn on) ;and ?uo 20_ st iy
{his u 1 ;)S uel ‘eligulleemng great difficultics owing to the high minim?l?r&x r(il' o
o0, ming that a 50 foot Lead could be obtained by this means, as 1?;
. ) ?

probable, this would give some 445,000 e.l.p. continuously ; and more than o
3 < ne

such place could in all probability be found. The river in its lower hill reache
: S

may be estimated as good for at least 156,000 c.h.p. el a price (Map 78-A)

APPENDIX VII,

List of Sites in Bihar and Orissa.

Barakar River: see Usri River.

Burhabalong River (Mayarbhang). Mr. (now Major) C. IL Douglas, lato
of the Dritish Westinghouse Co., investigated a power site on the upper
reaches of this river many years ago, having a fall of some 900 feet, and _he
expressed the opinion that 40,000 e.h.p. or more could be developed with the
aid of storage. Itis probable, however, that onlya single gauging of the dis-
charge was made, which may have heen by no means at the lowest time or in
a dry year, The rescrvoir sitc at that time was unhroken jungle, and mnot
surveyed in detail. The rainfall in the surrounding plains is 60 inches, of
which 90 per cent. falls between May and October; it is certainly much higher
in the Mayurbhang hills, which rise to over 3,000 feet, The site has now
been re-examined under the orders of the Chief Engineer, Public Works De-
partment, Bihar and Orissa. It is reported that there are twwo main reservoir
sites which will cover over a squarc mile cach and store some 1,200 and 1,000
million cubic fect Tespectively ; while the first of these, situated below the
junction with the Bukwa strcam below Simlipalgarh, can be increascd 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
be built close to the fall with a capacity of 100 million cubic feet morve. The

" fall itself is 795 feet high but can De raised to 930 fect by carrying a channel

along the castern sido for a length of 2,500 fect, thus confirming Mr. Douglas’
opinion. It is probable that the site is capable of a development of 10,000

" o.p. at least, and Mr. Douglas’ estimate has not been disproved. (Map. 73 J.

8 and K. 5.)
Durgaoti River, tributary of Karamnasa, Shahabad District. At Kadbar

Khoh, 9 miles from the river’s source, there were reported to be storage possi-
bilitics, but the Chief Engincer finds the valley unsuitable owing to the rocks
being much fissured vertically and horizontally. Rainfall 10 to 50 inches
nearly all between June and September; catchment area about 27 square miles
_only. The site is reported by the Chiel Engineer to be wscless, as the
minimum discharge in 1918-19 was only # cusec. The Bichli (Mojhli) site,
¢lose to the former, is equally. useless and driesup entively. (Map. 63 . 11)

Garrhae Nadi, Singhbhum District, at Dutaura, 4 miles north
of Dhirol Public Works Department bungalow on Chaibasa-Moholia Read,
has been examined., There are sood storage possibilities (at heavy cost) and
the catehment is large, but the fallis probably not more than 50 feet. The

flow was 7 cusees in February 1919 at this $ite, where the stream breaks
through the hills. It is 4 miles north of the Haldopokhar Road. (Map 73 J.6.)

Kakolat Fall, Gaya District. This is 10 or 12 miles south of Nawada in
the hiils runping cast from the Job Nadi. An article in ¢ Indian Industrics
and Power”’ says “ At the very minimuwm this may be cxpected to yield
95,000 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
9 cusces in February, 1919. TLarge storage is therefore essential. The catch-
ment area is extremely small and the available fall is only 160 feet. The site
is reported as quite useless by the Chicl Engincer. Rainfall about 50 inches
nearly all falling between June and September. (Map 72 H. 10.)

Ranchi 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 catehment
area is about 260 square miles and the rainfall 50 to 60 inches, of which that
falling in June to September is alone of real value. The minimum discharge
in 1918-19 was 41-cusces. No reservoir can be formed at the fall, but without
storage mo great power can be oxpected. A site for a reservoir exists 20 miles
above the fall and others may cxist. Possibly the fall can be inereased also.
(Map 73 E. 8,12

Kao River, Shahabad District. Above junction with Kudra, at Tara-
chandi. Tlas heen examined and site reported by the Chiel Engincer as use-

less. (Map 72 D. 1.) -



-t
Do

BIHAR AND ORISSA SITES. [Arr. VIL

Kairo 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 catchment arca is over 500 square miles, and the minimum dis-
charge in 1918-19 was 1 cusec. Storage is probably available 3 or 4 miles
ahove the fall, which can also be inereased by a suitable take-off, Rainfall
about 50 inches, mostly between Juno and September. (Map 73 F. 1.)

HMohana River.—Tributary of Phalgu river, Hazaribagh District, 10 miles
south of Grand Trank Road. The Tamasin and IHarikhal falls have heen
examined, and there appear to be storage possibilitics 10 miles above Itkhori
and possibly elsewhere.  The falls ave 50 and 60 feet respectively, and extra
head can be obtained by taking off at Itkhorvi. The catchment area will be
nhout 200 square miles at this site. The minimum flow is negligeable.
Rainfall 50 inches, of which only that between June and October, amounting
to 92 per cent. will be of any realuse. (Map 72 H. 3, 4, 8.) '

Nindi River.—There is a 200 foot water fall at Mauzah Nindi, Thana
Bishunpur, - miles north of Serandag and 10 miles east of - Bishunpur. The
catchment area is about 12 square miles enly, but the monsoon rainfall is 50 to
(0 inches by themap and probably more on the crest of the hills, Storage will
be essential and the site will probably not allow of suflicient to be of any use.
(Map 73 A 7). ' : _

Papaharan River, Padampur Zemindari, Sambulpur District. The
Narsinghnath or Kapildhar fall, 97 miles south-west of Sambalpur, and 20
miles south of Padampur is about 900 feet all told, but the eatchment area is
only 2 square miles with a minimum discharge of about 't cusees. It had
previously been reported that the fall came 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 64 P. 1).

Pluliwaria River, Shahabad. Has been examined at Zibhar Khund,
where there is a fall of 450 to 500 feet, but the discharge is very small and
storage impossible. - The site is useless.  (Map 63 P.9.)

Sankh River—There is a site under cxamination 3 miles from Rajdera,
on the southern end of the Pakripat-Natarhat Plateau. The catchment area

is only 32 square miles with a rainfall of 60 inches, confined almost entirely .

to June to October. The Rajdera fall is 175 feet and it is believed that a
reservoir can be formed above it, inereasing the practicable head by tunnelling
through to the river. There are mines near. 'The .power is unlikely to be
sufficient for alumina reduction, but bauxite is found within reach. The
minimum discharge in 1918-19 was only # cusee. (Map 73 A. 3).

1bid.—The Perua Ghag fall lower down the Sankh River, 12 miles. north
of Kochdega and 4 miles east of Kundra on the Gumla road, is about 23 feet,
and the catchment area here is over 900 square miles. The bed some miles
above the fall is wide and a veservoir site may exist, but storage would be
costly. - The fall is dry except in the rains, being on a loop of the river, but
the main discharge is reported as having been not less than 144 cusecs
in 1918-19. (Map 73 B. 5.) .

Son Raver~1t is stated by the Chief Engineer that any storage secheme on
any tributary of this river might be of value for irrigation for the Son Canals.

Subarnarila Liver..~The Hundrughagh fall, of about 812 feef, is 13 miles
north of Angara at the 61st mile of the Ranchi-Parulia Road and 20 miles
from Ranchi. Extra fall ean be obtained by taking off 4 or 5 miles higher up
strecam. The catchment arca is roughly 500 square miles with rainfall between 50
and 60 inches, nearly all falling between June and September ; and the cold
weather discharge is about G0 cusecs, falling to a minimum of 12 in 19158-19.
There is no suitable reservoir site at the fall, but many higher up, all expensive
however in arranging for surplus flood water. Probably the site is capable of
giving 1,600 e. h. p. or more. (Map 73 E 7, 11, 15.)

Another site has also been examined 4 miles west of Chandil Village, where
a storage site exists rcquiring a dam 600 to 1,000 feet long, to store an
cnormous volume of water up to 100 feet above bed without flooding the railway.,
Here the catchment area is over 2,000 square miles. There is a subsidiary site
lower down, which might serve as a permanent dam to give the necessary head
and two possible additional storage sites further up stream. ‘T'he cold weather
discharge is fair, but the strecam must occasionally run dry in the hot weather,
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i infall 50 to 60 inches, mainl
as the dam ot Sakehi has no flow at lees.'u ]’nmnmll 50 tobi(i’((), Ll;lﬁlét’z,l ;; anﬁ
inec swtember., The site will be very expensive )
confined to June, to Scptember. . 2 usiie 10 D T

- ith waste gas Ir v Sakehi farnaces.  (Maf
the power could not compete with waste gas from the Sa (
3J 1 and 5). . . o e
7 %]3(;'13 Rgucr — Hazaribagh District. At Usti, ab()u]t 7 énlﬂsc()b f;ong Gg.]l)(z];}llr,l 1311)1155
s i Sobindpur road, a fall of about 130 fect 1s oblalii
below the crossing of the Gobindpur road, a oI O e
he juncti ath the Bavakar river is. A good storage site ext 0
where the junction with the Barakar Is. ‘ c site ex thove
and has bclcn surveyed by the Bengal }%ml'{smtl(imt I])upaxjgirglut; ;316(‘102(1)1((;0“‘ )
i : g eoulation.  Belicved to be wor ,200 ¢7 h.
with the Damodar {lood regulat _ b _. Some v
or t struct » neighbouring dam o
‘hich w wseful for the construction of the neig i ]
e o o ‘afall of 50 inches 86 per cent. is duc to the
1 ¢ the total 50 inches 86 per cent.
Barakar River. Of the total rainfall ol o0 1n or_Gent. 18 0 U
June-Septewber monsoon.  The proxiwity of the coal ficlds renders it unlikely
that the fall will be used. (Map 72 L 8.)
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Blatsa Ricer.~There are said to be falls in this river at the site indicated
ncar- Shahapur, but no details are known except that the vainfall in the
catchmont of nearly 400 square milesis very high, probably 200 inches or more
in the Ghat avea, from local information, though there are no records of the

Mcteorological Department there. Tt practically all falls between June and:

September. (Map 17 B 7.) :

Gangavali River.—The Magod falls on thisriver are said to be 800 feet high
and havea catchment of about 280 square miles with good rainfall of from 30 to
75 or possibly 100 inches. No details as to minimum discharge. The rainfall is

heavy during June, July and August, but there is generally a fair fall in May,

September and October also. (Map 18 J 9, 13 ).

Igatpuri,—Western Ghats. There arc possibilities of a further storage
projeet here (site not identified), but it is uulikely to be developed until the
present Tata schemes have all materialized (Sec Andhra Valley ; Nila Mula ;
Koyna). Rainfall 75 inches or more, and over 100 in parts, nearly all falling
between June and September. (Map 7 E )

Indus River.~If the proposed barrage at Sukkur is built there may be
considerable power available and high level irrization may afford an outlet for
it. It is too carly to discuss this. :

Kalinadi River.—The Borkund falls are said to be worth examination; also

the Vincholi falls, and lower still, the Lalguli falls of 500 to 850 feet according
to length of canal. The catchment is in the high rainfall distriet of the
Western Ghats, ¢iz., 100 inches or more, and is about 280 square miles in arca
at the junetion with the Dogi, near the lowest fall; but the minimum
discharge is not known ; it was 200 cusccs at Lalguli in the summer of 1905,
- date not given. A fall higher up the river, near Londa,.is also believed to
cxist 5 probably this refers to the rapids at Supa, which have been surveyed for
power required at Dandeli, as proposed by the Conscrvator of Torests, Southern
Circle. The’arca has considerable industries, and the tail waters could be uscd
for irrigation. The Executive Engincer, Kanara, estimated (in 1905) that
with storage the Lalguli falls were able to give 60,000 e. h. p. but further
investigation is required. (Map 48 I, 7,11,12). _
Loyna River Project.—This is already entered in Table 5 as having been
investigated by Mr. A. T. 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 feet, giving 800,000 c. I p. continuously. The water
vill be tunnelled through  the watershed and the head is 1,600 feet.
Rainfall said to be 150 inches, though shown onthe 75 inch contour in the
rainfall chart; but the precipitation at the'edge of the Ghats is extremely high'
all along. (Map 47 G 10, 11, 14, 15.) =
Malaprabe Riz‘gr.—Belgaum District. There are fallsin this riverat the
point indicated, but no details are known at present. The catchment arca is
about 250 square miles and extends through the zones of 30 to 100 inches rainfall,
which mostly falls hetween May or June and September. (Map 48, M, 1.)
Muyla River—There avre two rivers of this name. One is dealt with
under the Nila Mula Project below. The other rises in the Trimbak hills,
which have a rapid drop from about 5,000 feet clevation "down to 2,000 feet.
The catchment arca at the site indicated appears to be alout 180 square miles,
with a monsoon rainfall averaging 80 to 40 inches but probably far higher
Ii‘}n the upper reaches; it is confined however to the monsoon period. (Map 47
11, 15.) ’ ' i
" Nila Mula Project.—This is already entered in Table 5 as having beep
investigated by Mr. H. P. Gibbs. The catchment area is 111 square miles in
the Western Ghats, and the proposed Nila Mula Lake is estimated to have a
draw-off capacity of 18,000 million cubic feet, giving 150,000 e. b, p. for

8,600 hours per annum, so that for tabular purposes the power may be givenas

- 75,000 e. h. p. continuously. The water will'he taken ‘through the watershed
in a tunnel and the head is 1,700 feet. Rainfall about 150 inches, though on
the contoured map it is in the arca of 75 inches. (Map 47 F 6, 7, 10,11.)
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] 5 ter the new Bhatgar Dam is
] al Project.—Poona. SeeTable5. Af ; at n
builtzfziazhoglnore pi)w{'er will be available, especially if the Vir Tank is enlarged

to pick up the tail waters and storc them for irrigation.l '-géle {]ng) falls or
a pids also appear to offer some power for 8 months ; sowe 1,70 ¢. 1. 1.‘. ) and
i Pravera River.—Rises in Trimbak hills near the Mula ?)?m'el (?‘d" ) ;nd'
has the same characteristics. The ]?\a]nda falls J?ave aslii)ut ﬁ?efz(izte ;(;}ppm
i 5 ontinuously. Hyped
are said to be able to give 3,500 e. h. p. co timously, The Site ik,
romising he maps, and the monsoon ramrfall 1s sa ety high,
gg};}: 1;131(1)at0f r20(1)1(1) ti;l:mghes.p The catchment at the): point indicated appears to be
— iles. (Map 47 E 10 and 1L.) ‘ o
abou%%giig}(lzze %live;'.—~(])ist1rict Canava. The Gersoppa falls on tl}lsp du\i‘gf
bhave a drop of some 800 feet, and it is beheve(}ll tl%eir1 have b_(ﬁl} ex\gén;n]heQ o8
g ails have been received. The falls are within =
Do S ear onth bour, which i der investigation as a port. The
' Bhatkal Harbour, which is un g rt,
thgnss%%gggiﬁi?:fl is lfrom 75 to 100 inches during Junc to SeI_)t(fmhe‘lt 101% 3;2
gzlltckment of about 150 square miles, and reaches 150 inches over par

ea. (Map 48 J 12, . e
Ghat;{lﬁié R(z';erl.)—-The Lughington falls arve said to be 300 fizelt{ h]gh’ﬁgligéi
worth investigation as no discharges are known to have been qa 83).956 onsoon
rainfall between 100 and 120 inches over a catchmen’a cif_pm waps 2 |
e e R sner: n}flﬁ’ be fows, t@ﬁ%sﬂsnf %lllisall?iverd.z)lt the site indicated

Vaitarna River.—There are waterls , Hhis river atthe S e rainfall
. ap, north of Tansa Lake, hut no details are availe . The rainfed
}(Jz';lssl,ltivmﬁétween June and September) is upwards of 75 inches and the catel

ment of the order of 200 square miles. (Map +7 E 2, 6).

Canal Falls, Bombay.
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Tt is possible that these falls might le combined, no information is available
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Combinations of falls are apparently possible here also. y



APPENDIX IX.

