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INTRODUCTION.

The Report —This First Triennial Report of the Hydro-Electric Survey of India ronta
considerable amount of technical matter which appeared in the Preliminary and Second Re,
the former 15 now out of date while the latter was of the nature of an inferim report only.
present volume contains information and directions which will enable the'civil and electr.lcal engin
engaged on the practical work of the Survey to size up the potentialities of any possible sourc
power under investigation. 11 the explanations in Part I of this Report appear somewhat ¢
1t must be remembered that the officers 1n charge of the Survey in the Provinces have had, for
most part, no previous experience of the spectalized problem of water-power ; and, dealing with
mense areas, their subordiate staffs have necessarly had to work largely on their own initiative,
no text books other than the earher reports.  Applications for coples of these reports continuc
come m from all parts of the world. The first direct result was seen during the cold we=¢t
1920-21. when techmical representatives of a number of large firms interested in plant for hy:
electric developments visited India to sce for themselves what the prospects are and what are
spectal conditions to be met with on projects which have already been investigated.

An explanation of the change of size and make-up of this Report is obviously called for.
Preliminary Report was issued i foolscap, and the Compiler was told that the public would not ..
blue books ; though 1n pomt of fact several thousand copies were actually distributed. The Se.c
Report was consequently printed in quarto, in the style of the reprints of several Government C~
mittees” and Commissions’ Reports ; this size however does not lend itself to the insertion of m:
and diagrams, which when placed in a pocket are often left there. Now that a substantial amot
of work has been done, and the zpeculative “ sites > of the earlier reports have in many cases eith
been wntten off as useless or found to be of value, an intermediato size of page has been definit.
adopted. The earlier reports also cease to be of value, as the present one contains what is still
{ul from them, so that 1t is not necessary to bind them together with this volume. The curre
Report of the Inspector-General of Irnigation is being issued in a similar size, and the two subjec
will sume day be more mtimately connected than they are now.

The list of sites in Part II of the Report is set up in alphabetical order as far as possible, :
shown by the full Iist of contents, but a complete index is also given.

The Survey, Provincial —As a consequence of the “ Reforms ™ the Government of India decidec
in October 1920, that ** all outlay on water storage and water power will be Provincial charge,
the necessary provision for hydro-electric surveys should thercfore be made in the Provincial ..*
mates from and after the year 1921-22.”  Consequently the funds required for carrying on the Surve
from tbe Ist Apnil, 1921, have been voted upon in the various Legislative Councils, and in a goc
many instances reductions were moved. As matters now stand the Survey is in danger of ~ Tir
betneen the upper and the nether millstone, as the Government of India is no longer able to provi
funds for the continusnce of the work. Nevertheless, the slender thread that binds the C*°
Engincer to his colleagues in the Provinces has proved to be of good material ; and to one and ~*
of those colleagues and their assistants Le tenders his heartfelt thanks for their cordial co-ope *
It _cannot be too plainly urged that the completion of the survey is of the utmost importance to th
industrial future of India ; and that it will be carried out more 6{ﬁciexxt1}' if the work 1s done q--' 1’
and with as few changes in personnel as possible. The subjects of Water Storage, Water-power a:~
Electricity are “ Reserved.” In technical matters the officers in charge in the Provinces are free
as heretofore, to consult the Chief Engineer on technical questions either by correspondence or wh..
the latter officer is on tour ; but they remain under the direction and orders of their own Chief En
gincers. In the detailed sections of Part II of this Report the facts stated are taken, in most cases
directly from Provincial reconnaissance and Survey reports; the comments and (in some cases)
estimates of power have been added by the present writer.



INTRODUCTION,

Personnel.—Nr. F. E. Bull, Chict Engineer, left India preparatory to retirement in Mareh 1921
was succeeded by Mr. J. W. Meares, Electrical Adviser to the Government of India, who for the
1d time took over the direction of the Survey in that capacity. During his absenco on leave
Meares spent a short time in Sweden and Norway and submitted & separato inspestion note
rding the hydro-electric works visited, which has been cireulated to all officers concerned.

In Assam, Mr. B. A. Blenkinsop has continued in charge, except for a short part of the summer
)20 spent on leave in Burope. The survey is proceeding.

In Bengal, no onc has hitherto been apponted to the Survey, and no progress has therefore
1 made ; but steps are now being taken to rectify this omission.

In Bibar and Orissa, Mr. Stevens took furlough in 1920 preparatory to retirement and hither-
10 whole-time officer has been appointed to take his place; the current duties have howover
1 carried onby Mr. H. Wardle, Superintending Engineer. It is hoped that an Lxecutive
ineer will be appointed during the current cold weather.

In Bombay, Mr. P. L. Bowers, C.I.LE, M.C,, has remained in charge, except for shorb leave
1ng the summer of 1920. Three additional officers were selected in England to assist Mr. Bowers,
vhom two took over their duties during the cold weather of 1920-21. Meantime, by Public
tks Department Order No. C. W.-12193, dated 8th August, 1921, the Government of Bombay
decided that the Survey shall cease forthwith. A separate Report on the work done is being
)lishez(i1 by the Government of Bombay, and certain rain and river gaugings are to be
tinued.

In Burma, Mr. H. Nimmo officiated for Mr. B. Raikes during the leave of the Iatter in 1020.

Raikes took over charge again in the cold weather of 1920-21. Two additional officers were
xted in England to assist Mr. Raikes, and they have taken up their duties.

In the Central Provinces, there has been no progress in the survey, the whole staff having reverted
Trrigation owing to famine demands. The present report deals fully with the admirable work
ried out by Mr. Powys Davies and his successor Mr. N. C. Bhattachar)i during their one working

son.

Tn Madras, Mr. R. T. Sneyd, M 1" ~%=x= i shoven wabived fonm Oovernment service during the
ir ; he was succeeded by Mr. J. © : : : urvey is proceeding.

Colonet B. C. Battye, R.E., D - . . X 7 of the Sutlej River Hydro-
ectric project and its subsidiaries during 1921, and submitted his Report to the Punjab Government,
«cept for this project no officer has been appointed in the Province, the enormous potentialities of
iich are practically unknown. Steps ate heing token to start a general reconnaissance this year,
an officer can be spared.