List of Sites in Burma.

 cAnisakan River, Maymyo, tributary of Myitnee e Deitd: i
31}3511'1\:§r }:121\'6.{1 drop of about 1,000 féet, almost gheerrlzll(l);vg,u;gg YZ}-‘,:(:’ infaus .
ql;glllal;fetllf Sal.dl t? bp;bout 2 cusecs in May. The catchment area i?‘ml};h
swall ,hfwé 1(13021( 1;31 of -O'squnre miles. There are possible reservoir sites th%ﬁirlf
these h; re Itegen | s}l{veye.d’ close to the falls. One appears to be ,30 to 10
; cres in ax a.\T is p(iasEble that other small streams can be diverted into tﬁe
catelunc t' 1 lf canal is required gnd a short pipe line only. There is little

oubt that such power as is required in Maymyo can be obtained at sonable
fgéi g;(?lgﬁtl;;sl 1;20‘]tect% f]?o EOH p%rhaps 500 é.h.p. The rainfall is rfﬁi%’%algg
shes ; 96 el cent. ol this falls between April and November, a ssideral
;};i gf—oc? teﬁ will %)le ﬂrequ}red from stora‘ge, especially as crop; aﬁi%;:gﬁfﬂ?ﬁgg‘l]e
muost of e\ililxlz} 0w in the dry months. The stream is also called Nad olr)
aung.  Minimum discharge in 1919 was 2 cusecs at Ht v Sedewe
Olan 65 ¢ 5) S ¢ onbo near Sedaw.
Balu Chaung; See Laimaw River.
g({ilr Chaung—See Tavoy.
A can  River.~Tavoy. Mr. Cros y
Bl}rn}ese Wolfram Co., has located an ?11,3%0 Ogootéhefagogghetlﬁl e e
gaug;xgs arela{[ailable. (Map 95 J.12, K. 9.)
beraard Hyo River.—This river, 9 miles nort Mogok, i i i
;'11[ ngn{d;nl{)m dl%charge (due to springs) of 20 to 41%1 Zi;é[é); O];hils {falgooao 1ua i
b; ec n10 ets..emral FllO}lS&D(l feet in a short distance. It runs iutg the (llg'p’
haung, a ributary of the Sweli, and is probably capable of 8,000 b
or more. IRockis gneiss and limestone. Rainfall between 100 and 50 ; oy
of \?'hxch 96 per cent. falls between May and November. The ¢ tmh v
1s ﬂ.)—()z;l.té 121?E square miles. (Map 93 A 8) . crement area
Gilin River~~South west of, and on roz ; sai
.eXammatxon.- An isolated river: with sevglzdmtcg)l’ltliz’ll;'gﬁl%alslmgf t(]).O(l))e Wor’th
mvcll%es over its catchment and 5 dry months. The drainage area abo %9_ .
(which may however be near sea level) is about 600 sqouare ‘miles VeIt 1;1121111’
. 'uns

nearly dry for 3 months, so storace w :
ansrveyed.) storage would be essential. (Map 94 G, but mostly

g;za zfggmagyi. See Madaya R.
. he .lzazuzg.—Yaw~dist1'icut. A promising gorg i i
-dlscha'rg:e is .foungl 4 miles‘ above Yesh]inoviﬁ:flgz, Zglileﬂ; 11‘?’}11;)1::13 1%:)121(3 perennial
e %{lclélglfoic}f Ithrver.——Trl})utary .Zf- DIrrawaddy. Kanti Fall (pres.umabl at
diccllz{rm t 1at name, latitude 25° 58/, longitude 95° 45%) is said to héy
scharge of about 3,000 cusecs in March and a fall of 30 feet. Tt is wid
g?}:gn{)y, \v1t1h rock soil, but is said to be the most promising sit.e on Itshén "W[I-&
N ot T 10400, o bt e af bt e
v orfh investigati i :
%reat, probably 5,000 square miles, with ra&isf;iasi:?;lﬁt 7q;3hie clatchmgnt v Xery
ut unsurveyed). aches. - (AMap 83
Leho River.~—Beyond Kalaw on the road to Yawneh i
AT we, Ther ‘e -
; l(;é 31 g?lpbe(; tailﬁl’ealsr;;(l)st“i;?ﬁ x;aiégfranr:ostély cfultivated, evidently an olil 11;]%:1: i)eeda
! ¢ , Wit 'ops of inferior . The ar i ’
; ?lilﬁyl (av m:nalld part only of the catchment) may bge;}fout 2h($ :cigzreoj;nitlhls gat
g u:;‘eo“%l eg_ s whgre the dramage_ escapes, there is a smaller flat of a%s’ t o
;};101;] ei?}lll ea( lmnensums not determined) partly enclosed by spurs comilgc? in
fom ot 511;11.( e. tAt the south west end of the large valley a big spring cor es
furough the dmtlesbone and feeds the nala that drains the area. ° The discl nfs
1(53 o ate tl0 :(; 150 cusecs early in February, 1919, and was gcauc 131‘06
found secs on the 28th of that month. Tt was again gauced on 28th A u‘,',e "
d to be 64 cusecs, which ma ¥ o T apeapth April and

. ) Be _ v safely be taken as near £ ini
At the oxit through the hills into Yawnghiwe, from the s&aﬁlﬁ?soéggerﬁgigzlu?
ved to

above, there is a rapid series of cas ivi

bove, I8 ¢ s of cascades giving a drop of 672 feet i P
ﬂi;ﬁrglﬁtﬁ 111,3?8(5)’ f(%fzstt,qlzlléz 1(t: hls beheved1 fhat there isla furbherei?;lluéglllt)o(; lfze%%tgll'
, cas ance, the survey having terminated at t} »
The nala flows into Tmle Lake. The ground on either side of lt%ef%gtil()fi:h‘faafiig;

L an undary
18 river, but no
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good and is suitable for a duct, and the pipe line would be reasonably short. A
small regulating tank could be made at the head of the fall and a reservoir of
large size above this could be scoured out hydraulically when power is available.
Possibly levels may prove that a dam at the head of the fall would impound a
considerable volume of water in the small flat valley without flooding the
Jarger valley. The cross-section at the dam site is very favourable so far as it
has been taken, showing that a height of 25 feet above water level could be
obtained with a crest length of only 240 feet (much greater height is practicable),
with rock on one bank and, almost certainly, near the surface on the other.
As however there isa 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
land in the larger valley. Ifhowever 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 embankment
being constructed at the neck across the smaller valley. Thus, suppose the
main dam to be 80 feet high, giving a water level at the neck 10 feet
above the stream level. Then the pumping through the embankment at
this point would only require ahout one-thirtieth of the total power available,
based on the relative main and pumping “heads’”” If the nala were liable
to violent floods such a scheme might prove impracticable, but this is not the
case. The total catchment area is perhaps 150 miles, with an annual rainfall
of about 40 inches, of which 97 per cent. falls between April and November.
The great flat spongy valley involves a very slow run-off, and considerable
evaporation from its swamps, so that the stream (and examination confirms
this) is comparatively even in its discharge. It may be hazarded to average
1ot less than about 150 cusecs throughout the year. Before the amount of
storage which can be obtained, and the steady flow which can thus be depended
on, can be determined, further information is required regarding the actual
rainfall and run-off and the capacity of dams of different height with their
corresponding embankments., It is also necessary to survey both banks for the
best location for a channel from the head of the fall to the point where the
pipes would be carried down to the power station ; to survey the most practic-
able pipe line in each case; and to determine from these which bank should be
used and where the power station will be located.

Phe minimum flow will give some 3,800 e. h. p. continuously, which would
allow a plant of about 8,000 e. h. p. on ordinary 12 hour working. At the lowest
estimate storage coupled with the much greater normal discharge would give at
Jeast half as much again. The scheme appears to be a first class one of about
10,000 e. h. p., which would not he expensive to construet, and 1t should
be fully investigated. There is, however, no likelikood of the power being
required in the district unless an industry is founded on the power. The
Kalaw railway will soon be extended up to the site, and there is considerable
traffic awaiting it. The site was oxamined by Messrs. Barlow and Meares and
subsequently discharges and a preliminary survey were carried out by Mr. I.
A. Clift, Executive Engineer, Taungyi. (Map 93 D. 10,14.)

Heinza Chaung.—Tavoy. There are falls “of great height and volume ™’
north-east of Yebyu.

Indawgyi Lake~This has an area of some 10 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
available fall is not known ; nor is the catchment area and rainfall. (Map 92
C. 178
IBrawaddy River.—TReference has already been made to the British Water
Power Committee’s remarks on this catchment. Having scen their figures M.
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, vid 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 99 feet in the deiile
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-

a2
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kina there is doubtl : ¥ » avai
prohibitive. ess great power available, at a cost which is likely to be
Lainggy: Ye Ta Gon in tl ne i y
Hsip}x_vzhazs beJc)n mentioned. (\ap 1963’ Tll’ém 7u)t,let -circle of Monglong sub-State,
Laladan River—Akyalb. The uppe,r reaches st
‘ - M 5 ‘t ¥y $Yeye
Elheb czéttclinn?nt area 1s over 5,000 square miles at K al:ndegnt(ivlllltg‘zetlpoi?'blhtws'
in, 1 ut the elevation there is unknown. Rainfall 100 inche,s 97 cent. falls
in 8 m’onths. (Map 84 B. C, and G. unsurveyed.) » 21 per cent. falling
é«lonta Gorge—See Tavoy. h
elaung River.—Mandalay distri i
Wetwu, andalay district. Said to be worth reconnaissance near
Lin Chaung River, tributar Shweli,
. , s ary of Shweli, near Moeok. Abov :
;11?112 qWlt_lli {Scll}mrd Myo (q. v.) this has a good catchment of al‘)oli:)txifl3 Qt()%e N re
miles, ine t’llu ing the Bernar'd Myo and Konwet, and a eood per il dis
Ihe} ge, \;1 h se.x:eral places s§1d to have a good drop also. bBe]on? tllfm'ual e
'lboilet 15056 St% élt 1‘1‘]3;3* ilf% V}‘ hefre t}he Kin Chaung crosses the road tl?el}l{,nclglo'n
about reas 3 miles further up it appears t 100 foot.
La}nfal}, about 100 inches, 96 per cent. falliI:lI:r bestwge b%Iabom; 1,100 feet,
(Map 93 B. 5.) S n May and November.
Konwet River (near Mogok) i i
. ar Mogok) is believed to have : nni
r;gse%cs] axgd a drop of Q,OOQ feet in a few miles. TFrom t];leplg;bn?};al .itflow of 20
g od, bJu the catchment is not known. If the streams at M 01;0* e't;S1 W P
ergna(vlorl)lt‘wt?hsqfére miles, but this has already been iAnclutc’IIfjand1 Erl}alliillt ot
S bttty iaang. e siver foins he Muik, () a ributary of ho
Shiwel ably g ) ALp. Rainfa i :
96 pe%%alté ]falls be']t%ween )Iays and Novembbei'. (Mzi?%%t; Ol?eflxgcslafz’trgflc‘)V;HCh
~HAun Chaung, Toungoo. Said to hav ibilities e Sin
kadin ,has falls which arg believed to 1;2V31'g$§;?;litles. Tts tributasy, the Sinmas
éyan kpyw Chaung.—See Tavoy. =
aimaw Biver.—Or Balu Chaune enters Iml
. ! ) e Lake nes i
faldthto' h;ue a good discharge and t;nzmy rapids aboute’Ymta-;rl(;[I;l(llfl?Z? s
»;:))u_o-\} eshend of ‘fhfa Lake.  Considered capable of 2,000 e.h P RS i r?nﬁ Che
lcatghn;éllft e:ir gf jl‘p];:g}lrsgiop%l Celit. félll; %etweeu April and N 6veni%t31:' ’ ’l‘ﬁg
‘ aren appears to be about 370 square mil v
%ut‘ ?ﬁe A‘tlas sheets. show some of the streams (zlzpparezlllﬁ; Sﬂggiég lshfh valley,
or . is reason many of the catchments may have been wronoly esti Ot Ny
can be checked by larger scale maps later on. (Map 93 D {134}1'h mated. They
Lampar '_RZDL’)'.—Sal.d t‘vo be perennial with a larce fali 15
Lenge Chaung, Meiktila, Div. Minimum discharge at Prwey 5
cusecs on 29th April 1919, 8¢ at Fweya 5o was 275
Lenya River, below Meroui; said to hav i |
. .2 - 3 ¢ V yer i :
.}GO inches, lasting from April o November, wit]i apcoggllmitgg. t lgamfall about
700 silluare miles. (Map 96 I 15, 16.) . ab Zenya of some
Madaya River, or Nam Pai, tributary of Ir i
. Ly 3 /¢ Ia . ini
discharge in the hot '“'eaf;her .of about 4:0%)7 cusecs Izzzgdl}iangﬁ: has:?{'mmlmum
s\gme‘ 10 m11e§, _the river is said to have a good slope, so power s);o ldll%her o
];) car Mogok it is also said to have a good discharge and rapid f Ifl P fpund.
_\_emee% z‘ones 40 and 100 inches, practically all falling betwei,n. Ml;{amfall
1}03'211;1 e{é' The catchment area at Gwe Kyaung is about 1,200 sqr  and
| at the altitude there is not known. The minimum discharf;'e in 1%3)1.8 mll?s’
cuaeci on t.h% 19th May at the headworks of the Mandalay C%nal M o 950
" j{czg..ya Chaung.—Tributary of Madaya, 45 miles from Mands 1(A .a p93 B.)
2 1e1 mmﬂ;};r streams near had a fair discharge (about 50 cuseisay', s and
Spi( p%ssg ly _several could be run together for a fall 2\’ - Mzu:ch
~\1 e not identified. Elsewhere the Chaung Maeyi is identifi o details,
Madaya (g. v.) S Sy identified - with the
Man River, tributary of Irrawaddy. This is saj | ‘
¥ ! . : . is is ¢ , NI
'g.elo];v :hg%tpe but is very little known. v It is ne;;%}ll% ﬁolzla}f;%ine IZIOSSIbIhmeS
Tgic 31g§5 and may even dry up at times. A discharge taken ne %as lesg,
5: ?aaﬁ’ - d;lll%)es ab(t)vg Atlngma weir, showed 40 cusecs on Kpr?fa;tha?lr%%gl
A i uy be got by tunnelling through th Iy . - ’
| unhealthy till J anuary and of doubtful value. ti%;‘fiagfiml'lslhgg’i:f ils pelieved. Very
a catchment at Ngape of about 250 square miles, (Map 84 I, Scazsd_ 0{2n)mre over
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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
come 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 Bngineer, found a dis-
charge on the 9th March 1919 of 14 cusecs. The minirmum, on 12th May,
was b cusecs. The catchment is only about § square miles. Reservolr 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 40 inches, of which 97 per cent. falls between April
and November. (Map 93-B 2,3, 6, 7.)

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

Manipur River, tributary of Myittha. Subject to high floods, and has a
quick slope, but in very wild country and unlikely to offer much steady power,
though stated to be worth 4,000 e.h.p. Rainfall 30 to 100 inches, over a

.catchment of some 4,000 square miles, including the considerable Loktak Lake,
near Imphal. (Map 8¢ E. & F,, unsurveyed.)

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

AUindon Chaung (or Mu) River.—Tributary of Irrawaddy, Thayetmayo Dis-
trict. The upper reaches of this river are stated to be worth examination, and
good for 2,000 eh.p. The lower parts arve navigable and useless for power. The
Sainfall varies from 40 inches up to 100 near the watershed, of which 95 per
cent. falls between May and November. The catchment arca above Mindon is
-about 600 square miles. Discharges are available from 1893. The minimum
-on record is 95 cusecs at the Shwebo Canal.  (Map 85 1)

Minnaw.—A 30,000 horse power scheme was mentioned, working on 2a
980 foot fall, but it has not been identified so far.

Aon River.—Tributary of Irrawaddy, said to be perhaps worth prospecting
as discharge is generally good (scldom below 500 cusecs) 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.up. was suggested. From
Kyion downwards, above the canal headworks, it is believed that excellent
veservoir sites can be found to carry over the low water period, and from 2,000
to 10,000 erp. can be obtained. A discharge taken at the end of April 1919,
gave 279 cusees above the Dwe junction and on the 5th May £50 cusecs at the
canal headworks, Mezali, 40 miles lower down. Reeular readings are taken
here. Some of the tributary streams look favaurable on the map, especially one
which joins near Dwe. This tributary joins the river above Paiksok, and
carried 48 cusecs at the end of April 1919. The total catchment here is about
800 square. miles. Rainfall in upper reaches 50 to 75 inches. (Map S+ L 2,

3, 7). .
)E[onghang River~—Southern Shan States.
exists here with a fall of several hundred feet.
-of Taungyi, a cart road existing as far as Mongnai.

probably on map 94 L. . e
Iloulmein to Pegu—~The hills near the railway are said to offer possibili-

ties by running through the watershed from reservoirs on the cast to the coast
side. ~ The rock 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.
J}u 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. Probably 3,000 e.h.p. could be obtained. The lower reaches
_are at times navigable. Rainfall 40 to 75 over very large catchment (of the
order of 10,000 square miles), bat concentrated into about 6 months (Map 84 1,

‘mostly unsurveyed.) .

Myitnge River.—Tributary of Trrawaddy. There are falls above Theebaw
~xwhich could be increased, coupled with good perennial flow. This river is said
o be * full of power sites.” The discharge in March was about 10,000 cusecs

A natural limestone tunnel
Tt is about 150 miles south east
River not identified, but
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in the reachies near the Mandalay-Maymyo Road. Some 25 miles further up

there is said to be a promising ¢ hair-pin ” bend.  The flonds rise about 30 feet
T

and a dam would be most difficult to construct, but a tunnel across the bend

appears simple. (This is similar to the Sutlej Scheme.) The tributaries of this

river are worth gaunging and examining, (See Nam Tu, Namma and Nam Laung

below.) The rainfall over the whole catchment of some 8,000 square miles at

the junction of the {ributaries named is probably about 40 inches. Minimum

discharge in 1919 was 6,360 cusees on 1Gth May at Kimbet. (Map 93 B and )
Nandaungya Clhaung ; see Anisakan falls.
Nam Bt River.—Tributary of the Nam Laung and the Myitnge,
60 miles ecast of Kyaukse, said to have 1,000 feet fall and a large discharee,
By making a dam ov tunnel the river, it is said, could be diverted across to the

Zawgyi, through a hill, to give some 6,000 e. L. p- Rainfall about 40 inches of

which 949 falls between May and November. The catchment area at latitude
21° 35/, which is probably near the Dlace referred to, is about 1,000 sq. miles.
(Map 93 C 10, 1.4 with G 1, 2). -

Nam Kew, falling into the Salween below Na Hang. (Map 93 7, 11.)

Namhwe Lake, north of Yamethin. There is a project here but no details:

are known. The Executive Engineer, Meiktila Division, proposes to examine it.

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

Nam Laung Liver~Tributary of Myitnge.  There is said to be a
vatural 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 catchment at the junction
mentioned is however about 3,000 8q. miles. (Map 93 F 4 and 8).

- Namma River—This joins the Namtu (q- v.) below Mansan TFalls, and
some 12 miles from the junction there is said to be a site with a fall of 200 feet
and a minimum flow of about 600 cusecs, cquivalent to 11,000 e. h. p. There
Is also a possibility of making a large reservoir a little distance above the
natural bridge that gives the dvop in this river. The rock however is limestone-
and may Dbe fissured. A further site 20 miles due west of Hsipaw was
mentioned.  Coal (poor quality) is found near this river and there is also
iron ore. Rainfall probably 0 inches. The catchment area at Namma is
about 400 sq. miles. (Map 98 F 10 and 14 and J 2.) The Nam Hawm or

Namhsawn tributary on map 93 J, 3, above the junction with the Namma, is
also mentioned. :

Nampai River.—See Madaya River,

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

Nam Pawn Liver~Tributary of Salween. Navigable up to latitude 19°,
but has a large perennial discharge and probably has'rapids in  upper reaches.
There are falls between Hsataung and Karenni, but not of great height.
Rainfall 40 to 20 inches. The catchment 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% falls between
April and November. The catchment area above latitude 20° is about 2,500 sq.
miles. (Map 93 H 11, 15).

Nom Tay River—Tributary of Salween. Said to have good discharge and.
high falls. No details. Site not identified, Possibly the Nam Tang (9. v.).

Nam Tu River.—Tributary of Myitngye. Already being developed at the:
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. Tmmediately helow Nam Tu the low water discharge is.
estimated as 15,000 cusecs and a fair head may be obtainable. There is also a
possible site 12 or 15 miles above the railway bridge over the river, accessible
from Hsipaw. Near Hsipaw where the Nampu (?) Chaung joins the-
Namtu there are said to be wood possibilities and power may be wanted.-

o)
At Makyeng some 83 miles above Namtu town, it issaid that 1,500 h. P can.

' s ar 1 and would
' d, but the falls are mostly smal :
‘]ljga;llfga%llog%out 40 inches with a catchment area,
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be expensive to combine.
at the junction with the

i ‘ d F).

N 5,000 sq. miles. (Map 93 B, E and 1 .— e
) an{%;a?;;:gug t?eam.—-—’ll‘haledan l*‘ca'lestIResem('led.y ‘32;21 bt;nl?ac: ;1)012252%1321?.
' i : ¢ or 40 from the lrrawa nk,

%)81513112113161 r(;llf)lt]?i?:al};noin the hot weather, but a drop of 1,000 feet or more
] o}

available. . -
e Pang River.—Tributary of Salw
.6 miles, at a point 2 miles south of the
of some 600 feet in a series of cascades.

(Mapl’?tiliz;zg River~—Tributary olf Myitnge, a?:f;)::rle rlejgéllt‘f(];;ll, S%:Zalélgss% II;;
i -ell worth prospeeting, as thereis a n ' . o0
.55&2%1105 22&?1113 , ‘t(l)lle i'c?ck lrl)owevzi' is mostly .hmeiton% &‘IE'do Ssiloli?di.degil?icel(llm}?s:
y 0 & 900-foot fall were mentioned. —[Position , but
101;01{)0&%10;1 i‘Coccilail?lodra!’) 000 e. h. p.or more. It is believed to have been surveye

p D 3

o e Acch-
lready either by Government or the Burma Railway s,1 Ln?lltid.of 'g.‘ﬁlee Zfl{::’ﬂ’vi
a 1eat Cyannot be traced on the Atlas shcets', but incluc e§ -mP i the 2 toclo
@ ) and is probably over 4,000 sq. miles at I{y‘ﬂl}I{SG. Th.al pfall 30 1o 1
(x 1‘;7'% Discharges have been taken from 1909 onwarc Si o en:l ‘mbacusec&
i)nz y en Degember and May varied fairly evenly betw een\f ’ §l 5
Ae I“{oiv of 5%0 cusecs can generally he depended upon. ’(L ap 3 Q). i nation.
Panlang River.—Tributary of Sittang ; also said to be w 0: ‘beeli mination,
Tt is app‘xrei{tlv near the previous entry, but the site has nof
' "toc?' | 3 e N‘Y‘Q)('nw:)f
as }e;a Jz(c?zl-})pag:;iwn .;=<))ml.——~Neay Yedagon  hill '%ﬁlcfglol(;gbféréttll;;;}(i?DL 0
about q[() cusecs in February;r andTmay have E:lsfxl}treh%lgé%lit’tle power,  sufficient
; y y DiT »—Near oungco.  Md ave d Dl ) :
Patlhcc]laczgzg(;)l(’)towé h. p. ?) But there are MO reservoir atest{m(}géh%
for llccf‘ 1-;1;1f"trrre_is small. - The rviver however is con.stz?mtly fnf(l)l()lot% 9%0
Weaflmiln*(vtstif;aﬁon. Thandaung beyond here has a 1'&1111:1_1‘1 0 o n1011£11s,
WOclhbels between May and November, but pmcn;?ally none in o
:Illd tho catchment is quitessmz}f‘l. (Map 94 A 12).
ung.— See Tavoy. . . 0d as
liizzl(illgéllaelvogfta]?uggu Division. }Minimum discharge at mile 12-6 was 3
3rd April 1919. _
AOUSCOPQ.H %?Uﬁ,lﬂl'l‘igmtary of Irrawaddy, flowing from Popa Mog;%g& oig
d isozlifbtted voicano (4,980 feet) seen from the Ir?awlz)xddér igrgm mile;s AR
%11 n(;vfmnoa The catchment area at Magyigon 1s abous t} (111 jniles ony s
elgi};tigfltherz unknown. There are numerm{slsprlmgjpogt ! 1fe; irl il side it
ibi iev lected to give a good discharge ¢
g tasi;)f%l;‘lsglcoull’-(zibnef;ﬁ 30.to 50 inches of which 96% falls between May and
o h & . . | h
. . (Map 8404, 8; P 2, 6). . el
Nov e;l}jze]%(.m g%zz?g —This is perhaps the same as ilheIPm ; 1({;(1.]}155,5 a perennia
o : i t, from the Irrawaddy.
i and a good fall 20 miles by carb from the . "
(dlsch;fﬁ:: Ever,il‘ounqoo. Said to have possibilities. 06 cusec on Sxd April
,P;z'npongyi Oh. Pegu Division. Minimum discharge cus 2
V i —‘.L. Al . . - t
1919:S’agi£l 1ZIEE;LELS‘.—--'I.‘ributzu:y of Irrawaddy. Thisis said to l(zel of ?\f({liﬁfise\?coi}gh
f thea tributary which runs from Kedakham towaﬁ'di .Iém.m%sa égé, hich s wory
Toc v re i ite information, but 1t 1s st ‘
i here is no definite informa , :
‘recognalss?]nce. g\éift Victoria (10,085 feet) appears to feedﬂ tthhls alh()lut;};;
¥,Qof lf is il.lli):ile 50 to 100 inches zones. The catchment atrlea- of Streqm faxy
in qu tion is about 400 sq. miles. A discharge taken in the ,ma(lln ? Ct‘l . near
m q‘}_es 1311101; 20 miles above the headworks of the Myaungma 1&1“ :(ectf;om
%\11111(%11;1 ;éﬂgobll ‘of 1919, showed - cusecs only, with an additional § cus
18 3 1S Vs _
- Map 84 K 4 and L 5). ) » o
the M“-é' anggegli.ﬁfﬂwab District. There is a mainfall of \117 feclfi 1321(-1
fga%”glf'&z;bo‘ an 66 feet helow Buthidaung and 8 miles from the May 1: very
Oﬂleilus ?alzzll)(?thlof 1.000 feet. Minimum -discharge about 1,000 cusecs :
a ¢ g > |
B e itosn i ids about 100 miles south east of Taungyi
i River.—The Hateyi Rapids about th ec Taungy
1 fggoﬁlﬁg ggi'th of Moulmein, some 40 miles above entry of the Yunzalin
-anc C ‘ -

een, Southern Shan States. IE ab’%)ulti
Taungyi-Kengtung road, there 1s a Ia
The stream is of considerable volume.
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River, and below the mouth of the Thaungin R., are believed to be éapable of

great development ; the possibility of locking the river and making it navig
for boats for several hundred miles further:itp was also raised. A fall 0‘1??7;(1)th§
300 feet is believed to be obtainable (reports are conflicting), and the minimum

discharge is stated to be over 1,000 cusecs. Another report sa i i
ge 1s sta, , secs, . ys there is a-triple
fall of 20 fcet in 300 feet length, with a discharge gemlerallv of amillion c'illéle)cz

—presumably this is in the rains. The flood waters however rise about 90 feet
Lime is obtainable. There is a cart voad to Mongnai, and pack transport musf:
be employed beyond. Dlay be considered worth at least 6,000 e 1;1 )., but
would be very expensive to develop. The catchment area is’ enor.mo.uls.’ and
covers the whole gamut of rainfall ; and there are said to be more many rapids
higher up. Above the mouth of the Yunzalin there are said to be many sites,

especially § or 10 miles above Kammanaung, which is accessible by boat and,

elep}tlantt. IHerelill canal a felw miles long, which the banks would allow to be
constructed, would give a moderate head. (Map 94 G, square not know
0 (A ot known
probably unsurveyed). ! $ own, but
- fS.awckamgg.-.——X aw dist. The gorge 4 miles above Sawand 75 miles from.
eikpyu can, it is said, be dammed to a height of S0 or 100 feet. Thereis a
good flow in the dry weather. .

Shweli River —~Tributary of Irrawaddy. Said to have a dischare )
cusecs in April, with a drop of 1,000 feet in 5 miles, (highest fall ﬁ?eoﬁfe{l’s%%(z
34 feet) 20 miles below the large swamp or lake near Selan (R. L. 2,400 feet)
The lake land is too richly cultivated and valuable to be dammed. “There is
granite rock in the district, and a good reservoir site exists higher up the river.
May be worth from 300,000 e.h.p. upwards. Rainfall 50 to 60 inclies, over a
catchment at this place of 2,500 or more sq. miles. (Map 93 E 6,9 an’d 13.) ‘

The upper reaches helow Namkhan and the Kyanktak 1
L ) H 14 ye a]\era)d are ais
llzl_ellllhoned as well at the Nam Chit falls on a tributary, said to %el SS(‘;;)Q ;2:3(2
igh. ) |
Sin Bo Sin Ma falls; See Tavoy.
Sittang River.~There is said to be a zood i :
itta s 8¢ a good power site on the head waters (%)
of this river north of Pyinmana near Yezin village and near Taunﬂl'm('o)
l'grther nortl_l, 20 m_xle.s due €€1:St of Yamethin, there is said to be a fall of gbéué
1,200 feet, with a minimwm discharge of about 50 cusecs, which can be supple-
mented Dby storage with considerable bunds. The possibility of tunnmelling
tl_n‘ough to another catchment was mentioned at this site, in which case the
water would be useful -for irrigation. The formation is limestone, but hieh
mud bank§ have Dheen wused successfully for storage in olden days. " The site is
g;(g):z\pol‘\egl %gtlh a,((});)g 1e. h. 1;. Rainiall 40 to 50 inches nearly all between May
i ‘ ", chment area i ' May
AT 5 0D ) not determinable from Atlas sheets. (Map-
The tributaries of this river on R. bank are i ’
) I . be also said to be worth exami-
ation, having ¢ rennial discharg i o
nm ! 11)051)1 aving good perennial discharges up to 100 cusecs in some cases. (Same
Tabak Hla River.~Where the Liwema joi i i
- . [La . b a Joins this stream, 2 miles east
(‘}i 2311?111%’ ;lllle({e isa 1:cl>ﬁky gorge with a drop of about 150.feet a good pereez:lsnigf
, -oe, a Dos ot o . ; s
Yo ree 2 10 sible reservoir site. Rainfall and catchment area not known.
?ﬁalm’ngya Chaung ; see Tavoy.
Tandin Falls—North Arakan. There is a i
_ ‘ _ Ars . n ample discharee, .
timber flotation, and a fall of 60 feet. The passing dm\lfn of the tilonbe;1 1Sse %10120;
matter oﬁ dlfﬁcu‘lty, and t;lle ‘ri_ver is believed well worth examination. |
L ?’ﬁ]éz-{zg Liver—This joins the Nam Ti which runs into the left bank of
! ;]za“rz;qdy s1111(35213.)1;3 Bl_lam%. ’dAbout 1?1 miles up the river from the junction, near
oad s nsion bridge, where the catchment area is about 45 or 5
sq. miles, there is helieved to be a cold weather disch t 500 e Tr 00
> : £ 500 cusecs (mini-
mum not known) and a drop of 500 feet in 5 mil o aifge Gite | xamin
tion, and may be worth 10,000 e. h, p. o n 1?11 e Ty oo examina.
Kaloohot boc ate, orth 10,000 e. b D. or more, Tl’le Tunhong Gorge beyond.
lntter mmsurvered) ioned. Rainfall not known. (Map 92 H 11, 14;
Taungdwin Chaung.—Mingin, Myi ivisi is is s
_ . » Myittha Division. Thi y
reconnaissance, though somewhbat remofe,  Site not identisﬁelafi stated to be worth.
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Tavoy District.—One power site has been developed, see Table 2. It is
believed that many more, including good reservoir sites, are to he found; bub
the country has been little prospected for power. Rainfall 150 to 200 inches of
which 96 % falls between May and October. Mr. Raikes reports that gaugings
will be taken in the following;

Paungdaw Chaung, which has a fall of GO0 feet at one point.

Ban Chaung (130 cusecs, 20th March 1919.)

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

Kyankpyu Chaung falls.

Sin Bo Sin Ma falls.

Talaing-Ya Chaung.

No falls have been determined as yet, but the first on the list is said to he
the most favourable. (Maps 95 J & K).

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

Thaukyegat River. Tributary of Sittang, 11 miles from Toungoe. This
river has a very large catchment area and before entering the plains is said to
have a large discharge, while falls of about 250 feet in 7 miles can he obtained
near here, where the catchment arvea is over 400 sq. miles. It probably falls
very low in the driest seasons. On the northern or main branch a fair 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 be fair but not
high. DMost of the smaller streams have a trickle of water and there are many
springs. The southern branch is mot likely to be of use unless its discharge
can be led round by a 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—near Pagyi (98° X 15° 20') has about 150 to 200 inches of
rain in the elevated catchment of over 400 sq. miles. (Map 95 13, :1).

Yezin Ch., Meiktila Division. Minimum discharge 3'3 cusees near Yezin on
28th April'1919.

Yetagon Falls.—See Mandalay.

Yunzalin River—This is said to have a rapid fall of over 3,000 fect 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 cusees and there is &
fall of 1,000 feet in 8 or 4 miles. This site is accessible Ly elephant from
Papun and appears very promising. There are others lower down also.

Zamayi River.—Pegu District. Thereis a waterfall in forest compartment
91 and the river is believed worth prospecting.

Zami River, running to Moulmein. The higher reaches are said to merit
investigation as power may be required for pulping work, already proposed
there. (Site not identified).

Zuwgyi River.—Tributary of Panlaung and Myitnge. There is a small
waterfall of about 10 feet some 4 miles north-east of Lawk Sawk, showing a
good discharge in April, which is fairly maintained. There are said to be
many other falls, but little is known. A possible site was also mentioned near
Myitson, about 20 miles from Kyaukse. TFrom the hills to the plains there
is a fall of some 4,000 feet in 20 miles. The water of this river is said to be
exceptionally fine for crops. Rainfall probably between 30 and 40 inches.
The catchment above 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 Dbetween
December and April varied between 515 and 2,200 cusecs with a mean of about
900. Very heavy floods have occasionally occurred. The drop of the bed is
generally said to be quite gradual. (Map 93 C 15,16).