In the United Provinces, Mr. T. M. Lylo continued in charge until he proceeded on leave in May
121, when Rai Sahib Shanker Das, Assistant Engineer, took over charge from him.

Empire water-power resources.~—The final report of the Water Power Committee of the Conjoint
oard of Scientific Societies has now been issued. The Report states that while “ more or less

dequate steps are being taken by various Governments ...,........ taking the Empire as a
AR -1k E R Lt o e . N
. . . . . methods
: . . ] . ] ) . . + ade or to
¢ . - . . [  matters
tand - —
HYDRAULIC JIORSE-POWER. Per cent. of
avmlable now
1
Avatlable. | Developed.
Furepe L 47,300,000 8,450, 00 180
North Americs {including Canada) . . . . . . 50,800,000 8,805,000 173

Botish Fmpire (except Canada) . . . . ., ., 41,200,000 605,000 17 -




INTRODUCTION.

= From pages 54, 55 of the present Report it will be seen that the probable water power of T
for * maximum devclopment * is some 12,680,000 kilowatts, equal to 213 million water horse ; -
of which only 1} per cent. is developed or in course of development. The proposed * Imp
Water-Power Board ™ is therefore much needed. Tables 4 and & on pages 306, 37 will also ..
perusal in comparing India with the rest of the British Empire,

SpiLa, J. W; MEARES,
22nd November, 1971,
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PART 1.--TECHNICAL MATTERS.

Crarter L—Water PoweR.

1. Basis of water power.—In order to obtain
power from water it 1s necessary to have—

(i) & definite flow of water; and

(i) & fall of suffictent amount, whether natural or
artificial
A perenmal flow of water may be obtained—

(a) from the natural flow of a river or stream

(b) from the artificial flow of an wmgation or navi-
gation canal ;

(c) from the regulated outflow of a reservoir of
gufficient size; or

(d) from a combmation of (a) and (c) or (in rare
cases) of (b) and (¢).

By 1tself such a flow of water is not of any substantial

value, although the fact of flow existing at all shows

that there is a fall A sluggsh river, meondering

through practically flat country, can scldom be harness-

ed , and, without the creation of a definite fall, never.
The {all may be either—

(¢) & natural waterfall, whether of the vertical
and spectacular variety or a cascade;

(f) a series of rapids, not amounting to a waterfall,
but equivalent to one from the present point
of view |

(g} an artificial fall created by a * liting dam™
or barrage 1 a niver or a weir in a canal;

(%) an artificial fall obtained by concentrating the
gradual drop of a stream or source over a
considerable length, by means of an artifi-
cial water channel constructed on & much
more gradual slope on the banks or lills
above the stream ; or

(?) an artificiol fall ereated by diverting the waters
of a source at o ligh elevation through tl:e
water-parting,

2. Examples of combinations of flow and fall—
Combinations of most of these types of fall with the
varieties of flow can be found in actual or potential
power schemes; thus—

Combination ae Couvery falls, Niagara, ete, cte,
" af. Um Tru project, upper rapid

" ag Notoddon plants and many suggested in
xeport.

" a b, Fimla, Darjecling, Mussoorto,

”» 8. I’yknm nver,

Combination b.e, Malakhand canal project.

£ Many canel rapids.

-g. Ganges canal plant § Amritsar

h. Not possible.

i Tncongruous,

e. Cordite factory ; Rjukam, ete.

-f.  Trollhatten,

£ Couvery nnd Blmndurdnm dams, cte
h, Tata"H. E. Co

i Andhra Vulloy \Mn Maula project.
e, &4, &g Um Tru, lower rapids

h Most projects m Central Provinces,
d-i. Tons River, Rewah.

b
b}
by
bl
" b-i
e
-}
-
o-|
[
e
a

These examples may not always be exact, as th
are combinations of every sort to be found; all .
be made to yield power.

3. Compufation of water power.—The rate
which power can be generated (expressed in horsc
power ot kilowatts) varies directly as the product of ¥
1eight of water falling per unit of time and the'rs ©
height through which it falls, The total amount of .

80 generated in any given time varies directly as +F
product of the total weight of water falling in that i
and the vertical height through which it falls. In
countries the units used are; for the fall, metres; fc
the flow, cubic metres per second. In India the fo
and the cubic foot per second or *‘cusec™ are used
In America cusecs are called “ seconds-feet,” which
8 less self-explanatory term. The weight of & .°
foot of water may be taken as 624 Ibs. A metre ;.
3:2§ ft. and a cubic metre 35:3 cu ft.

The various units of power and the methods
computing are given in Appendix I. It will be sufficier.
Lere to say that the kilowatt is employed throughou
this Report as the unit of power and the kilowatt-
hour as the corresponding unit of energy. The power
obtainable from the flow of any source can be found
approximately by——

Kilowatts=flow in cusecax head in feet{15.

The total energy obtainable from any source, whether
from flow or from stored water, can similarly be found
by—

Kilowatt-hours=thousands of cubic feet of waterx

head in feet/56.

Where large storages are in question the kilowatt-
year, i.e, 8,760 kWh, is a moré convenient unit, and
the corresponding formula becomes—

kW. years=millions of cubic feet of water X head
in feet/500.
c
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4, Abhreviations used.—The abbreviations kW.
it kilowatt ; kWh. or unit for kilowatt-hour; b. h p.
x brake horse power ; cusec for cubic foot per second ;
, for feet; eu. ft. for cubic feet; and m. e ft.
r millions of cubic fect; are used thronghout this
eport.

5. Flow and fall.—It is quite clear that, as the
roduct of flow and fall is the measure of the power,
n immense variety of conditions can be met by vaua-
ion in one or the other. Thus any product of head
nd fall that comes to 15,600 cusec-ft. will, on the for-
nula given, show 1,000 kW. m resulting power,

The following variations are all within the limits of
1tual practice, and all make up the same power (neg-
lecting minor variations in efficiency) .~

Feet

5,000 cusces on & head or fall of ~ 3
GO0\ » ” » . . . 30
50 . » " ” 300

& oW " " » 3,000

6. ¢« Working head,”—Thus the value of a given
total quantity or a given rate of flow of water, in terms

Fovebay
Ofkan hamns Comh
Heod Ceval

Heap

|
\
Lrais et

[Para. 4.

of power, ia directly proportional to the working head ;
this is the difference in level 1 feet between the forcbay,
or pipe entrance, or head waters (as the case may be)
nnd the point where the water finally ceases to do work,
diminished by the lowses in the paseage, except turhine
losses which come into the turbine efficiency. This
is illustrated by Figa 1to 3. Tig. 1 represents o
very low-head installation, with open penstock setting
and draft tube. Fig. 2 represents a medium head
plant, fed by a pressure pipe and using o draft tube
to the tail race. Fig. 3 represents o high head im-
pulse turbine, and here the water has done its work
after striking the buckets, and falls into the tail race
freely ; the draft head cannot therefore be used. The
lowest head that i3 of practical use (except on a toy
scale) is about 3 ft.; the highest so far developed
in one stage is over 5,000 ft.

7. Combined irrigation and power projects.—
India contains a vast system of irrigation works in the
form of canals, fed both by perenninl rivers and from
storage works Hitherto the combination of irrigation
and power has not made any great strides, although a
few canal falls have been utilized and the harnessing of
the Penyar Lake has been discussed for a generation,

Fovalay

Foretony

==

1
1
{

Heao |

l—'xj 24 bietm nEAD

Heap
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The main disadvantage of such power 15 1ts disconti-
nuity . m the first place, canals fed by tanks or lakes
with a himited supply can only be run when the wateris
needed for the crops, and, secondly, canals fed by «ilt-
hearing rivers have to be closed periodically for repairs
and cleaning out To prevent breaches canals must
be closed when ram, sufficient to tahe care of the crops,
falls  Verv few, if anv, of the Northern India canals
have escapes capable of disposing of the supply once
the demand glackens and very few could be provided
with escapes at any reaconable cost, 1f at all. 8o long
ax the power s beine used to pump nater up to irngate
arcas uncommanded by the canals themselves, or to
dram water-logged land by means of tube wells, closures
do not matter, for they occur when these operations
would be 1o abeyance  Where however power 13 to be
used for ordinary industrial purposes 1t may be a sertous
matter 1f both the capital and lJabour employed are
Lkept 1dle for weeks Reserve steam or oil plant may
then be neceseary, and this nvolves large additional
capatal cost .

In any part of India where further irnigation works
are needed there may be an opening for the combina-
twm of these with power supply. Where large reser-
vours are mvolved this 1s evident, for the tail waters
from the turbmes may be discharged directly into
canals It 1s probable that, m order to get suitable
ground for such a canal, 1t may be necessary to sacrifice
some *“ head " on the power plant; but that can well
be faced, as such a combined project might pay where
1t would not do so 1f confined to either irrigation or
power The cost of the storage works would be met
by both undertakings In the case of the canals fed
by perennial rivers the same combination offers attrac-
tions Hitherto, as pointed out at the Punjab Engineer-
g Congress in 1919, the posubility of utilizing eanal
falls for power purposes has not been taken definitely
1nto account 1o their design and lay-out ; thus there will
often be several small falls 1n a few miles of canal
where a single fall would have becn practicable and
would have been far better for power development.
It is to be hoped that in future this will be borne in
mind, Several small falls are however preferred for
irngation purposes on the score both of economy in
construction and of facility of command.

A good many combined irrigation and power projeets
will be found in this’ Report, especially in Bombay
Presidency As & particularly interesting example
of a prehistoric storage scheine, anticipating modern
engineering practice in the matter of watershed crossing,
the reader may be referred to the Prnjikaye project in
the Palm Hills, Madras (para 105). Here a fall of over
5,000 ft. can be utilized before tailing for irrigation.

TURBINFS I'OR VARIOUS HEADS,

CuarTer 2.—VaricTins of Hypravie Lav-ro

8. Turbines for various heads—The many
ricties of flow and fall described in paras. 1 to 4 at
may be developed also in & number of ways ; and -
one of the man functions of the water power engin
to determine in any given instance which method -
prove the most suitable, what working head should
actually used, and o forth  Thus, where high
medum heads are involved, 1t is often possible to ~
several sites for the forcbay and the power house, givi
different heads, one of which will almost certainly
preferable to the others. In low head projects naic
or works already constructed more often settle the he.
but here again the lay-out may be of several kinds.

On low keads, such as canal falls or rapids in rive
the reaction type of turbme is invariably used—+
Francis wheel being the type at present employed. .
disadvantage of very low heads is that only low spee-
can be obtained, involving either very large generatc
or mdircet driving of high-speced generators. T
provements however are being made; see para. h
On very low heads an “ open penstock setting " is *
employed, the open wheels being fixed at the bottu
of the forebay itself, with the shaft passing "«
s water-tight partition. The reaction type of whe
functions by water pressure, the wheel (and its ca.” .
when there is one) being entirely full of water. TF
dischargo from the wheel is conveyed by a droft tub
or sucton pipe, to the tail race level, as shown in Fig.
It is immaterial up to the practical limit of suc
head (depending on the altitude and the atmosphe *
pressure) whether the working head is above or bel
the wheel; both contribute in every case. Often t
draft head accounts for a very large proportion of +
total power.

On mediwm’ heads, up to several hundred fect, re
tion turbines aro also generally used at the present day ;
but there is a zone at about 350 ft. or 400 ft. where
cither reaction or impulse wheels may be used. The
latter may be considered as high head developments.
The medium head reaction wheel is fed from pressure
pipes, and a draft tube utilizes the available fall below
the wheel, as in Jow lead installations (Fig. 2). The
draft head is limited to a matter of about 29 ft. on
small turbines at low altitudes, and can not exceed
about 9 ft. with the very large pipes now often employed
on large wheels On medium heads the additional
power obtamned from draft is still substantial, but not
50 vital as on low heads. Moderate speeds, suitable
to what is required by the g can be obtained
within fairly wide limits.
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On high heads the jet impulse turbine, or pelton wheel,
always used. This docs not act by pressure, but
the velocity of a jet striking curved buckets. The
sing of the wheel therefore contains air at atmos-
teri¢ pressure, and the water after striking the buckets
ns off freely by gravity, and not in a pipe or draft
be. The height of the tail race water does not there-
re enter into the caleulation of the head. High peri-
reral speeds, a trifle less than half that of the pressure
t[V=97-100% of \/(2gh)}, are obtainable with pelton
ieels, and the revolutions per minute can therefore
+ determined by the diameter of the wheel itself.
HEAD WORXD