Zingyaik River.—Thaton district. The river is dry for many months, but
the waterfall is Dbelieved to be worth investigation in case there are reservoir
sites above. This is a mining and also a salt district, and power is wanted,

N



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

Aran River.—At Masni, in Magrul T, i
. L e <AL hlasny, ag aluk, ther ; .
iml:vomlljd”-l'g 5,000 million pubic feet of water wiiile fsgéflfggtbl?ua (% O%d site for
‘:?;1&, ] av 1mg‘ ?30 sg: xml_es of catchment, The submerced Il}m f-’ GOQ feet
I’n‘li e :}Jng mostly.  There 1s “ a good site for utilizing thebwat : S'tls forest
fa 1_, :\ 1110}1 1s very indefinite as the layered map showsbthat the El,h“i h a lugh
}‘nilm({ll o lies .betwe?n ;l,‘)OO and 1,500 feet, so that not more th‘; ol (istrict
iille q\‘to“‘gmfl.mm ) is likely. The catchment avea at Sangri )rolﬁ ?)1200 foot
fﬂl-—éoetﬂ,;.l red to, is about 300 sq. miles. Invcstiﬂ’atiOnois’l.Ie m-f.l dy beI?W
‘ 0 35 inches, mostly concentrated in § months, and 83 quirec. Rain-
and Sgptember. (Map 55 H 7,11) ’ 5 % between June
athar Platean, Balaghat A reconnai
7 5 — arssance was made in t .
Stf‘li'leg()llgzlig}[dt]f;m;}l of the tstrea{ns had more than a if;ﬁg n;:lf(l)llfl} lﬁOt\?Iﬁather
Ste ¢ e flow conti oune ; H gh villagers
appear in the list. inued through the cold weather. Some of the streams
LBan River~Tributary of Purn "ari o
e ary ‘na, near Wari on tl der
on 1:11.1"(1 Akot Taluks. This flows froni the Gawilllﬂarif ??iﬁlel SOf ﬂ
{Clbl]l: s said to have a vertical fall of 60 to 70 feet hich gy
1 m-tatt'c«]llllle]’l} area is 130 sq. miles, to the west of Na1.11311:a11
. 1}211?; ;Ci 1}{) perennial and reservoir sites are said to exisLt. The raj
Eho 1‘11% I111:,0{1 c;utISO inches, is said to be good in these hills eVeI; 0 qle? 1gfmfa11,
¢ hons on fails in the plains below, but it falls to the extent of P ]}ezu hen
ot 12 5 1;11011t113 June to October, and 85!% in June to September about 90 %
: }Sae would be required especially with a view to the n o, so very large
g {11351 vears. (Map 35 C 12,16.) ecessary carry-over
earma River—~Tributary of Ken. /
] X ary Cen. A favourable reservoir site wi
(t:ﬂf;ch;neltlﬁ mefi; of 4,126 sq. .nules is reported at Khutr?erlrfff W%I N snﬁle with a
ouseJc qnlc ‘10111 with the Suna} (Sonar ?) where a flood disbethf’u.& amc{z 1, lgelow
gusces mts seen recorded. .’Ihe site has not been identified at; :36.3 0 230’090
o (‘.é bout 45 inches, of which 43 inches fall in the mons ‘ pi)esent. Rain-
: Bel.)ten}l)?“ (Map 55 M.) oon  bebween June
wnia fwper—Near Rahatgarh (Saugor).  Ti '
i S ¢ 1 oy ot : ¢ . ot . le Cat h P 1
ggilfzizgsdlfr}:‘eesﬁol)e 115 Sa}fd 1to lbe fairly rapid ; about Soci?egée;tznﬁlee?ﬁl)s 51({)0 o4
r sites have heen located above and below here, and are worth, invastion ter
%gghfﬂ? ahout 40 inches, of which 98 % falls bebween Tune. and misuton-
twv m}ftl e by Mr. Batchelor to be worth some 5,000 e.h o September,
WO .scllheas”,d?bu% Shls rqullres further examination (M app55 Cil 51116(;1'8 2 ench of
ndra Bhaga,— . - . P 50/
(Map 55 G 7,11.) ! ose o the Surpin (g. v) and the same remarks apply
Chargad River.—~Tributary of : .
i e TEE . ary of Wardha. A laree reservoir .
:1?'23(‘11’ ;%e'&ollsglucted at Udkheir, 9 miles south-west of 33011;3156‘1\‘211 o I s
o ;t ¢ Jou 80 sq. miles. Rainfall 85 to 40 inches nearl ! h&. catchment
! eg; ‘?Zl'ld No information as to falls. (Map 55 G 15 16)l ol June to
o b p.”c a(;l ](;ePlgttea_n.—a (Melghat). Mr. Batchelor bel,ieve.s that s01. 2
feet. ~ The sit h) ained here from a reservoir commandine a h dne 300
fall.”5t GE)I e s ould he examined further. Catchment notO (’?g of 1’8.00
f‘tlli) t(') ) inches ; mean at Chikalda itself 67 inches of ey ain-
a )(;:}“ een June and September. (Map 55 G 7.) s of which 60 inches
with algz;tigfmlgzwf ip prora (.B ilaspur). There is said to be g 1'és ir si
Foet is indicated . Eotip - wiles, and some peremnial flow, and Tl of 300
ated. Estimated by Mr. Batehelor to he worth’S OOO&e ah of %)O(z
s . h. p. bu

et. R(, (27 s )

Darelasa Waterfall.—Gond; i

N ~—Gondia Tebsil. Situated in hillv

(sliixg;o? of]tl;lzg; name on the main line of "the1 lllﬁztrf((}’alml\11 llflv'} o Rl near the
fries 1P byt 1e»end of the cold weather, so will he useles ol stovay. Lt
ound. | Bap 64 C 11 ox sy useless unless storage can be
~ Deo LRiver.~Balaghat district.
into the “’amgunga, and is said to

1e Jalga-
atpura range,
be increased.
The stream is

Mt .
%ﬂ’s“f :(élsl on the Baihar plateau and flows
rta Investigation above Bhanpur,
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where the catchment is 120 sq. miles or more. Being near the Nahara and
Uskal rivers the conditions are likely to be similar. (Map 64 C 5,6,9.)

Brai River.—Tributary of Wardha, 12 miles north of Chanda. IReservoir
sites arc indicated, without details. The arca does not look particularly promis-
ing, though the catchment is about 300 sq. miles, and the rainfall 40 to 50
inches between June and Scptember. There is o known fall of 20 feet on the
Mul hills. (Map 53 . 4, 8.)

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

Hasdo River,—where it leaves the hills albove Chhuri and Korba. Reser-
voir sites suggested ; no details, but there is apparently a rapid fall where the
plains are entered. The catchment arca is aboub 2,800 sq. miles at Garaghat,
where the 1,000 foot contour crosses, and the rainfall averages 60 inches of
which 80 9 falls between June and September. (Map Gt J 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 29th May, 1919, the discharge was 448 cusecs. There is a possis
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 & dam of reasonable cost, but 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.h.p. if the storage
turns out feasible to the extent named. It is worth full investigation. (Map
65 E 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 Nagpuy,
but it fell through. The site may he worth reconsideration for power purposes
in combination with irrigation from the tail waters. No details are at present
known, except that the site is near the Junction with the Waingunga, above
the village of Ambhora, and 8 miles south of 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 Peneh, to about 1,200
sq. miles. Four other points on this river between Khapa and the above were
also referred to. (Map 35 K 15 ; O 3,8).

Madw River—Tributary of Wardha. It is stated that reservoirs (of unspeci-
fied size) can be constructed north of Destara, Morsi Taluq, having a catchment
of 204 sq. miles, but no information is given as to falls. Site not identified
but probably onmap 55 G,15. Rainfall about 85 inches, mostly in June to
September.

Melghat Area.—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 Hills near Chikalda (q. v.), which fall rapidly
from over 3,000 feet to about 1,500 feet. The McKenzie falls are said to be
several hundred feet high with a perennial flow ; but the site has not becn
identified.

has River—A site is named between 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 months, It is stated however that the Mun and Pani-
gunga rivers could also be diverted into this reservoir, thus increasing the
catehment from 90 to 450 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, square not identified yet).

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

Muirna or Morna River. At Shaikla, 16 miles south of Akola, a reservoir
of 80 square miles can, it is said, be constructed by a bund one mile long and
70 feet high.  Whether a rainfall averaging about 80 inches over a catchment
arca of about 110 square miles (taken from the millionth map only) will fill
this reservoir and give nearly 7 months’ dry weather supply is a matter for

further consideration. The riveris © practically perennial.” (Map. 55-D 15
and I 3).°

Nakara River.—Balaghat district. This comes down from the Ghat a few
miles east of Charegaon Station, ending in a considerable waterfall (Jhang
Gogra fall). A reservoir site was found near the village of Sale, but the 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 avea is about 120 square miles there and
the average yield about 12,000 million cubic fect. Rainfall 60 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 4, S and C 1).

Nawegaon Tank.—~This is situated in a basin surrounded by hills in Sakoli
Tehsil, Bhandara District, with a catchment of 23 square miles, and a water
spread of 5 squave miles. In June 1919 the discharge was about 5 cusecs. It
is not known what fall is available. The site is g wile from Dewalgaon on the
Gondia-Nagbhir branch of the Bengal Nagpur Railway. (Map 64 D 1),

Nerbudda Liver.—Discharges have heen taken during the dry season of
1919, but have not come to hand as yet. The river is known to have possibilities
but they have heen 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 16).

1bid.—The Dharighat fall in Nimar Distriet has also been put forward. The
actualfallis 50 fect, but it can probably be increased to 100 feet or more, and the

flow is “ large . This site is in dense forest, 24 miles by road from Bir station
on the Great Indian Peninsula Railway. The rock is hard V indyan sandstone,
(Map 55 B 7).

Lbid.—The Baroda Darbar also calls attention to the Khodiar Mati falls
on the Nerbudda in Dhari Taluka, which ma

v_be the same as above : also to the
Mokhadi falls, which have not been identified.”

Pench River—A definite site is indicated near Bhiwagarh, 22 miles
directly morth of Nagpur, where the catchment is about 1,700 square
miles. Other sites are indicated on the river, which requires further examina-

tion. The catchment area is 597 square miles where the 2,000 foot contour is
met. The discharge between Seoni and Chhindwara w

as practically il in
May 1919.  (Map 55 0 1, 2, 3, 4, 5, 8),
Myr. - 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
Map 56, E or L

Purna River.~The remarks on the Moga River apply Vhere., The £
above the reservoir. : ' ’

Surpin River.—At Wajar,

alls are

v Ri 8 miles north of Ellichpur, Amraoti. A fall of
2,000 feet is said to exist in 10 miles ; the catchment area however i

44 square miles only, and *with impounding reservoirs alon
stream very cheap energy can be obtained. > The conditious appear to be the
very reverse, but the site should e examined. Rainfall about 33 inches,
mostly falling in 4 months. (Map 55 G 7, 11). V
~ Shaknur River.—West of Ellichpur (Amraoti). A reservoir site is indicat-
ed by Mr, Batchelor between Tekra and Ambaparti, with a catchment of 12
square miles and a possible fall of 600 feet. A further site between Raipur and
Moragarh has been mentioned. Rainfall about 85 inches, mostly between June
and September. (Map 55-G 7 and 8),
Siletwani Ghat. My. T, Batchelor, 1.C.S
of “paper” schemes - such as indeed are

s given as
g the course of the

»» prepared and paublished a numbey
most of those in this section of the

- . . . 8‘

i ‘a ar is, in the pamphlets
-esent Report—dealing with the Chhindwara area. "{‘helr?fl;s,d Scrq'il)t?on I())f ofs
})sls‘ils:(il a O'I;eat volume of assumption and . glo t} egh‘lcs L};Cen gseripfion. of th
mes th he same time atfention he n drawn E(
remselves but ab the sal me o3 heon dranvh fo an 2x¢8
s(f‘%l?rile.s“tlwell worth technical investigation. M. lel't(:he\l\(')ith stimate of un
Availabl 70.000 kW or say 94,000 clip. must be taken 1C oat rescrve.
: isl » Mr y vho recor
%)Vae‘m;)i}:z (of’ those mentioned was visited by AMr. Barlow s
n | r | !
i S e T Y ; ate t area is too
Opml‘(‘n’lfhas j713) )(())<als for Umra Nala tanks are wrong ; thﬁ Cdltdlmilqenk i o 15 f00
W X i ior y 2 S . ar
small 1;31111)1-olfl’ will be poor, rainfall is not .hlgh, area. ,'o'og ut A The
bm{% .blv Lcheap and the line of the canal from the reser \81; fo e edge of fhe
Dt o throneh undulating country where rock is ney LV pace. The
CN 110 E the ohaf, and the drop in the ghat is good ; 1)] Dot
ite is certa near N § . \ Tqla s toined by another
e y1 o pipe awould be necessary. The Nala is joinec i1 o and
e ity - side of the pacce road and the Railway, a
lareer Nala a little way on the far side o 7 a roud and the B e
arg " yeconnaissance is required to find a suitable Storag : it near the
a proper  reconnalssc RENN : ' e Uires - o Y -
Ggat}s with a good drop. Nagpw aheadjv 1;‘}1 )1'o'e,ct (.o, the whole series
increase if power can be provided cheaply. 1e proj
incres