BRANCH TO MEAD wonuy &=

PRESSURE
L4td3

CRAFT TUBE

TANAL BEO

LOW HEAD LAV-OUY FOR

{Para. 9.

cceurring within a short distance; this is only too
common (from the power point of view) on Indian
canal systems,  In order to combine such fally several
devices may be employed. A subsidiary high level
head race canal may be constructed from the upper
fall to a point near the lower fall (Fig. 4), the power
honse being placed at the end of this ro that the draft
tubes discharge below the lower fall. Or again, as
shown in Fig. 5, the power house may be placed near
the upper fall, the draft tubes discharging into a subsi-
diary low level tail race channel, leading to a junction
below the lower fall. Other low fall lay-outs are more

—  —a CANAL BEO

OOUBLE CANAL RALL

WITH BUBSEIDIARY HEAD MACKE QHWANNEL .
Fio 4

9. Low head lay-outs.—Confinng the low-head
ategory to cases where an open-penstock setting 1s,
r can be, used the canal fall is typical. Very low river
‘evelopments are possible on sumilar lines. TFigure 1

LowsR
raLL

convemently dealt with under medium heads, as there

are many instances where the same type will do for both.

10. Medium (or low) head lay-oufs.—All heads

too Ingh for an open-penstock setting, and therefore
MEAD wiuas

T TeAwaAL Beo

esauRe Py .

wags

ORAFY Tuse

CANaL BED

TAIL RACE BRANCK CaNAL

LOW HEAD LAV-OUT FOR DOUBLE CANAL FalL

WITR BUBBIDIARY  TAIL RACE CHAMNEL
Tra. 5.

in para. G above is illustrative of such  fall. There
is however the special case of two or more such falls

involving pressure pipes, up to the practical limut of
reaction turbines with draft tubes, may be classed ns
HEAD WORKS, SCATENY -

Ao PORE Bav

e ———~-

METIUM GR Low HEAD Ly o

OF WATERFALL

Fia,

6,
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medium  Lay-outs suitable for such heads may also
on oceasion be the best also for hugh and also for quite
lon heads In the first place the natural waterfall
(Fig 6) mav be considered  Here a forebay s con-
structed either m the niver, above the fall, or near by
A diverting werr will generally be requrred to ensure
that at low discharge seasons the forebay has the first
claim  If the weir has to be some distance up stream
a short canal to the forchav mav be necessary. From
the forebav prescure pipes are taken  These are protect-
ed by screens. with wcolatmg gates, so that the screens
and pipe entry are accessible for repairs. The pipes
lead to the wheels i the power house below the fall,
and the draft tubes discharge into a tail race below
low water level  As tail flood levels may be very much
lugher the generators at least must be well above 1t,
but 1f necessary the turbines can be placed at o lower
level than the generators, where they will be submerged
at flood times. They then utilize all the draft head at
low water, when 1t is most required. The pipe entry
chamber from the forebay must be open to the air, or
the very large pipes mvolved on low heads may collapse
from arr pressure 1f they are accidentally emptied when
there are valves on the pipe at the top. Hence gates
to the chambers are used mstead of valves to the pipes.

A variety of the above lay-out 1s shown in Tig. 7,
where the turbines are placed at the bottom of a vertical

MEDIUM HEAD LAY-OUTS.

HEAD WORKS

PIPE
BHaFY

Gl vreezen

TaiL RAce
TUNHEL

MEDIUM OR LOW HEAD LAY-OUT OF NatuRAL

WATER FALL WITH VERTICAL WHELL SHAPT |

GENCRATORS EITHER 1N POWER HOUST

OR CONNRCTED BY VERTICAL SHAFT YO SUREACE

EAAMPLE ¢ NIAGARA FALLS ., rs

Fro. 7.
\

below. Many such projeets are recorded in this R. -
The additional head obtained, so long as its cost
reasonable, may be of great value. When the depe
able flow is known the continuous extra power due
the extra head is found at once, Converting this &
units (z.c. kW.X 8,760) the probable sale value of " -
units can be taken at, say, half an anna and this reven
can be capitalized at 12 per cent. to see what cap™

“&AD woans

FORE BAY  OPEN an SCAENS

ey

MEDIUM OR LOW HEAD , LAY - OUY
OF WATER FALL AND RARIDS WiTh

OPEN CWANNEL & TAIL CAmMAL
G¥AMPLE - CAUVERY BeEngmE

TAIL RACE CANAL

Fia. 8

wheel shaft, ‘1hepipes are taken down this shaft
from the forcbay, and & tail race tunnel is constructed
to below the falls. In the original Niagara Falls in-
stallations this lay-out was adopted, with vertical shafts
dnving the generators on the surface. In another
American power scheme the whole power house is under-
ground 1 an excavated chamber—by no means a
desirable arrangement except 1n casesof dire necessity.

Fig. 8 shows the lay-out in the very common
case where there is a natural waterfall or cascade with

rapids cither above it, or below it, or both above and

expenditure is justified in order to get them. T
general lay-out is then the same as Fig. 6 :

that open head channels, or tail channels, or b ™
are added.
In Fig. 9 an entirely new situation is met by

of a  lifting dam.” The function of the dam is to back
up the waters and give a head where otherwise there
would be little or nome, Thus gentle rapids or a
moderate bed slope over a long stretch of river may be
converted into a still lake, with an artificial fall of the
whole amount concentrated at one point. Provided
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1t the perennial flow of the source is sufficient the full
1d due to the dam 13 always available, though, by
ng a small amount of the top water for regulating
tposes, peak loads much in excess of the continuous
pacity of the source can be dealt with, If the
pounded water has a very large volume and water
tead the storage itself may even be suflicient to
'rease the average power over considerable periods
thout seriously reducing the head A succession of
ceral Lifting dams is often employed, as in the river
rich supplics the factories at Notodden in Norway,

oRe!
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allows of considerable storage, and there ja a natural
waterfall or series of rapids immediately below, the
reanlting lay-out is that of 15g. 10 Here the main
fall is supplemented by the height of the water behind
the dam, between full-supply and draw-off levels, So
Jong as the variation is net too great the turbines can
be designed to work satistactorily on such a variable
Tead, The reservoit then may be cither simply n
regulator for daily lead vamations or, if large enongh,
a source of main storage to tide over dry periods or even
seasons, The pipes are taken off through the dam,

FERMANENT SurFLY Llves

AL PIVER BTO

MDIUM OR LOW KEAD CAY-OUT WORWING

OF FLEW wiTh DAM TO GIvE ONLY WEAD
AMD REGULATION ; THE STORAGC waY
BEING ORawh ON ih 90ME CASED Tue
DAME ARRANGEMINT MAY OFFER SurfliEnY
STORAGE To TIDS OVER gMORY PEAIQDS

OF LOW DISCHARGR.
. T

9

1is method of development has enormous possibihti

ﬂmyfia can be regulated. The spillnay for excess
ater is generally the dam itsclf. The supply pipe 1s
tken through the dam to the wheels, or the power honse
+hen no other better eite exists) may be mside a hollow
am.  With low Ifting dams an open penstock sctting
1ay even be cmployed. The draft tubes dischasge
oto a tail race or (more often) directly into the river
rlow the fall,

Where a hfting dam can bo placed at a site that

T T T T T T
1

1
T Muaravm

e ce e MEAD =+
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x
H
=
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leaving sufficient “ dead water ” space below to collect
silt, and the power house is placed below the fall with
draft tubes leading to the tail race level. Silting up
1s of course a possibility, which became a fact at the
Cordite factory mstallation at Aruvankadu. Under
sluleing at flood times is only a partial remedy, There
may be cases where the fall obtamnable with this class
of lay-out comes under the class “high,” in wlich
case pelton wheels would be used and the fall below the
wheels would not be used,

~

¢ HiGN OR MEDWIMBERD LA auT

d’ COMBINLD FLOV ANMD STORAGE .
CXAMPLE 1 CORDITE FAz Tony,

—
Trer aace

bia,

i
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11: High {or medinm) head lay-outs.—Where the
flow of a souree i¥ enfficient without storage the type
of lay-out shown by I'ig 11 is common This only
differs from Tigs 6 and & in not necessanly nvolving
a natural waterfall ~ The pipe line may not be near

HIGH HEAD LAY-OUTS.

at alevelabove that of the supply source, and any ¢
in the velocity in the pipe simply causes the ws’
*nse in the surge chamber. Both the chamber and
connection between it and the pipe may be cut in
rock, in the case of tunnels, as presently

WEADWORKS

Foneaay Sratam

DhERSION

. \ vaMm
i SeRLEN
] HIGH OR MEDIUM HERD LAY OUT
: WITH TOMEDBAY OX STRULAM BAWK
s NO OPEN GHANNEL , WORKING
I ON FLOW .
‘ EXAMPLE @ MUSSOORIL
l et . -
plm———

Tou mhce Fro, 11

Yo STRLAW
the niver, but will be wherever the fall can be obtained ;
this may be by short-circuiting a bend in the river,
which case a pressure tunnel may function as a pipe
through an nterveming spur  Again, the fall may be
into a different river, or there may be a long steep bed-
slope as in the Mussoorie mstallation.

More often cases where a water-parting 1s penetrated
are dealt with on the lines of Fig. 12, which is also
applicable where the steep fall has a more gradual,
but still useful, fall above it. Taking first the case of
a pressure tunnel, 1t is plain that anything of the nature
of water hammer in it might be destructive. At the
same time, if pipe and tunnel are one closed up unit,
water hammer is always a possibility in case of accident.
A surge tower at the junction of pipe and tunnel ohviates
this possibility ; 1t is open freely to the air (as a rule)*

SURGETOWER

e HEAD —emees——

Where the upper part of the pipe line has s ec .,
tively small slope for a long distance a surge tov
may be built up at that point ; this enables a light ¢
to be used, and the pressure pipes for the steep
originates at the surge tower junction. The .
chamber has a second and equally important functi-
in acting as a secondary forebay, supplying the ¢
mand from its storage while the column of
in the tunmel or upper pipe accelerates. The ”_.
illustrates the case where flow is utilized, but there co
be cither a liiting dam or a storage dam where the f
bay is shown.

* The compound surge tower mav bo closed and employ
under pressure  For these and differential surgo towers seo *
on tho subject. -

PIPLLINE WiTH SURGETOWLR
APPLICABLE YO HIGH HEADS wiTh

LOMG LENGTH OF MOOERATESLOPE,

TAtL RAGE .,

Fra.)2 =
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The pressure tunnel lay-ont 15 more often employed
\* e the supply is from storage, as illustrated by the
indhra Valley works shown in Fig. 13. The water?
hed here diverts the monsoon fall from the Bay of

[Para. 11

the forchay, so that sudden demands can be met while
the supply in the channel is increas?d at the headworks.
The only exceptron is when (or for so long ns) the con-
stant supply 18 in escess of the masimum demand.

WATER SHED

& LanE,

wusey

e s s HEA

—_
TAL IA,GI
. Yinto the Indian Ocean, and utilizes the steep fall
one side of the Western Gbats where there 15 only a
«, gradual fall on the other.
The majority of high head and many medium head-
= are laid out on the lines of ¥ig 14, which 1s
ery similar to Fig 8  Here the main featare is a
o open channel, or feveral such channels, which may
-~ 1y the supply along for many miles until suflicrent fall
has been necumulated above the stream. -This lay-out

fonwoay

HIGH HEAD LAY-OUT WORKING ON STORAGE ,
WITH PRESSURE TUNKEL COMNECTING PIPE LINE

YALVE CHAMBER

Lone

A\

OEAD WATER

EXAMPLE | ANDURA VALLEY.

T, 13

A common variation of this lay-out is where channels
are brought from two or more streams to a common
forebay, above their junction, the fall being then uti-
lized to that junction.

Finally Fag, 15 illustrates a combination of Figs.
13 and 14 as carned out at the Tata Hydro-Electric
P. 8. Co’s works.