. i - be investigated. ¢ Again,
N -« therefor of the first that should oliable cless.
¢ pro]e?’cs)? . %}é:l‘??ﬁz ?(ﬁ%eas are good hut his figures arc unxell_albl’ctfl}(l)ll(} 1‘;?1611;:50
Son Bm’fh}}:isn 071'01)05315 are undoubtedly worth further CQ]%SI‘ES? mal’)s of the
Some o / Ibo placed on his details.” E‘\’_amlnayt_;@ t(l) ‘ueqtion of their
quca‘p:teslllr(l)l\lvs that possible reservoir sites Cb‘l_'t‘mnl)' exist: the ques
ef]f’;llovment and cost should be flll'theéii?ialg%niill.e chain of projects, which can
d ‘ine is an ouw —ie i . e
Bl-‘ieﬁd. fgwﬂtf‘(:llgé\ 1?1% Cé?]. from the printed account.‘ ihe])nz}ilin%%\;&ét‘
O%ﬂg' Wlt‘]i)nel n(i;lel North of Khapa, eleva’oion1 %,200 {feet, Ol?lpte Llil?gnd; wn the
station, e N T o lied by @ lone :
2. v ner), is to he supplied b} >, od by a canal
(Map OE.) < 18%0%\.'3‘1}{ ":l?(;l]zll. gt 2,150 feet. The system is to })e fed‘l)}di}q‘i‘?};}f
Ghat .ﬁOﬂ'lf' o rescrvoir on the Umra Nala, GSt‘lmat?(} tol 1ave mile Northe
from fht F:e”flcﬁ()o million cubie feet, of which the dm}j. is to >tc 01'(1101“ 5900 feot
%"%%%f%{%u. A second dam innnlediatel}r mhg;lce 151%11:’N%¥th -(')Eastbof-’_’alakhor
N B an Upper Umra Nala reservolr nile o/ o
Contoilj’ au{}etrlzn(])utﬁgrldam for the Chin Naila reservolr 1‘s tl)lge?{lﬂ?él:el‘l\l’lilce
i%eélsg? (l)'SE.Umari‘:x Dalel running 11(]13 t? Sl}(e) ‘;?,‘280 {f‘ts 6%1E§011§1t% helor estimated
wvoir bv 1. On the head of 950 teet gross .Mr. C of Rs. 1,500
reservoix by ftbocall)lélcapable of giving 1,400 e. h. p. ab the {lfuoh Egst )(gfr c(;nt 1;ad
this gllloup (sﬁ) Rs. 2,000 per k. w.), on his assumption of a 5U ]
per e. . p. (say v L ] ‘
factor. - eservoir site, one mile North of Rohna on
ther Nort the Rohna reservoir site, OLLL 1
Ifl}lgtThilG }3131“‘:3111) to 2,250 feet, and estimated to contazn S’go(ghign‘«l\’ﬁg
ptd 02" t ’\lltr Batchelor proposes to canal this waterl 0 (;f \Ehc c;anal
Cu}n?roiie a distance of 16 milés, so after allowing for the slope
;ei%‘o‘d d’ez;l of this water would not b1$1§£ agr%;‘?ls%ncluding a three mile tunnel)
D . . afrain a nie C cv : et a2 the
. 1?%2}3111‘3?@0‘6%115@ w?xters’ of the proposed U pet _I’encél tlllzbe({;glnaczgés flie
Kulo (h' (N?Lla into the Royna reservoir. The site o\[‘ 55 e
Kulelﬁe}z{l_a‘er is two miles North of Chhinda, at the toprﬁfp M ?»Pis certainly vory
e ool to carry it up to R. L. 2,150 fect. I by Mr. Batehclor fo
o the map, and a short dam is estimated by . e ol
?avouraglel%nodoe mtigion ‘cubic feet. Minor power stations are also proy
impound 12, : o ‘ N
her dams » 55 J 16), and on the 1‘11101' n"‘ = o S
up to 2,230 fec& 9&:11;1; %Iap 131) to 2,350 fect. These, how mlel,1_‘ch211;t,111101’0?;1\1.)3.
. Tfh esagt?(;?hglil "xtlioa | \vo&ld appear to be too low down for feeding t It
of use for 1rrigatiou, "
. . ite i , and if
R st s vould e dhat i he Dpver Poneh s ool
. e nv reasonable cost to the edge T
i X{;atgrs c’?;l chgnlsgn%iwig} 0115 q:his and to omit all the smaller reservoirs except
be ot ehtino' one, and all the minor power statlons.‘ e truths. tho cost of the
the 1%,01‘11' Batchelor's estimates are 1&5‘ all nea}mirs 11t the Umrm Nala,
. el reservoir and the regulating reser oab t e Th
Ppptel;erP?,}ictll:ll 261312611‘;2%55&1‘}' canals, would he in the region of 110 lakhs ¢
oget
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storage, if correct, would on a 900 { -
RS . ’ on ¢ ect net head eiv 29 5 :
;ne:ll s :HO\)\ 1};g (})I‘a plant 01‘;15,000 kilowattseon erz;d g(l)\ C;)Segmgeig’Olgodklil‘owatt
of Eﬁ::o ;i;)(())s lgiesonll e1 . 20(} per kilowatt for the hydraulie works aetcﬁfsﬁ?é
anc er > is. if . ? e
fioure. power house.  This, if attainable, would be g reasonable
Son River.—North cast of Langi i
. . ast angi, above Bijacar . .
dctmlzsy. ]’;gconnagsauice required. D(Mapo(;z-g lddclaéh‘ls Iilidmated’ but without
. Aan fiewer.—Pendra, Bilaspur. A reservoir site is in ca
. . ; t- R ¢ 18 & & avrafy
ft)lil :u))?qt 2,000 fect, with a rapid fall of 700 feet, “lgiglfﬁits(}i? an elevation
in‘tolt I:ln\nb ne_zlu 1\31:11':11. The mnormal rainfall is 50 to 60 inches er Comes‘mto
SD;'Il]‘ 20111111211{ hs of June_iﬁo September. The catchment area h;mc'g?gxe?:l?ted
all, s o square miles, and large carrvy- C W o ' ery
may 2? ‘;‘?1‘%1. 1,000 [?l.lh.p. or more. ;,‘(33(;;‘11:}762%19“100111:(113b€31£)3qu1red. the site
. Tapti Ricer.~This rises in the Aravalli Hills. xvhi
n R : dyd 1115, 'h 1V EQ
g}lﬁ(e: eaiff B‘u}h&mpur. The catchment area abov;‘helﬁelal ilst ;Ea: 2595818108 25
o '{,d-:‘l 11l 1ha m}l)nfall of about 40 inches and there is a perennial f(l)olxy - A fg‘
lit{,l(o o;; n f?lith eex; ﬁndlcated. but is apparently situated where there .Woflldb lbe
thotel It her fall.  The river at Betul was found dry early in June 1919e
stom?vc s ;':fncllmmt hthe be.guu}tmg of the hot weather. A possible site fm’
R " o] ¢ s WItIL & series 0' dro DS agorecatine P~ y . ]
fay Ou]l;zz’ le %‘.rthel‘ I‘Sf,fcocilltlaissance is delsi1-a.13i2:l.ecr(lililgl% {')%O(?e;t.l’lix'? 1thzf (zluaa,o;s
ca Leicer—~—Said to be worth investieatine w Ty o BRE 2.
t Bagr . i , . tigating where it enters t i
ghei;laii;iicnf?lt hItf“Sl, Great Indian Peninsula ti{a‘ilwavv. 1 fl?}?gelliwthé (%) lag}ns
sheets Ind. ate that at the junction with the Denwa tributary there it ored at’as
thc‘ ZEII‘ ten spurs. Tllﬁf rainfall is 50 to 70 inches in the -~ ls|a, et
e Ct%ﬁ(}:“};le%fl,lmostlysf_e;lhng in June to September. (Map 55 1%“1)21) paxts of
Jmra Nala; see Silewani Ghat supra,  (Map 55 K 13).
Uskal River.—Balachat Distri R (f ap 55 K 13).
he e Luer S istrict.  This is stated to ‘enni
go o ]llc;c qlélelsumably below the junction with the Nahara ( 3,) {)Hfl;g v
lities, and ‘P:)};'Of‘nl}s Elgft‘%ixlllll;hlﬁigﬁ' t'(l)‘ltee localét)(; has greatly 111(ilr'1e1'.al Pltl)ss;fi(3
n . < yt wanted in future. It is st:
lsgilslsl i,()t(‘;l() con'tmuous e. h. p;_at least can be got from théusite ﬁ;iﬂb ]Stdt;d ?ﬁa‘t
rising 4re p.zoposed dam 17 feet the capacity of the tamk ean ﬁy I mbi 3‘
catchlixenteggéa Olll the site exists, and it is still under invest‘;iwat?oilou 'l'éi .
Raintall nor above the junction with the Nahara is about 130 sq. mi .
3 all normal about 60 inches during the June to S | . miles.
(Map 61 B 4, 8). ° 0 September monsoon.
r /4 aingunga Liver.—Small falls are indic
g; I)Sse: . J ud’lglllng fronﬁ its tributaries the river
aunce. Lhe catchment area above the 2,000 £
‘ v, 3 oot *is 275 :
S o0 o o s 50 e 370 s
vt n June and Sept . T 00U 1nchnes
(Map 64 B. 8, 4 and C. 1). ptember. See entry under the Kanhan River also.,

W ard e
Ba’cchg((l))rfzﬁiﬁ:;e‘il;_tsfl()aé(l) falls are S&i(.ll to exist near Puleaon and Mr
the catchmont aten isaove’r ) O%Ohﬁ%elss ‘Ilva'ﬂa‘ml{& _ No details a1'ebavailable, bl;ﬁ
between June and Septembel,‘. (Map 55 l]il e{"; andmﬁgfau 99 to 40 inches, mostly

ated, but no details of an
, ails value
should be worth furtheryrecon-

‘ Canal Falls, Central Provinces.
utilizlfhg Silief Engineer, Irrigation Branch,
‘Maharlxlgdi 2{161?&111&1‘?]&115 io]r pumping to uncommanded areas, especially from th
mand. This soil is ‘e-t.m,ge areas of well drained bhata soils lie o}{w (}n- :
recommended by th particularly suitable for growing long-stapled cotton, a9
y the Cotton Committee. The canal falls are notpli%{el}cofftoll)l, az
7 to be o

n s e 4 ~ P [<
v S P P D

considers that there is good scope for

APPENDIX XI.

List of Sites in Madras,

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

Anamalai Iills.—Messrs. Siemens are interested in the Kayanapardal
Talls, Sholujar (Suruli ?) River, near Coimbatore. No details are available,
See also Aliyar River. (Map 38 B. and I.).

Bhavani River.—The falls near Thondai, 13 miles above Metupalliam,
and 22 miles from Coimbatore are said to be ahout 50 feet. The catchment above
them is about 400 sq. miles. The discharge is helieved to vary from over 3,000
down to 40 cusecs. Ohservations are being made of the dry weather discharge
in 1919. The rainfall contours probably give too high a precipitation for this
catchment, hut there are no stations in it. It may be anywhere between 20
and 75 inches. December to March are dry months. (dlap 35 A. 16).

Thid.—Malabar District. A fall of 2,500 feet in 8 miles is shown on the
upper Bhavani, 45 miles {rom Coimbatore and 21 from Ootacamund. A
water level recorder will he installed as gauging cannot be 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).

C’au?}ery River.—Apart from the existing development (see Table 1) there
have been proposals for utilizing the Goat’s Leap Fall, the Mekadatu Falls
(q. v.), and the Hogenkal Talls (q. v.). The Goat’s Leap Fall is 26 miles
below Sivasamundram, and no details are available.

Chalakudi River.—Cochin. - This has been investigated by My, Forbes,
Chief Electrical Engineer, Mysore. He states that the minimum flow is 50
cusecs and storage of 1,000 million cubic feet is proposed. The site is estimated
to be good for 25,000 ¢. h. p. on 577 feet head. (AMap 58 B. 11).

Chandravauki River—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 vet, 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 site and will take dry weather discharges. Rainfall about 30 inches, of
which 92% falls between June and November. Catchment arca not determined.
(Map 56 D.).

Cocliin State—There are helieved to be possibilities of considerable magni-
tude in this State, but no details have been made public. Some 21,000 e. h. p.
can, it is understood, be developed, presumably from the Chalakudi River

AR
y C)-’oonoor 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 dvew up a project, at the instance of the Railway Board, for its
clectrification. The site chosen for power development was on these two
rivers, near Runymede, some 3 miles from Coonoor and 12 froni Ootacamund.
The project was limited to what was then required, and details are given in
Mable 4. A far greater head than the 1,000 feet proposed, probably up to
3,500 feet, could however be obtained. The minimum discharge in 1905 was
4'3 cusecs for the Coonoor branch and 12 cusecs for the combined streams.
Large storage is possible. Iurther investigation is procceding. The Karteri
River is already employed in its upper reaches for the Government Cordite
Tactory ; see Table 2. The rainfall over the catchment area of some GO or 70
sq. miles is particutarly well distributed. It averages about 60 inches,
catching both the south-west and north-east monsoons, and from April to
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November the monthly averages are reasonably constant.. The Torst month
are January to Mareh, but they receive about 10‘,per cent. of ;the total in av n ’O'S
vears, or some 2 inches per month. (Map 358 A. 15), o TOrse
Gundar Valley—Near Kodaikanal. Attention has been drawn to thi
valley. The catchment area is very small, about 8 square miles, but tl .
ramfall of G0 inches is well distributed throughout the whole yveay : n
January and Iebruary each receive an a.veragg of nearly 2 ilfcl’;els ’ e%ﬁn

perennial flow is good and a fall of about 1,000 fect is said to exist. Ther o

also said to be good reservoir sites.  (Map 58 F. 7, &, 11 12) S eroare
Hogenkal Ialls—Cauvery River, Salem and Coimbatore. The utilizati

of these falls (also called Smoking Rocks Falls) on the River Cauvery, 66 millon
above Erode, has long been discussed especially in connection with) the Sal rels
iron ore district 40 miles distant, where clectrical reduction has been con(téfn}

plated. Some survey work has been done at the dam site, where the ’1'001' i

said to be a brittle granite. A head of 46 to 85 {fect is avz’tilable '10001'din¢: t1 X

whether l[etx'u' .l'ese‘rvoir is or is not constructed. The flow of x;'zttfel' de f?nd(s)

on unsettled irrigation projects, but islikely to be of the order of 550 cI:mecs

minimum, so that some 2,500 e. h.p. at least is available at the site i‘h

maximum flow is about 250,000 cusccs. The power available ;\'01;1(1 be

increaséd to well over 8,500 e. h. p. if certain other projects materialize The
c?st has been estimated as about Rs, 570 per h. p. installed or Rs. 760 )el HVO

The water rights of the river are somewhat complicated as be.tween1 \Iﬂil‘ ;

‘z:gd Mysolr% | A tsurve_v has been made and cross-sections of the l'ive; ft‘tckeax?

above ¢ - the f: A si ' " dam 1 ing i i :

i %{ . }?;oresg“E | l;)(;-falls. A site foralow dam is being investigated. (Map
li:urteri River.— See Cooncor River ; also table 2 « Cordite Factory.”
Kolakambe water fall.—Nilgiris. This is a neighbour of the Karteri River

and has a drop of about 600 feet, hut hy means of a short tunnel a fall of 1.000

feet could be obtained. The waters of the Karteri could probably be divert 1

into this stream below the existing power house of the Government Cordii(

Fz:lctortyl (table 1). _The minimum flow is believed to be about 10 cusees W’it];3

8 0} o * A T 1 )

28 K).llll’l?ilzl)'dam it is believed that 3,000 e. h. p. might be obtained. (Map

Ni1gi§§,}l§h§]};£§b§(ﬁn Aoléltg%:gilt foi1 Utl}lZl]lg’ this most promising 1'in31‘ in the

Dilsi ‘ ) wund, was sketched out by the Hon’ble Mr

Murray, then Chief Engineer, P. W. D., Madras. It appears well worth further

Investigation, The catchment avea at the Kundah bridee is 65 sq. miles and éel

minimum .dlscharge recorded in 1918 was 31 cusces, I;It by coin arison ';tllei

neighbouring catchment it is believed that the true minimum inpa ;ferv “(i;

year, such as 1914, would be about 20 cusees; eaugings are proceedi o

There are two good reservoir sites i in river a mile ahove thy

] _ wo g sites, one in the main river a mile above the

Junction with the Emerald Valley stream and one in that valley itself., wher
the minimum flow is estimated to be 4% cusecs. This latter site:: has 'n;t \blele
fully examined. The mean rainfall is about SO inches and is extre 1 el
dxstmbufied- ; @ run-off of 60 inches is estimated from known d‘ata; :i}\lrliler‘y o
1,600 million cubic feet available for storage in the Kundah river sit With an
estimated minimum flow of 56 cusecs at that paint ’l‘he(site ;IGIl S'l oo o8
million cubic feet to be stored with a dam of 120 fe;at The fajll o Sﬂsome e
]ﬁgul‘hlo(zd is gtb(:lut i&,(ﬁ)(} feet of which 2,000 feet arve 1'.11 2 miles, bg% itlehzlllsel%}(:f-:

een determined whether this conld he utilized. The schem “however ¢
likely to yield some 20,000 ¢.h.p. or mor is work ough investiomns
The minimum flow in 1917 W(’%S 30% cuseeélsu Smlds ;;Oigigt%(ilgg;gézs %nvest‘lgat;lon.
were ;?klelz in 1918. (Map 58 A 11, 12.) o $ o readings

Balabar District.—Sai 4 ' ibiliti 1 i i

r(2‘111(1 jungle products, sucha gs tlc,))mlzllzll)‘oz %éiai)1%i§)3812}1111itgﬁs,m‘g;f} hregilg:h it

16 average rainfall is about 120 inches and is faii‘l rell distri over A
o e ntall s : ¥ well distributed over April
fo N 2 ;12?12;1’1 Stémuah 10 per cent. of the total fall oceurs during the 3 mon%hs

Machkand or Silern River—Thi s fr cotbs

+ inch maps to have gri}zﬁ; Ifgzs?;?{)ilit.?elsnisf E?égg?sl Zrﬁl Oflz?\rgﬁfa.{}lgais};eets &l{l'd tI}lle
5 map greab po ] ¢ ‘able, but practica

ne are given. A fall of 540 feet with a discharge of 104 cusecs inpthe dries}ir;

part of May, 1919, has si e hor T .
Dot is on Map o 1as since been reported. The site' has not been 1dentiﬁed
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Meladatn Rapids. Cauvery River.—These are 28 miles above Hogenkal
falls (¢.v.) and 21 miles helow Sivasamundram (see Table 1, Cauvery falls). The
distance to Salem is 67 miles. The flow is the same as that at Hogenkal falls
and the drop is 175 fect. The fronticr between British and Mysorean territory
runs down the centre of the river, and negotiations are proceeding between
Madrns and Mysore as to the utilization of the fall. An estimate has heen
framed by the Chief Electrical Engineer, Mysore. At least 8,500 e.h.p. is
continuously available on the 550 cusec minimum. (Map 57, L S or 12.) .

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

Periyar Project—The history of the proposal to utilize the water of the
Great 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
proceeding hetween Government and Mr. Garrett, a retived Chief Engineer of
the Madras Irrigation Department. There is an available fall of about 1,000
feck and 2 minimum supply of 250 cusecs for 240 consecutive days has been the
hasis of negotiation. This is equivalent to some 34,000 e.h:p. (Table 4). There is
little doubt that, as arule, power of this order could be generated for alonger pe-
viod in most vears; but as matters stand, it cannot be guaranteed. The con-
struction of a supplementary reservoir above the lake, in the Cardamon HHills,
Travancore, would enable 150 cusecs to be given continuously, and this might
indirectly henefit industrial India (including this progressive State) greatly, as

the manufacture of fertilizersis proposed. For reasons which cannot be dis-
cussed here the supplementary project is held up, but it is highly important
that a settlement should be arrived at. A suggestion may, however, be hazarded
as to the project as it stands. The draw-off level is fixed by the location of the
tunnel which carries the supply through the water-shed; and the lowering of
this tunnel a few feet, so as to increase the possible draw-off, would be
a costly matter. If, however, a power plant is put up, utilizing the full 1,000
feet head, it would be a comparatively simple matter to utilize a fraction of
the power to pump additional water from the lake, below the present draw-off
to the tunnel level, a suitable intake chamber being constructed for the purpose.
Thus, if the total 1ift were 5 feet not much more than one two-hundredth of
the power would be sacrificed and a much longer working period would be
possible. (Map 58, G. 2, 3.)