Ilere it will be seen that the main storage (Shirawta
Dam) is overthe main water porting and s fed

EXANNEL sthDWORKS
opaw \:ﬁ-::("&s"“““
. Scmren

HIGH OR MEDIUM HEAD LAY OUT WITH ONE

OR MORE OPTH CHANMNELS FROM HLADANORKS
Op STRLAMS TO FORE DAY | WORKANG OW FLOW
EXAMPLE ¢ SiMLA MUNIGIPALITY,
- -
TarRace
Yo AYRIAM Fra, 14

istherefore peculiarly euitable for mountainous country.
Tlere may or may not be storage at or above the head-
works; if the canal or open channel is of great length
there siust be sufficient regulating storage in or pear

into the Walwhan lske ns required. The whole
supply is from monsoon storage, as there is very
beavy rainfall over o small catchment, and no flow
ot other times. A long open channel of masonry
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leads to the forebay and pipe line, A ¢
lake (not shown) nalso exists some way along
open channel, and is now used only during
moensoon,

12 Head works.—In the case of canals the su
will generally be available without any special L.
works, Smilatly, in the case of a large natural i,
voir, the dam itself will generally be the head: .
In both these eases the water used for power will
usually have any silt that will affect the turbines, thot
a recervoir will slowly silt up. In the case of ri
developments there is always present the hability
bringing down mud and debris from the source of suy
to the turbine wheels This liability increases -
the head as torrents take the place of larger rivers,
its effect on the wheel buckets also increases with
head and the spouting velocity of the jet or no»
Even the finest grit under a head of 1,500 or 2,000
is most destructive, and loss of efficiency soon s..
from worn needles and nozzles. Where the *er
works have a considerable dam there is no danger fr(
stones or heavy matter except that their deposition
reduce the capacity of the Iake ; but in hill torrents +
in itsclf is so serious a matter that high dams ..
seldom be justified. Such a lake could only be clo
out at great expense, though under-sluices may enai
the debris to clear itself if there is enough water
spare and if the lake is only of moderate size.
however, such a dam is necessaryjt will sometimes p
to put snother and smaller one further o, i -
simply as a means of arresting the silt for a few yea.
The capital charges would generally be Iess than +
cost of periodical cleaning out. With lower velr
in the stream such dams are often practicable, thou;
not necessarily at the point where the water
tapped off.

Generally speaking, in the case of high and . ™ .
bead plants, & low diversion dam js all that is neces: -
sufficient to ensure the possibility of getting the wa.
mto the chennel or pipe under normal conditions,
also to protect the stream at this point frem  scouri
out the channel and endangering the supply in &
of flood. Cases have occurred where a few da,
abnormal rainfall has lowered the level of a stream *
30 or 40 ft. For protecting the banks sbove
below the headworks boulder crates, made up of ! -,
boulders enclosed in & frame-work of heavy-gaug
galvanized wire, have been found invalusble in ..
sort of river training works, Cases will sometimes b.
found where o permanent dam is not necessary,
natural e of the ground alone ensuring the supply.
Timber dams are sometimes used in Ameriea *
levelling the bed.
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In the absence of a dam, whether the water is taken
irect into pipes or into a channel—but more espedially
3+ the former case—arrangements must be made at
ae headworks for catching all debris  Generally there

ill be o succession of screens through which the water
sasses to a small tank, in which any heavy matter
oming through will deposit This will need constant
leaning out, and should(in the absence of other reserves)
¢ in duplicate. Nothmng but fairly fine silt should pass
seyond 1t.  If there 18 no open channel this tank should
«¢ large enough to remove even such silt as will deposit
eadily, or there should be an adjoining settling tank
or this purpose Where there is an open channel
bere will always be the liability of further debms being
‘ollected along 1t, and a forebay is necessary at the
wint where the pipes take off; sometimes the lie of
he ground makes it convenient to put intermediate
ilt tanks along the route Al these should be designed
or rapid clearance at several exits, controlled by gates
f substantial mze By slopmg the floor from all points
onards the exits the flow may to a great extent be
itilized to carry off the deposited mud. The size of
hece settling tanks should be such as to reduce the
1ormal veloaity of flow to a few mches per second.
Vliere there is a reservoir at the pipe head it 1s stall
1ecessary as far.as possible to prevent the accumula-
ion of mud in 1t, as & large volume will become so

alid that its clearance is a matter of difficulty, and &
ilt trap mmediately before it will assist in this direc-

ion., Where water 13 considerably in excess of actual
equirements 1t 13 possuble to allow o proportion

o run off contmuously at the headworks chamber,
‘hrough partly oven sluces, which will pass out all

ohid matter roling along the bottom.

In the case of low heads the water is generally clear,
1s low velocity postulates a small bed slope and deposi-
tion will occur m the river itself. In any case the
quantity to le dealt with is so great that artificial
<etthing cannot be arranged for. Strainers are neces-
ary to prevent floating matter entering the pipes,
and a forebay may be required to catch anything that
may pass through, as well as for regulation. A long
canal is sddom necesary, and the forebay will either
be at the side of the fall, parallel with the river, or across
it on or in a low dam It depends on the ground
w)ether a duerting dam is required or whether a fore-
Lay can be apened directly into the bed of the
river.  In the majorsty of cases of very low heads
the power etation is built across the river, and
the water flons directly through the strainers into the
turhines,

13. Cana's and Open Channels.—In the case where
avery hrpe eanal is required in connection with a hydm-

[Para. 13.

electric development, the design is carried out on lines
of irrigation canals, to which no further reference is
neeessary.  On medium and high heads the channels,
if required, are of a smaller order.  They may sary in
length from a few hundred yards up to many miles, and
may be single, duplicate, or multiple. The De abla
plant of the Valley Counties Power Company in Cali-
fornia collects water from a number of streams by means
of ditches aggregating about 100 miles in length, like
an inverted irngation system, smaller channels feeding
larger ones up to the forebay.

In the case of long ehannels a break might only be
discovered after many hours ; and even if due only to
an earth fall, diverting the supply without breaking
down the channel, it would take time to get this cleared
and the water at the forebay again. In the absence of
a gubstantial reserve at the forebay end thiz would
involve complete breakdown. Water-level indicators,
electrically controlled, are therefore often used in these
cases In the 10-mile flume of the Columbia Improve-
ment Company at Tacoma, United States ol America,
the indicator shows every mch of nise or fall; and the
large capacity of the flume 1tself forms no inconsiderable
reserve. As a motor rums on rals above the flume
little time is wasted in reaching the source of
trouble.

For very high heads a comparatively small discharge
is required, and this will sometimes be collected from
more than one source and by more than one route,
FEarthwork channels can seldom be constructed in these
cases, and the choice generally lies between galvanized
won (for very small discharges), masonry, concrete or
timber. Wrought iron semi-circular flumes of large
s1ze are also used largely in Americea, carried on trestles.
The first and last have the advantage that they ean be
carried on a structure without cutting away the ground,
at least in the majonty of cases. As landslips are
always liable to follow the cutting of a roadvnay on a
mountain side this is a great consideration, and an in-
spection path can be carried alongside or over the chan-
nel. If masonry or concrete is used, water running down
the hillside behind is stopped at the channel, and ecither
flows into it with mud and stones or sinks inand causes
slips. Catch-water drains of substantial size, leading
to the pearest culvert, are in such cases cesential.
Smaller torrents may have to be crossed on bridges,
and eack of these should be used to afford a discharge
outlet for the water m case of accidents and for scouring.
Sometimes where water 15 not over-pleniful 1t will pay
to divert these small torrents into the channel through
a small settling tank ; for, though their discharge may
be negligible ordinarily, it may be sufficient in times of
Leavy rainfall to tide over o breakdown in the channel



Para, 14.]

higher up. Furthermore, when the main stream is in
flood, the intake may have to be temporanly closed
onmg to floating debns, ete. ; whereas the flood water
of small supplementary streams will probably be clear
and much collection of mud m the forcbay may thus
be avoided.  Tlns 1s not always true, but 1 borne out
generalls by the wnter's experience

Yuaurly low velocitres, not exceeding 33 ft per second
in unpitched earth channels and 6 ft. per second in
other kinds, are generally necessary for the preservation
of the channel.* The cross-section may be squa?e,
semiaircular or trapezordal, the latter being generally
the best as giving the larger hydraulic mean depth.
In order to losc as little head as posstble (although a
fen fect on very ligh heads do not really count much)
the “lope should be kept small  The mter-relation
between slope, veloaity, dimensions and the construe-
tiou and condition of the channel are stated in a number
of nval formulx, none of which are umversally appli-
cable, the most useful of these have been discussed by
the writer elsenherctand need not be referred to in detail
here. I practice the slope 1s generally decided on first
—from 1 1n 500 {or emall channels, to 1 in 1,500 or so
for latge ones—and the dimensions are calculated to
swit, all irrigation engineers in India are familiar with
tlus subject. It 1a very necessary, however, to remember
that any data found by a formula dealing with a straight
length of channel will need alteration where there are
bends or wregulanties. An opeming out of the width
by an extra b or 10 per cent., carrted back to the limit
of the possible affiux, may be required to prevent over-
flow, or a corresponding rasing of the height or increase
m the slope  Uncontrolled overflow would be almost
certam to prod landslides and breakdowns. As,
apart from the faults in design, a small fall of eafth may
casily cause such an overflow, 1t is sound practice go
to regulate the Leight of the side wall that overflow
will take place most easily at places where it can do no
haim, t ¢, over solid rock, or mto streams passed by the
way, or, m the absence of these, down artificial spill-
ways. In order to prevent the channel being over-
filled at the headworks & method often used 1§ to place a
diverting place m the fairway at a point near the head-
worlss, such that any flow beyond the capacity of the
chaunel 18 sksmmed off and discharged back to the
plieyln

Where masonry or conerete channels are used most
of the above considerations apply with equal force.
Here 1t 15 necessary first to cut a roadway for the found-
atron, so that the lability to landshps and rock falls
s greatly ncreased.  Where the ground is at all doubtful
cut-and-cover is necessary, and it 1s better to spend

FOREBAY RELSERVOIRS.

money on revetments to begin with, than to tal
chance of bad ground holding up. It is es
to make culverts under, or preferably over, the
for the very smallest lines of natural drainage, bot
safety and to prevent the access of stones to the ck
Often 1t will be advisable to lay small drains d
such places, with cross-collecting drains to pre..
wash-out. In extreme cascs tunpelling may
to be resorted to, for the avoirdance of
ground. It may also pay at times to tunnel ¢ .
a bluff rather than go round it. Tunnelling on a *
scale 13 also sometimes required either to join up
sources of supply in different watersheds or tolead w
collected in one area to a different watershed, W’
a more convenient or higher fall can be obtained. T
aro many examples of this class of work in A
and elsewhere. -

While small works on medium heads may be s..-
by the same methods as apply to high heads, can
in earth are generally necessary. The cost of an artific
channel would generally be prohibitive over a cert-
size. The largest timber flume the author has seen w
at Tacoma, United States of America, and was §
square and about 10 miles long, with a fall of 7
per mile. No other material could then bo used f-
channel of this size, and timber has its drawbacl
Unless the water is running full all the time warpi.
is certain to occur, while boring insects and rot ha.
to be faced. The large flume of the Jhelum hydr
electric works has suffered severely in this way.

14. Forebay Reservoirs.—Whether the forel
is mainly for regulation, or whether it also holds a cos..
derable reserve supply, it is an important lmk in '
chain. It must be so designed that, while acting «
an cfficient surge tank, and as a regulator to deal w™
loads temporarily exceeding the capacity of the chann..
it does not allow,any foreign matter to get into the
supply pipes. Coarse and fine strainers should be prc
vided, and they should be of such breadth that th:
Jull flow required by the wheels can pass through ++
if the water accidentally falls low. This is often over
looked in designing. In somesmall installations th
actual reservoir is at a little distance from the forcb.,,
or pentrough, and the two are connected by a clostc
pipe large enough to deal with the peak load. In stk
cases the reservoir performs these latter functionms
while the forebay proper becomes only a surge tank.