Pykara River—A\ project to utilize this river (See Table 4) for the supply
of the Ootacamund District (15 miles from the town) was drawn up by Mr. H
P. Gibbs and has been the subject of negotiations between him and the Govern-
ment of Madras. The. lowest gauging recorded on the-river at the power site
was 9} cusees in 1914 ; gaugings have been resumed since and have varied from
15% cusees minimum in 1917 to 19 minimum in 1918, Two falls aggregating
practically 900 feet could be combined, but it is believed that 3,000 feet could
be obtained by tunnelling through the watershed to the catchment on the
north. A storage site exists above the wupper fall, but the capacity is
not known. It 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
affect the catchment arca to some extent ; from January to March however the
average precipitation is very low. The catchment area has not vet Deen
determined. (Map 58, A 10.)

Sandy Nullah.—Tive miles from Qotacamund. This small scheme with 2
minimum flow of 1 cusec and a fall of 1,000 feet is being investigated for local
employment; see Table 4.

Silerw River : see Machkand. ‘

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

Singamputti Scheme~—Madura District, This was mentioned, but the site
has not been identitied,

o
O
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Siramalal I1ils.—Nr, TI. Perry has suggested thata power secheme for the
Madura District ean he formulated in these lnllq, situated 20 miles from the town
in the Ammayanayakanur Zemindari.  The rainfall map shows a mean hetween
30 and 35 inches in the surrounding plains, but the hills probably reccive more;
MMy, Perry’s e~‘c1mate, htained from a Planter, is 65 inches; hut there are no
true records in the hills.  The catchment area proposed is oulv 8 square miles,
and a considerable number of artificial reservoirs is proposed ; the fall available
is stated to be 1,500 feet. The power available is estimated by Mr. Perry at
“ 06,000 h. p. per minute,’ and the words italicized show that caution must be
exereised in aceepting his conclusions; see Appendix IV.  The project requires
to be examined by an expert, and may prove less expensive and more reliabile
than would appear at first sight; various enquiries were made as to its practi-
cability by persons interested in local industries. (Map 584J 4).

Siruvani River.~Tributary of Bhavani. A projeet, first mooted so long
ago as 1879, has recently heen investigated for utilizing this stream for com-
bined water supply and power to Coimbatore, which is 25 miles distant. By
damming up the valley so as toform a lake, and piercing the ridee with a tun-
nel, there would be an available fall of some 1,200 or 1,300 feet some of the
tail water would then be piped to the fown for water supply. The minimum
flow of the stream is small (4} cusecs) as the catchment area is only 6} square
miles, hut as it receives hoth the south-east and north-west monsoons, with an
annual rainfall of 75 inches or more, itis merely a question of storage. Ifrom
December to March there isnot much rain.  The proposed dam w ould hold up
from 280 to 450 million cubic feet according to height, from 120 to 140 feet;
and with the fairly flequent rainfall 1eple111<hment it is believed that the site is
good for about 2, 500 to 5,000 e. h. p. continuously.  (Table 5). The tail waters

can be used for nugatlon Investigation is still proeceding. It is understood
however that expert geological opinion condenmins the dam foundation, and if
this is so the scheme cannot materialize. 'The neighhouring Kundah River
scheme is more promising, though the Siruvani can Still be used for water
supply.  (Map 58 A 12, 16).

Suruli River.—See Anamalai Hills.

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

[Caxan Faris, MADRAS.
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Canal Falls, Madras.

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

Serial (anal. I esition, E II);])] fl(jx[\lm(“\lnur’;t Working period,
Ro. E feet, at closure. -
R e e ; — I S
Grulﬂudi"i Eustern {ellu. E
1} Cocanada Canal . .| Medapadu lock weir . ‘ 10:0 BYH] 11 menths.
2 » " | Tossipudy Lk . ) 268 "
3 ,, " . . | Chintapally Lock . . 85 103 N
- | Bank " . f Kualla Leelk . . 55 101 y
5 | Coringa " . .| Vella Lock . . . 8133 a1 »
Godavari Cenliral Deltu,
6 | Gannavaram Canal . ) Gopalpar Lock . . 480 125 1! mnonth..
7 M » Mondepulanta Leck . 554 257 "
8 | Bank . . . Wadapalen Lock . 525 414 5
9 | Amatapur " . .| Palivela Logk . . 416 107 .
Guduvari Wesicrn Dellu.
10 ] Bank Canal . . 1 Siddhantaw Lock . N to 100 11 months.
12 ft.
Listua Eastern Delta,
11 | RyvesLanal . . . 'Komatigunfu welr . 484 1850 0% to 10 montls.
12 | Baudar . . Kankipad Lock . . 125 4s1 »
13 » e . .1 Veeranki Lock . . 10741 / =9y .
id | Bantumilli,, . . .| Cowtaram Lock . . 560 916 .
Kistna Westera Delta.
15 | Bank  Canal . .| Kollur Tiocke . . 55k 200 9} to 10 months,
16 | Commanur ,, . .| Kolliwerle Lock . 560 321 ”
17 | Head of Coemmanur Canal Duggirala Lock . . 7 200
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Sites in North-West Frontier Province.

Ludus River.—This is not considered likely to he capable of development,
ab any rate cconomic development, in the imalayan area ; the proposed Sukkur
barrage (Bombay Presidency) may or may not be able to supply power. It is
carly to speak of this until the project materializes, hut the possibility of high
level pumping to canals, should it be required, may be borne in mind.

Kunhar River~—This joins the Jhelum not far from the Abhottahad-
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 mueh surplus power is already
installed, it is unlikely that any other large scheme will be requived for the
present. (Map 43. T'7). ‘

Sinan River, trih. of Indus. —This flows in from north of Manschra, and at
the time of the Boer War a small plant was erected on onc of its tributaries to
supply the prisoner’s camyp. It was subsequently dismantled. Tt is probable
however that sites exist in the main stream, which has not been prospected.
(Map 43, I 3).

Canal fallsin N. W. F. P,

Upper Swal Canal.—Soon after ' leaying the headworks this auns
through the Malakhand tunnel and then, on exit, down a steep river bed,
which is pitched. At Dargai the right and left bank canals take off.
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 e. h, p. Mxy. 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, in a paper read before the Punjab
Engineering Congress. The district however is a wild one. Constant power

could be obtained by tailing into the river below the power house instead of

into the canal as proposed by Mr. Sangster. The canal has to be closed for 10
days every alternate year to provide local irrigation in the rains on the banks
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 feet drop with a minimum discharge of several hundred cusecs during
about 286 duys in the year. Unless required for irrigation pumping 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
about 50 feet down into the river area, where there are small canals that require
feeding. The site could be 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 farm. Elsewhere no pumping is required in this
district. » '

Cabul River Canal.—A scheme has been comsidered for running water
from one branch to another, near Peshawar, giving a 50 foot drop.

APPENDIX XIIIL
List of Sites, Punjab.,

Baspa River, trib. of Sutlej. At Raturing gorge this pours over a series
of cataracts below Sangla, with a drop of about 500 feet in hatl a mile. 1t is
helieved to be a good site, though remote. (Map 53 1, 7.) -

Beas River.— This has not, so far as is known, been prospected for power.
Between its rise at the Rohtang Pass in Kulu and the plains there are however
continual rapids, during which the descent amounts to several thousand [cet.
Whether there is any concentration of falls sufficient to allow of cconomic
developmenc is not known.  Several of the larger snow fed tributaries in Kuluy,
especially the Parbatti and the two rivers flowing in at Largi, have also great
potential power; but they are used for extensive timber transport up till the
monsoon, so it would perhaps be impossible to divert the water from the stream
without interfering with forestry. The catchment area is 5,700 sq. miles and
the averagze rainfall over it is 62°5 inches. The maximun flood at Naushera is
325,000 cusecs and the minimum recorded discharge 2,600, (Map 53 A 1, 5,
9,13, 1t and. B 2).

© Chenad River. ( Kashmir ).—A  project has been proposed for utilizing

this river at Riasi, where 30,000 e. h. p. can, it is said, be developed.  The
© catchment area is 12,000 sq. miles, of which half is in the exterior Iimalayas,

and the average rainfall is 11-7 and 287 in the exterior and interior divisions.
The maximum obscrved flood carried some 600,000 eusces and the minimum
recorded discharge is 3,584 at Marala. (Map 43 K 16).

Giri River.—The upper reaches of this perennial river were prospected
about 1900 for power for Simla, but the Nauti Khad was found preferable.
There are probably good sites for power lower down, but they arc not. recorded.
The rainfall 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 catehment ares
is about 600 sq. miles at the junction a few miles from Solon.  (Map 53 17 6,10).

Haro River, near Hasan Abdul, Attock. Enquiries have been made rve-

carding this river and the Jablat (or Chablat) in the same district, and dis-
charges were asked for. There is said to be a fall of 50 feet and & good perens
nial discharge. Rainfall 25 to 40 inches. (Map 43 C. 5, 9, 13).
' Indus River.—(See also entry under Bombay ). The catchment areas
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 7-6 inches
respectively.  The maximum recorded flood discharge at Kalabagh is 1,000,000
cusecs and the Jowest observed flow 18,670. The bed here is narrow and if o
100 foot dam could be constructed the minimum power would be about 170,000
e. b p. Below the bed widens out greatly, su the flood afllux would be small.

Jablat River—See Haro River.

Jumune River.—(Sece also entry under the United Provinces). The catch-
ment area above Tajawala is 4,400 sq. miles with an average rainfall of 73
inches. The maximum recorded flood carried about 273,000 cusecs and the
lowest observed flow was 2,195 at that place.

Jhelum River, ( Kashmir }—Already partly developed at Mohora (Table
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 48 J 4 ).
Captain (now Lieut.-Coloncl) Battye, R. L., in a paper rcad before the Punjab
Engineering Congress, 1914, suggested using this river for power at Rasul, al the
head of the Lower Jhelum Canal. A flow of 4,500 cusecs and a head of S0
feet were stated to be obtainable, giving 33,000 c¢. h. p.  (Sec Table 2). The
catchment areas in the exterior and interior Himalayas are 7,000 and 8,000 sq.
miles respectively, with average rainfalls of 895 and 46-2 inches. The maxi-
mum flood at Rasul carried about 500,000 cusecs and the minimum recorded
discharge is 4,500 cusecs.

Kishengangae River, tributary of Jhelum (Kashmir).—No information
is available, but the catchment arca is certainly over 2,000 sq. miles at the
junction with the main river, and it is snow fed, ( Map 43 I 11, 14, 15 ).
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Kunhar River, tributary of Jhelum.~—No information is available, but
the catchment area is about 1,000 sq. miles at the main junction, and the river
is snow fed. (Map 431 G, 7,9, 10),

Mogiri River.—Rampur Bashahr State. The Chief Wazir of this State
helieves that a fall of 600 feet or more could be obtained in a mile or two of
channel in this river, which is snew fed and has a dry weather discharge sufli-
cient to drive about 10 of the local water mills -—or say 30 to -0 cusees.  The
stream 1s probably worth 2000 e.h.p. or more. (Map 53, B 11, 15). )

Punch Ricer, tributary of Jhelum, (Kashmir).—This appears to be worth
examination near Kotli where the catchment is about 1,400 sq. miles; but no
information exists regarding the river. It will e snow fed during at least the carly
part of the hot weather, as it rises in the Gulmarg snows.  (Map £3 G 14, 15).

Ravi River.—This has not been prospected in the hills, but certainly has
considerable possibilities.  Where the Upper Bari Doah Canal takes off near
Madhupur a gitess {all of 109 feet can be obtained in 46 miles; 1.0 feet in 7%
miles; 175 teet in 94 miles; and 200-feet in 13 wiles. My, Milne in a paper
read before the Punjab Engineering Congress, 1919, states that the mininrum
recorded discharge there is 1,300 cusecs, which would give a continuous 12,000
e.hp. on the smallest and most practicable combination of these many falls.
The exceess water not required for the canal could be surplussed back to the
river. The project has been estimated to cost Rs. 530 per e. I p. or Re. 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
area of the river is 2,500 sq. miles with an average rainfall of about 93 inches.
The maximum flood discharge is aboul 200,000 cusees and the minimum re-
corded flow 1,303 cusees at Madhupur.  (Map 43 P. 11, 1.4, 15 with 52 D 2).

Sutlej River; Bhakra Dam project.—The proposal to use the great power
of the Sutlej where it caters the plains near Kirvthpur, north of Rupar, at the
Lead of the Sirhind Canal, is not dependant on, nor does it in any way interfere
with, the project for storing some 112,000 million cubic feet of water behind
this 395 foot dam. 'The proposals given in Mr. I'. Milne’s paper, read before
the Punjab Iingincering Congress at Labore in April 1919, involve tunnelling
through the spur round which the Sutle] makes a great loop-at Ocl and Anand-
pur; a fall of some 430 feet or 330 feet elfective can he obtained in this way,
and the minimum discharge of 2,700 cusecs ( usually not helow 4,000) which
must in any case be allowed to pass down the river could he utilized to give
some 81,000 e. h. p. continuously. The lake would extend above the head-
works, but its storage would not be drawn on beyond the minimum flow com-
ing in. The cost’ is estimated to be Rs. 813 per kilowatt installed. The only
differences that the dam project makes in the hydro-electrie is that, if the for-
wer is built, the tunnel will be under the pressure of a considerable head of
water; whereas, if the dam is not built, a diverting weir must be built across
the river at the tunnel entrance. It is probably that below the dam also some
10,000 e. h. p. could be obtained if the main scheme is blocked by the fear of
interference with irrigation. This site was first suggested by Messrs. Cromp-
ton & Co. in the early nincties. The reaches further upstream have doubtless
arveat possibilities, but at a much higher cost. The catchment areas of the
river amount to 5,000 and 16,000 sq. miles in the exterior and interior Himalayas
with an average rainfall of about 44 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 be 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. h. p. can be obtained under a comparatively
low head of about 30 feet, unaffected by the flood rise. The cost, including
transmission to the works, is estimated to be about 10 lakhs for the power
actually required, but it would seem preferalbile to so arrange that the whole
power can be developed. If the demand later on justifies it, and the tunnel
has been built (which would certainly be an advantage in constructing the
dam) then the larger project could subsequently be matured. Certainly several
thousand L. p. could at once be used for the Kalka-Simla Railway and other
requirements within easy reach:
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Sutlej River—At Khatolu gorge, 2}, miles from Sarahan on 't—hc Hfmg(l)]stf%?;
Tibet road, there arve cataracts for # of a mile with a s/mg;]e (}.1 op of 0 Tt
included. During the monsoon however the rise of the river pm_(/l‘f " Y
ohseures the falls, so it would only be possible to utilize it mf.h a C(an:]u)(.m‘{(‘(li
dam for giving a head. The minimum perennial discharge will be of the orde

of 1,500 to 2,000 cusees and the site appears promising, though remote.
(Map 53 B, 14, 15).

Canal Falls, Punijab.

Nofe.— Discharzes given are mostly the aormal full rlzsc./zar(/vm;
will be available later. Serial numbers refer toa map on rvecord 1n the Survey.

Minima  are being collected and
Falls less than 8 feet not

eiven,
UrprER JOELUM CANAL
| \ Tiead | Nonmoal | Mintmum
derial | Nams of channel D Particulars. L i(,.‘t“ ~ fall 1 discharge.
Serial, ;\ Name of chs . \ oct. St :
i | Main Line 247,000  Fall . . . . Q H0 3,000 See note.
| t 7 Qe Note
2 115 Do. . , 418,000 | Fali {combined) . ! 20 | 1,000 See Nofe
3 | Gagreat Braneh 670 Fall . . . . § .20
! ArarL]
1 Do. : 1350 Do, . .. - & 11,00
‘ ! a P
5| Do, A 2m0 Do . . 3 10
Lower JHELUM CANALL
419030 | T L3 201
1 Northern Bank . 312,050 J il . . . . | 3 E
9 | Do 343,030 ' Fall - (i y o 20t l
B . i‘ }(,’:}11 De combined 'L % 2oy i
3 ‘ Do, 243,530 | D, \ wo | 2 t
4 Do. . 344,080 ll Fall . . . 3 s} } 20L ‘ -
5 \] Syulki Branch . 13,526 § Do, ! G | 357 ;
l ’ ’ }} - 241 l
[ Do . 14,006 | To. \ 55 34
Urrer CuevaB CANAL.
‘1 | AMain Line, lower . i 715,000 | Fall and bridge . . : RN ! 9,070 ‘
2 Do . e21,000 Do. 105 | 7,389
Lowrr CHENAB CANATL.
. 500 | 2 123 o
1 i Bhawana Branch . 7,500 \1 Fall . . . . l 02 423
2 ‘ TKhewra Major 5,000 ‘ Do. . . . . 87 ! o1t
! Dy. ) | ~
-2 50 -
3 | Burala Branch . 164,600 | Do. . . . 8 35
: * s \ 850 See Nute
4 l Upper . Gugera 219,000 \ Do. . . . ) e Jute
Branch.
Urrer Bari Doan CANAL.
an TN qdee . 83 1,805 See Note
1 4 Salampur feeder 6,436 ; Rapids No. 3 and bridge 83 l , o Note
2 Do. . \ 33,845 Rapids No. 11 and bridge . 9‘3» ‘ 1,824
: | Rapids No. 2 . 80 4,796
8 & Main Line ; 13,300 ‘\ Rapids No. 2 . 1 | > '
500 | Rapids N ‘ 5 4,782
4 Do. li 22,500 ; Rapids No. 6 . . | 85 1 4,7
5 Do L 24,500 \ Rapids No. 7 and bridge . l 80 . 4,779
(S 2N . ) . )
A R B
0 Do. . . 93,500 | Rapids No. 9 . 85 | L,'Zzi
7 Do. . 31,500 | Rapids No. 11 . \ 8D ‘ 4,769
. o2 | 1774
8 | Faridnagar feeder. 21,829 | Rapids No. 8 . ' 1,77
. | . -
9 Do . 97,697 | Rapids No. 10 and bridge. 1 86 ’ 1,704
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Urrrr Bart Doan CaNsxTl—econld.
i ; { ! . [

Rerial. { Name of channel. R D, | Particulars, | fhoad | f\}fx‘;‘ffnl Miniuuih
' | ; dischatue., discharge,
- N e

10 Main Line 34300 - Rapids No. 16 and bridge | $5 | 4,005

1" f Do. 67,000 ! Rapids No. 15 .{ 85 1693

12 ; Do, L0214 I Tughal rapid and bridge $0 | 6,202

1 [ Do 101,072 ’} Dlambai ridge and fall .| 85 ' 6,300 -
i1 { Da. " 114,100 ; l\'fn;:;;mnngul bridge  and 1000 6,830

13 Mninr ‘ Dranceh, " 12,819 t Dhariwal bridge and fall . 110 ; 4,270

16 ! l‘i)l};twl.. . i 40,768 { Kunjer bridge and fall 9Q l 4,200 :

17 5 Do. . F 13,500 [ Aliwal regr. and fall 30 j 2,631 }X

18 f Lahere Branch ‘ 25,000 Sanchur bridge and fall "~ 100] 1,080 |
o Do, y 95,00)  Raneywal bridge and fall s | sr2 |
90 Subraon Branch .| 85300 | Tughel Walad bridge and s|  fu0 |

! * ! fall, ) f J
Lower Bart Doap CANAL
1| Main Line .i 820,058 | Fall and bridge . . 5. 4,201 See Note
2 Dao. N 193,759 | Do. . 1 .8 J 3,774 ‘ wend
StraIND CANAL,

1 | Alohar Branch 23,000 { Kbhanpur S 2,506

5 Do, 47,000 | Clupki 8 | 2,888

3 j Do, 69,500 | Ballowal 8 2,820

4 Do. 105,000 | Akalgarh 81| 2,755 :

5 Do. | 128,000 . 82 2,657 ]

G | Do, o[ 213000 | Doodhar .. L1 100 | 2,306 f

7 Do. 254000 | Gholin . . . .| su| 1007 !

8 Do. 289,000 | Channowal ,] 80| 1,717 !

9 Do, 232,000 | Samalsar ) 80 | 1,562

10 i Sultpj Nar. 93,000 | Baraghar . . . : 99 400 s

11 Do. © 110,500 | Malha . . I 100 400

12 | Platunds Branch.| 32,230 | Khatra .. 8 | 2,02

13 Do. 58,900 | Jaghera . 761 2011

14 Do. 87,500 i Kanganwala , . ol 10-1 : 1,882

15 Do. 128,600 | Lohgarh . 8 1,770

16 Do. 185,000 ; Chamblai . .. .| 10 | 1,661

17 Do. 277,000 | Ballohi . ., ., 86 | 1,039 ’
13 Do. 307,000 | Sedbana . . . 77 | 1,010

19 1 Kotta Branch .1 15,000 | Dalowal . , ) 1 94 | 1427 c
20 Do. : 56,650 ;Sblar .. f 8 | 1,414

51 | Do 61,566 | Danbhora . |8 | 1,400-

22 Do. 122,155 {Sogm e 81| 1,006

23 Do, o 185,000 fHarignrh e 8 847
24 De. - .| 215000 |Sahoki . ., 604

189
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SieniNp CaNAL—conld.

: } Normal -
Serial. | Name of channel. R. D. " Particulurs. " Ifhizd full 3.1”1‘11‘"’_11“1
i ect. discharge ischarge.
— - — SR s
25 |KottaDranch .| 200000 |Rala . . . . 85| 517 f
26 | Glaggar Branch .| 23,000 | Thus . . . i1 719 3
97 | Do. ! 55,000 { Nidampur . . . 85 676
28 Do 135,000 | Sular . . . . 80 311
WESTERN JUMNA CANAL.
1 | Sirsa Branch .| 168,000 | Fatchpur . . ; 8'8 \ 1,241
|

Of the ahove it has been suggested by the Chief Engineer that the
50 foot fall on the Upper Jhclum Canal, serial 1, at R. D. 240,000, could be
employed usefully at Ihewra Salt Mines and Dandot Collieries, but the
closure would be a drawback. This may, however, be reduced when the
Woolar Lake Barrage in Kashmir has heen built.  Sir Louis Dane also
suggested the employment of this power for irrigation pumping to the tract
between the North Western Railway and the Upper Jhelum Canal, where the
closure would not matter, but the question of the sufficieney of the supply
for the rabi crop would have to he considered. The power available on
normal discharge is mnearly 14,000 e. h. p. hut the minimum and period of
closure have not come to hand.

The 20 foot fall on the samc 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 Doab Canal have heen
dealt with above in connection with the Ravi River. Serial 4 on the Lower
Chenab Canal was at one time proposed to be utilized for the * Buchiana Lift
Project” of irrigation; it is found however, that the area can probably be
commanded by gravitation flow.

There are the following areas of high land within reach of the power and
water of the Lower Bari Doab Canal, which could he used for irrigation
pumping, ziz., 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
eiven, which are mostly wormal and not iinimuwm discharges, vizt. :—

Upper  Jhelum Canal . 4,000 e. h. p.

TLower " 1 . ) . 3,300 .
‘Upper Chenab 5 . . . . . R . 14,500 ’,
. . S00 ,

Lower a " . . . .
Upper Bari Doab (58,000 total) say . . . 146,000 "
Lower o 5 . . A 5,500 .
Sirhind » . . . . . . . 52,800 »
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 fect.
- 12




APPENDIX XIV.

Sites in the United Provinces.

_ Alaknanda—(Sce also Bhagirathi River).—This river, also called the
Vishnuganga, has a ecatchment arca of some 1,500 squ&;'e miles and dvops
5,000 feet in 16 miles bebween Badrinath and Vishnuprayag. The gorge .‘12—1—
miles above Rudraprayag would be difficult to develop and is very out of the
way ; but the river is snow fed and could undoubtedly be developed at a cost.
It is  reported that the limestone eliffs of the gorge are 150 feet above the hed
of the river at this place, where it takes a sharp hend. An old chanmel cuts
a chord across this bend, with the pilgrim route to Badrinath paralkzl to it
The suggestion has been made that the old bed could be eut down fo the present
water level and sluice gates construeted on it ; the river could then be d%verted
while a dam is built across the gorge. Presumably a second dam  of the same
height would he mnecessary across the cutting. Arrangements \vouldL be
required for passing timber over. A light railway to Karanprayag is under
consideration. (Map 53 J 15-16 or N 3). ' S

Bakher Nadi~Tributary of Belan, Mirzapur.—There is a reservoir site
here designed to hold 1,400 million cubic feet of water for irrication pur )oées-
lu_lt as the catchment area is 318 square miles with a cood run—%ﬂ’ and iLll;‘lliD‘fZ;Ii
of about L0 inches it is Delieved that 8,000 million cubic feet or more 001(11(1 be
reckoned on with a higher dam. Some S7 per cent. of the rain falls between
June and September. The Sirsi f{all neai by has a drop of 90 feet. The
project makes an admirable combined irrigation and power scheme, as the tail
waters could be stored lower down and yet above the canal. The site ap )cz;rs
likely to yield at least 2,000 e.h.p. continuously, and probably much 1111101'6
It is worth further investigation. ~ (Map 63 L 9). : .

Baur Liver.—~Naini Tal District.—The minimum recorded discharce at
Dechawri is 9 cusees and the stream is small and unpromising. (M ap< 53 0 7)‘

 Belan Nadi.—Mirzapur.—There is a possible i'eservoircsite (unsurveved.)
believed capable of storing 5,000 million cubic feet, above the Mulkha fall of 86
to 100 fegt, 6 miles west of Ghorawal. It has so far not been examined as the
cost of the submerged villages and land would be high, but it offers con‘sider-
fﬂ)le possibilities for power (1,50u ehyp. or more) and irrigation combined.
The catchment area is about 250 square miles with a rainfall of about 40
inches, which practically all falls hetween June and September. (Map 63
L 9, 10). o

’Bhagz/’aﬁzzf River—Tributary of Ganges.—At the junction with the
Alaknanda, at Devaprayag, there are rapids with a perennial snow-fed discharce
rP:econnax.ssan<36 is de%ll‘iﬂ)lf}, as the catehment is nearly 4,000 square miles.
The President of the Couneil of Regency, Telri-Garwhal State, has examined
this river and its tributaries beyond Barahat, and calls particular attention t
tl}e Assi, which joins the main river 2 miles above that place. This i%)a er e
nial stream, largely snow fed, and has a fall of some 1,275 feet in é nklileqliu 0'12-
Iqwor rcaches, which are at an altitude of 6,000—7,0600 féet The cqt} nntli
discharge hetween the 14th and 20th May 1919, was 400 cuqec's The sh"cl ) z(l}f;)
miles from Dehra Dun.  (Map 53 J, 5, 6, 12). o e

Chandrapabha River.—Benares State.—Therc is a small storace site t |
hold some 300 million cub. feet which was surveyed but not 1’)1'oéo%ded \‘vitho
A 200 foot fall is said to exist near Baraur. Site not identified, hut probabl ;
north of the Son River. The power possibilities appear small though N
c.ombmatlon with irrigation it might he developed. A request to eéamineg tlm
site has heen received through Government. The rainfall is about 40 incl 1%
which about 31 inches fall between June and Septembef. (Map 63 P) e

Dabka River.—Naini Tal District.—The minimum recorded dischm‘ e i
10 cusecs at Kota, and the river only offers small prospects of g :
apparGently. No information as to falls. (Map 53 O 3). ! powet
it éz:zegl:s fhg;ﬁ](i-l)(sef ﬂlso B?Jaglratl.u Bwer).——lt has been re_commended
hould be taken from Rikhishesh up to Phul Chatti or bevond :
t}.le latter region is believed to offer possibilities, but the harnessi d -
river is likely to be very expensive. i , g o Such a
mver s likel; y expensive. The site has not been identified at present
Being snow fed from the main Himalayan range there is of course enormons
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potential power in the river, and it is within the borders of Britisli- India,
though mostly unsurveyed. ST

Garai River—Mirzapur.—For ifrrigation reasons thix is said to-be not
worth consideration, though a fall of 180 feet exists near the present ‘dam.

Ganla River~Naini Tal District.—The minimum recorded discharge at
Kathgodam is 82 cusces while there are generally at least 100 cusecsathrough
the dry season. The hills fall rapidly from the Bhim Tal District. ~It is
worth further prospecting.  Discharges are being taken.  (Map 53 O 113 AP

Gauna Lalke.—Garwhal.—This was formed by the ereat landslip of 1893 .
and burst in 1894, but the lake is still very large (3-times the size of Nainl
Tal Lake) and it might be possible to raise a dam there. The Birchi Ganga
flows thenee to the Alaknanda.  (Sife not identified).

Ghagar Nadi.—Mirzapur.—The water isall required for irrigation, so the
power cannot be utilized unless falls exist above the headworks, as to which

‘there is no information at present.

Jagei Lake.—Garhwal.—Formed similarly to the Gauna Lake (¢.v.)
and the same remarks apply. Snow fed. The Biera Ganga flows from it to
the Kaliganga. (Site not identified).

Jumna River—The scheme of the United Provinees Power Association
(Major-General Beresford Lovett) mentioned in Table 5, wasa double one.
The sites are at Jalanta and Binahar respectively. At the former site a double
loop was to be utilized by making two short tunnels through the spur, a canal
joining up the tunnels, and giving a fall from R. L. 2,362 to 2,194 or say 1063
feet gross. The latter is a single loop, involving a 2 mile tunnel, giving a fall
from R. L. 1,953 to 1,608 or 255 feet. 'The existing concession is partly in
Tehri State. Minimum discharge about 750 cusecs; snow fed from a very
large area. The promotors of this scheme reckoned, after full investigation,
that they could obtain 26,000 . h. p. at Binahar and 12,000 e. h. p. at Jalanta
at about one-third of the cost of the larger scheme. It is a matter for regret
that for various reasons thesc promising schemes had to be postponed ; it 1s to
be hoped that they ave not abandoned. (Map 53 I 14).

Kalaunic Nadi.~This is reported as unlikely to be of any use. It is to
the west of the Sarda.

Kaligange River, Garhwal.—(See also Jagei Lake).—It has been sug-
cested that a large reservoir could he made near Launsari. The stream joins
the Kail and the Pindar. (Site not identified). : ,

 Kanhar River, tributary of Sone, right bank conditions similar to Rer
River (q. v.) and worth investigating. (Map 63 P. 3, 7, 5).
Karanauti, Khajuri, Dalwe and Jargo Nadis, Mirzapur District.—These

" small nalas rise in the lower scarp of the Vindyas and flow north to the Ganges.

There are small storage sites and falls of from 50 feet upwards, but in view ol
the Detter sites in the district they are at present not worth more than record.
Some power however can doubtless be developed, and might be useful to the
neighbouring quarries, Rainfall about 40 inches, nearly all between June and
September. (Map 63 K 12).

Karamnase River, Benares State~—At Nangarh, 40 miles south of
Benares, there is a reservoir site investigated by the Irrigation Department
and found capable of storing 3,500 million cubic feet at a cost of 12 lakhs; as
an irrigation project it was abandoned. A smaller site holding 700 million
cubic feet was also located on the Gurwat tributary, 4 miles below Nangarh.
Near here there is said to be a fall of 210 feet and another of 100 feet, on the way
down to Chakia, where the reservoir of the Benares State Canal is situated;
possibly they can be combined. The value to the State of the tail waters of
the proposed large reservoir, in keeping the existing irrigation reservoir always
supplied, is obvious. The site seems likely to afford at least 4,000 e. h. p. con-
tinuously within 40 wmiles of Benares, probably far more, and is well worth
further examination. Details of the sites are available in the Chief Engincer’s
office. A request to examine the site has heen received through Government
on hehalf of the Benares Darbar, and enquiries have heen made Dby Messrs.
Martin & Co. The rainfall is about 0 inches of which 81 inches fall Dbetween
June and September. (Map 63 P. 5).

Ken River, tributary of Jumma.— At Paind village, Panna ‘State, helow
junction with Sunai (Sonar ?) there is a favourable reservoir site with a catch-

o
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n‘)ent area of 5,700 square miles and a recorded {loed discharee of 325,000 cusces
The site has not been identified.  (Map 54 P )- 7 o e

_K/zo]z Liver, Garhwal—This falls very low but - does not dry up.  About
4 miles above Dogadda (on the cart road (o Lansdowne) a ]xrom(;nto{'.' ‘ﬂijou't
closes theravine. Tt was proposed some years ago to make a dmn) 11‘(;1':0;0’
generate power for a ropeway Dbetween Lansdowne and Doeadda. but the
project was dropped in 1914, Site not identified. (Map 53 K g, 10 "4’) |

Kosi Z_E»wer, Naini Tal District.—The minimum rocorded’ dis:cl'l'n'ﬂ'e at
Ramnagar is 152 cusees, and the dry weather flow is generally over 20(() TICI'(; ;
there are no gaugings higher up, where falls can certainly be developed. The
river is not fed from the perpetual snows, but vises in high altitudlcs i 1l b
Almora district, with a rainfall of 50 to 100 inches. N ove?nber and Decemb N:
ouly have averages below an inch, though July to September gets most of ﬂ(lll
11‘:11111.‘ u’fhel river merits further iu\'estigatién and is beintg’;f gauged. Neat
a E;)aa?:g)x. 1t 1s reported that damming would be feasible and power obtainable.

Mussoorie.~In addition to the existing development for Mussoorie and

NS T . X
Dehra the Kamptee Talls on the Ringel Gad were mentioned and are to be

examined. The catchment is only about 4 square mi The di i
: . A juare miles, The discharge in 19
i,ell to '8 cusecs as there was considerable irrigation higher up. A ;:?I‘VI 1](;f gég
feet can be obtained with a flume of 1,850 feet, and a regulating tank can he
rb‘mlt. Olhe minimum discharge of the Bhatta, which supplies Mussoorie (sce
lgbl-ej 2) was § cusecs in 1919. The Rispana stream had a minimum discharoe
of 3'8 cusees in 1919 and a fall down to Mukrat of 720 feet with a pipe line of
—1‘,2500 feet. The Aghlar stream is more considerable ; it lies hetween Mussoorie
111%1 t_he range t9 the north. The discharge below Tonata at the junction of the
hakrana was 54 cusees ; at the Bhilarm junction 41 cusecs; between Kempti
al}d Bhilaru streams 65 cusecs; and at Kempti junction 41 cusees. The
average fall is 150 feet per mile for 6 miles. fThe country is difficult and
transport of machinery would Le costly, but this river scems the best for the
Muss%ome-])ehm extensions. (Map 53 J 3 7). ’ '
Naini Tal Lake—The old proposal to utilize this lake f ‘ .
. ini 1 : ' ISt , ‘ ake for the supply of t
_11111~ station is again under consideration of Government. A head b(?il’) 1)1:\08?) ﬂé((j
1,350 feet can be obtained. It is proposed to instal 600 kilowabts (450 working
;md one dspal]'el Setl) aé; a cost of 4 lakhs. The storage area, if a dam is built, will
e considerable 5 but the mud flats when the water i ’ 7 prov ‘ecti
e 550 5. n the water is low may prove objection-
Nandhaur River, Naini Tal District.—1he minimn i ‘
. > N fi rict. m recorded dischare
is 18 cusecs at Chorgallia canal headworks, while the average is consliflcerii)??
i“gl;zath“{tggllou‘ﬁt tlhe dry months, from 22 to 60 cusecs. Talls have not beegl
ocated and the catchment is small. Rainfall 5 i 3 istri
e, Al 5 O Ty all 50 to 100 inches, well distri-
Nayar River, tributary of Ganges.—There i i '
‘ ar River, ¢ nges. 1s a waterfall in the Raster
l]J:Jlranch of this river near the Baijran-Kainur Road, 40 miles north-e;sst eloltl?
ansdowne (Garhyml). 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 tale out of the Eastern Nayar, a little above
gls Junction with the Western Nayar, to run by a siphon under the latter and
i en proceed along the Main N ayar to Banghat and Bilkhet, It is said to
l.Se apgfzi)ée to adolf)tﬂa t351111111£u' project for power purposes at Bilkhet where there
o ) e b3 tI1] Y. - * d =~
Ko )llige of flat land and terraces with a fall of 50 fect. (Map 53 J 16;
Laisuni River—Near Markundi station there is a 150
. Da er.—Near Ma at were 1s & fall of 150 feet. The
; x(; (‘)111 (}11 1esl u%) eutxr;ly, but the catchment is 175 square miles with a 1'ai6nff111“(§(é
mehes betw a y age si ' ‘o
s 5: elegn). une ‘111(1. September. Storage sites may be found. (Map
Lindar River.~This snow fed river carries a 1 '
- ) W | arries a large volume of water from
a very large catchment, and is said to orth prospectine . i
Sypery laxg O 555} be worth ‘prospecting. It runs into the
LRamgunga River.—This rises in the Garhwal distri | \ .
; ver. is 1 rhwal district. At Tarag Tal, i
the west Almora Forest Division, a landslip in former times blocked ’?he ;L’asllel;

of a-tributary and formed a lake ; the embankment however is far from water--

tight. Below here there is b‘elieved to be a fall of 600 feet or more in 1% miles
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The site is worth reconnaissance, but is remote.  Catchment arca of tributary
not known. Rainfall 50 to 75 inches. This is probably cither the Gauna
Lake (q. v.) or the Jagei Lake (¢. v.) bub the accounts received do not malke
it clear. (Map 53 0 1, 2, 5, 6.) ,

Rer River.—'ributary of Sone, right hank. (Riland River in Atlas ?).—
A perennial stream, once estimated as carrying 200 cusees in May, and there-
fore probably having a considerable hot weather discharge.  LRuns in gorges
with alternate pools and rapids, but little known.  Almost certainly has power,
and requires prospecting.  Rainfall 40 to 50 inches of which 93 per cent. falls
between June and October. (Map 63 L. 15, 16 and P. 3, 4).

Sarassaliganga River, Garhwal.—Two miles north of Badrinath this
river drops 300 feet where it passes through a narrow cleft, spanned by a
bowlder over which the Tihetan trade route passes. The river is snow fed and
has a large hot weather discharge, hub as the altitude is 11,000 feet it is unlikely
to be of any use. (Map 53 N 5.)

Sardal and Sarju Rivers. Naini Tal District. Details of gaugings are
available in the Chief Eugincer’s office, the river having been completely
surveyed for 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 whicl the river appears to be the boundary. The
upper reaches of the Sardah are called the Sarju, and it is believed that power
could be 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 flow in.  Of these the Sarju is partly
snow fed and has many rapids, and its feeder streams may possibly prove of
value also for forestry. The Gori is also snow fed, and should be an excellent
source of power, but it is very remote. The Dharma and Kuti also rise in

glaciers but are even more out of the way. (Mlap62C2,3,4, 7, 8.)

Tous River.—~Lonipur in Rewah State is mentioned, the river having a
catchment area of 3,400 square miles in Baghelkhand and a flood discharge of
100,000 cusecs. 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.  Turther up
still, at Chachai, 3 miles from Poorwa, there is stated to be a fall of 300 f{fcet;
but the dvy weather discharge is small and a rveservoir site has not been located.
The rainfall is about 44 inches of which 41 inches fall between June and

September (Map 63 D or I1.)
" Tons River. Delira Dun. A site is mentioned near Kalsi, where this joins

g =4 el .
the Jumna (Map 53 F. 10 or 14).

DNote {{)—A full report on the general features of Garhwal and its many streams has been veceived from the
Commissioner, Kumaon Division,  The more promising have been entered above, Dut the list will be useful to
the officer examining the district. . . ) o . o

Note (¢7).—There is doubtless great power in the Nepalese rivers Karnali (or Kauriala), Sarjn, Rapti, Madi,
Budyar, Trisulganga and its tribatavies, San Kosi and its tributaries. No data arc lowever available regarding
any of these rivers.

Canal Falls, Unifed Provinces.

Urrenr Gaxers CavalL,

Anupshahr branch—
Anikas falls—Minimum 150 cusces for 155 days.  Iall 5 feet.
Bhagwantpur falls.—Minimum 150 cusees for 155 days.  Fall 8 fcet.
Malri falls—Minimum 220 cusces for 160 days.  Tall & fect.
Jakhera falls—Minimum 230 cusees for 160 days.  Tall & feet.

Dehai falls.—Minimum 250 cusees for 160 days.  Fall 12 feet.
Parichatgarh falls and regulator~Minimum 825 cusecs for 170 days.
Fall 8} feet. '
Dhakauli falls—Minimum 300 cusecs, but 400 cusces for 150 days.  Fall

‘ 7% feet.

Akbarpur fulls.—Minimum 300 cusees, but L00  for 180 days. Fall
8'8 feet.

Churiali falls.—Minimum 300 cusecs, but 500 for 190 days. Fall 7 feet.

Nore.~—The normal flow during most of the year is much greater.
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Hachua folls—NMinimum 600 cusees for 8 months.  Tall 61 1 - » Eastern Jumna Canal Upper Division.*
Sowera fulls—Minimum 600 cusees, hut 500 for 8 1)10311}1: ' 11?’2%1 8 feet Belka bridge fall—Minimum 350 cusees, but 740 for 9 months. Fall
8. lrall s leet. kea br /. —\i Bi secs, 40 for & hs. I

141 feet.

Dialpur fall —Same discharge; fall 58 feet.

Nogla bridge fall.—Minimum 350 cusees, but GGG for 9 months. Tall
7 feet. ‘

Babail fall.— , B Ditto.

Randoul fall.—Same discharge ; fall 84 feet.-

Ghuia and Sarkari falls—Same discharge; might he combined to give

WWalipura falls—Mini ; - . .
pura falls linimum 600 cusees, but 1,300 for 9 months. Fall 101 feet fall.
. Hilapur bridge fall—Minimum 350 cusecs, bnt 498 for 9 months. Tall

5 feet.
Sananta  falls.—Min; X . _
fells.—Minimum. 600 cusees, but 1,500 for 9 months. Fall G} feet.
. Megchaper fall.—Same discharge ; fall 44 feet.

48 feet.
Delra falls—Minimum 600 cusce =00
um 600 cusees, but 1,700 for 9 months.  Tall 7 feet. Reri fall—Same discharge; fall 3 feet.
Malri bridge fall.—Same discharge ; fall 43 feet.

Lalra fells.—Minimum 600 cusees, but 1,100 for 8 months.  Fall 8 feet
N, k20 e,

Bulandshahr Division, -

Dasua —2ini RO
ﬁ{({i&in;l;mmum (2?0 IC“S@CS, but 2,500 for 9 months. Fall 8 to 9

L casing with low supply.  Will ojv o ¢ L Ny -

for 8 monthe. pply. Will give nearly 2,000 c. L. p. Salampur foll—Minimum 250 cusecs; fall 56 feet.

# A1l the above have larger discharges as a rule, from 1,000 to 1,770 cusces,

Lower Gaxeres CANAL

Meerut Division.
DBundellliand Tract.

Bhola fulls—Mini usees 2,700 f
/; e ;11;113[‘1}111]1‘6‘3(?)(()(1)1%&i but %,/OO for 9 months,  Fall 12 feot. Iuformation o yet vecetvet
e t]fis ppedy , e hop. for O months. Tt is anticipated
L \’[eentdl t\\l he );u.t_lhze_d in the near future for the su‘))lv
eetg ' 1£ )lu» only 750 kilowatts (givirg 500 kW with a ql)lfn‘u
‘)‘ _are to be mstalled at a cost of about Rs. 5.00 OOO(”‘I'_I:I :
110,]?Ct is now gnder consideration of the Loeal vae;u hent, The
inlet channel will carry 60O cusees. 8 wmiles from M eeﬁem' The
Salawa falls.—Minimum 600 cusecs, but 2,900 for 9 months Fa.ll 12 feet
: = 1¢eb,

Will give 3,000
8 000 e. h. p. for 9 months
On the minimum discharges the following power is available (in small

Chilaura falls, --Mini j
(8. --dMinmmum 600 cusces, hut 3,000 f. .

2 T e SCCS, ) or 9 months. T 1 ‘

feet. Wil give some 2,700 o. L, p. for 9 monthe. & § lall‘lO units) from these canals; on normal discharge for some 9 months 2 or3

nagar. hs.  Near Muzafter- : times the amount could be obtained, viz. :
Jauli 's.~—~Mini | | | |

Jalls.—Minimum 600 cusees, but 3,500 for 9 months. Tall 10 feet
Urrkr Gaxges CANAL.

1].1 o1 T a l ‘ - < g .
O )Ollt !J)- O c. ll. Y, fOl y 3 i

Anupshahr Braneh . 1,600 e. h. p.

Aligarh Branch 1,200
Northern Division. . : . Bulandshahr Branch 1,400
A gajni full [ Meerut Branch . . . . . . . 2,400
rgajni falls. - Mini : , e _ : ’ e o ann
qu ot \Vﬁim:i?rle 60}0 Ctmie(c)s(j but 8,600 for 9 months. Tall ' Northern Division . . ) . . . 2,906,
I : about 4 : ‘or N | TastErN Juava Cava, 2,400
3111Z&ﬂel‘llagzl1'. > 000 e. b p. for 9 months. Near 7”7]::\“311311\1 Jumuws Caxat ,IJ_,_ .
' Torsn . . 11,900 e by

Mohammedpur falls—Minimum 600 cusees bub 3,750 for O months, Tall o
, 9 mounths, T'a

122 feet. Will oi
- e 1 o1V, o 4
Il give over 4,000 ¢. h. p. for 9 months, r _ ‘ _ ‘
The power in any particular instance may here be found by e. h. p.

Asafuagar falls—¥Minimum 600 ¢
AN L cusees, but 3,800 for 9 i o aa Wer
107 fect.  Will give 3,700 e. h. D. for 9 monthe.  News o] =usees X fallin fec,

1?((&/1ré1[(111.3.731]1';11'11111111 600 cusecs, but 4,500 for 10 wonths. Tall 10
cet.  Will give 4,100 e. h. p. for 10 m . Midway et
Roorkhee ari oo 1. p. for 10 months. Midway between
Salempur and Bahadurabad fe |
. Balkadu - falls.—Already combing ilized i
part.  Minimum 600 cusecs, but -‘1‘,560 foi‘n l(l)ngloniﬁ(: l'lgclli;lll(l!?inlri |
s. ec -

fall 17 feet. C :
months, an e developed for nearly 7,000 e. b. p. for 10

Ranipur falls.—Minimum 600 ' :
PR . cusecs, hut 4,5 | .
9 fect. Will give over 3,600 e, b, D. fof(l)(()) ni%ln tlllg months. TFall



'ADDENDA TO LIST OF SITES.

Received after going to Press.

Assam.

o

Cachar.—1In the North Cachar Hills, near Subong Tea Estate, it is stated
that a valley could be dammed to forni a lake in the Abong River. Other
similar sites arc mentioned near Loobah and Soonamganj; while the Kiang
River is said to be worth investigation.. -

i

Bengal.

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

0to 2§ miles . 15 feet per mile.

A D4
~i t9 1:«; 32 . . . . . . . 15 22 n
D0 BREE - R
l"S t() 21 5 R T R N T
912 208 3
21 ¥ [()\\f)‘_‘ 93 45 2 n
205 4 . "hl ) Rad
3 .)5 to 17 T ' . . . . . s WDy
477 to 528, } . . . L2288,
5ol SE 413
Oy to 61 T . . . . . . . 113

Cold- weather discharge not less than 1,250 cusees in North Sikkim.

Bombay.

DBedéi BR.—Magod [ails, near Yellapur (Map 18 J 9). The falls on the
branch from the South, 4 miles above the junction, are 328 feet.  Falls on the
main river 3-miles above the junction are indicated, but not their height.

Ghataprabe R.—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, E. 4), and the
-rapids at Katabali (4” topo. sheet 274 8. W. 1) are also mentioned.

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

Markandaya B.—There is 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. 4.

Souda Nala.—Near Thihalli, Sirsi Taluks. The falls are over 300 feot
high. (Map 48 J 13 ; 14).

Burma.

. Lilu Ch., tributary of Mon, near Paungseik.—A fall of 100 feet with
perennial flow reported. Shwegyin Division.

Maisakhaing Ck. near Kyankpon.—Two fallsof 50 and 75 fcet reported,
with perennial flow. Also, higher up, two falls of 10 and 100 ‘feet known to
the Karens as the Donwe and Kyaukoh Falls. :

Pada Ch., near Khedo.—A fall of 100 feet reported with perennial ﬂ..ow.
Shwegyin Division. .
| Central Provinces.

Gogra B.—There are rapids near Schagpur.

Hasdo R.—A large peiennial flow over rapids of 20 fect is found 10 miles
North of the Railway.
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Narbada R.—Gaugings were taken at Khiranighat, near Jubbulpore,
during Mavch, April and May 1919. The catchment arca there is 6,500 sq.
miles. The maximwn flood discharge recorded up to date is 2,395 susecs on
20th March 1919. 'The mecan aischarges were as follows :— :

March 13th to 15th . . .. 51Y cusees Y ags . o
) 16th to Slst . ) Coess o, }memum 412 cusees.
April 1st to 15¢h . . . 405, } C17s
»  1Gth to 30th . . . 254, ” Yoo
May Ist to 15th . S I I } i
16th to 26th . L2156, » T

b3 -
Total flow in period 2,701 million cubic feet.

The Kapadhane Falls below Amarkantak are about 100 feet:

Nimgahan— Af altitude 2,700 feet there is a perennial stream with a  drop
of 1,000 feet in a short distance. : )

Pengange R.—Xinwat Forest Reserve, Berar. The Sahasrakund {fall
near Bittargaon (Map 56 T 3) is 120 feet. A further possible site is indicated
on sheet 56 1 5, in the Kelapur Forest Reserve.
_ Rakshadah Fall.—This is on the border of the Lurmi Rangd and Mandla
District, near Berar Pani. Said to have a drop of 1,300 feet in a mile,

P

Madras.

Kolah B.—At Bargra ncar Jeypove; (Map 65 9). There is a site for
power here, reached by a footpath of about 4 miles from the Jeypore ghat, at
mile 58-0 on the road. Three falls exist of snme 150 to 180 feet 'in the
aggregate, but by utilizing a reservoir site higher up a fall of 800 feet may be
obtainable. A sketch has been forwarded, bub gaugings have not so far heen
reported. It is worth further examination as the tail waters could be used for
irrigation on the Jeypore Plateau. ‘ :

Machkand RB—The Duduma waterfall near latitude 18° 313, longitude
527 31} (or 82° 28" as shown on Atlas sheet 65 J on the 1” scale) has been
- measured and found to be of 540 feet.- A float gauging made at the beginning '
of May, said to be at the driest time showed 10f cusces with & coefficient 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 probable that there are many
others higher up still. No details are given as to capacity, but the sitc is
certainly good for 5,000 ¢. b.p. or more. Vizagapatam, where the harbour
works will require power, is 80 miles distant. '
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