The forebay, or forebay reservoir where these are com
bined, should 1f possible be sectionalized or duplicated
to admit of cleaning out; and the design shoukl be
such as to facilitate this, as suggested above for silt
traps. Where tho chonnel discharges into it, which

*Tor details sco Captamn Garrott's * Hydraulo Tables and Diagrams* (Longmans)
" Eloctrical Enginecring Practice,” 3rd cdition, paras. 3t9 to 33l
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+uld be ab a point as far as possible from the pipe entry,
e should first bo a small chamber to take eddies
4 induce still water ; this will also catch some of the
“11alsilt, andasits walls willstopa foot or two below
. 1 water-level only the clean overflow will pass
Lo the reservoir proper, and not the bottom layers,
. ept at cleaning-out tumes. (This of course assumes

tho width of the sill 1s greatly in excess of the width
the channel) The spill-way and scour valves of the
=ryoir should be near this point, where most of the
d will collect. The strainer that finally ensares no

1gn matter getting mto the pipe requires careful
ought. The obvious plan is to put 1t immediately
hind the bell-mouths of the pipe, and to close 1t 1n at
e top. Bub there is a chance then that some part
it may eventually rust away and get into a nozzle.
_pairs would be difficult without emptying the forebay
d shutting down the plant, and 1t has been found in
actice that the arr t 1s not satisfactory.

MATTERS. [Para. 15.
pipe, turbine; generator and step-up transformer, just
as in modern steam practice. Whero vory largo units
ate involved no other arrangement is ikely to bo used,
and on low heads no other arrangement iy generally
possible. Intermediate cases must, however, be dis-
cussed. The diameter of n short pipe on & moderate
bead may be such as to give a velocity as high as 01
/(27 H) or 10 per cent. of the spouting velocity. The
Joss of head wmith suck velocities would soon become
too great, and about 3 to 4 ft. per sccond is a good
average. On high heads 9 to 12 ft. per second in the
smallest section 1s about the limit used.

With very high heads comparatively small pipes of
great strength are required 5 tho locality is likely to be
far from rail-head, so that carriage to sitois an expensive
matter. It therefore pays as a rule to keep down the
weight of individual loads, and to use a single pipo for
each turbine, It is, however, often advisable to inter-

1e alternative design, which should be adopted, 1s
+ put the straiers in the main forebay, at the entrance
+ o scparate walled-off chamber feeding the pipe,
wl this chamber should be covered over. Rolling
reens, operated by & winch, are useful because of the
cilities they offer for cleaming. A point of importance
that the screens must be capable of passing the full
+ when the forebay 18 nearly empty.

An emergency by-pass from the channel, also provided
ith a screen,should be made to discharge direct mnto the
«ell-mouth chamber. If repairs are required to the ro-
»oir this will prove mvaluable, and when the water is.
« ~eclear1t can be used while cleaning out proceeds.
hese small points of design may spell the difference
setween suceess and partial falare, though of course
good deal depends on whether clear or dirty water 1s
« srally brought in. For reasons already explamed
righ heads need the most careful treatment. Medium
reads 1aay or may not need complicatod forebays, and
.4 Jow heads a plain tonk is generally suffictent.

15, Pressure Pipes.—Although primitive water
Lieels, and turbines such as are found in flour mills
"lover the hulls of Indw, generally use an open shoot
+ .d of a gupe the advantages of a closed pipe appear
to have been long knowa. Thus in Dante’s * Vision
of el Canto xxin, we find ;—
N e i i a i DR e

sapproschos to the spokes
Y Laater fa

W L nean,
RN INRY

There is comaiderable diversity of opinivn as to the best
sreanemeat of pipes lor feeding u number of turbines.
Apart from the question of cost thers can bo no doubt
that the tdeal armngement 15 sell-contained units of

t the various pipes at the forebay, Each pipe
should be capable of bemg mstantly closed at the fore-
bay 1n the event of a bad blow-out, either by an automa-
ttc gato or valve, or by electrical control from the power
house, in conjunction with an air valve to prevent the
closed pipe collapsing. Each pipe must also have an
wsolating valve at the forebay or a gate in the forebay.

Whers conditions are favourable a smgle pipe is often
used to serve two or more units by means of a receiver
at the power house, espectally 1 the case of small plants,
but this 18 not ordmnanly recommended.

In order to reduce the thickness of the lower sections
of pipe 1b 13 customary to use two or more diameters,
the smaller ab the boltow, and this also economizes
in freight where they can be nested. Where individual
pipes serve each wheel it is advisable to interconnect
them at the power house, so that i the event of a joint
blowing on one pipe wlule another generating unit is
out of service they can be cross-served. Th's involves
extra expense in 1solating valves, but is generally worth
while, [t is not an identical proposition with the re-
cetver, Long lines of pipe, such as are required on high
heads, require very substantial anchoring ‘ot only at
the top and bottom, but at several intermediate points.
These also provide safe positions for expansion joints,
which can be dispensed with only whers the tempera-
ture variations are small or the Ine has many angles in
it—and not always then. Air valves are not often
required, but will be where there is an unavoidable
rise 1 the pipe lme, Occasionally aiv cushions are
provided in very long lines, to take up shocks ; at the
Mill Creck plant in California the pipe is 8,700 ft.
tong for a head of 1,930 ft., and both air valves and
cushions are installed. The latter consist of duplicate
cyluders for rechargng ut the necessary  high
pressure.
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3 TLCHNICAL MATTERS.

Carrying capacity and loss of head in pipes.
For convenience the following table is added to show,
ira pipe of any given diameter, the flow in cusecs Q
i#h the corresponding velocity m feet per sccond and
33 of head L per 100 ft. of pipe  As however pipes
wanably become encrusted to some extent, and some-
nes to a very serious extent, 1t is always advisable
» e o gomevhat larger pipe than would serve at the

Anit 1.—Carrying capacity and loss of head in pipes.

Velooky Lo feet per second,

~meter _
fuches
50 55 | 6o
ol 10| 11
23| 28| 320
173 102] =08
160 190 220
212 300 328
1200 10| 158
39| 430 472
o 112 133
430 534 583 840
o1 78 ¥2) 110
ez | v | Tw| sm
oL 3 52 64 kel 92
4 523 622 710 792 881 967 | 1060
* k) i l 2 X 1 55 | 7
L ( Q 718 441, oen 1080| 1200} 1320 1430
L 18 ] 23 37 45 55| 67
.t @, el woy, 12er, 110! 1570 1720 1800
[ 1 49| 25, Al 33 o 55
{¢ 20| 33900 1ugn, 17801 198D | 20| 2380
12 18 2l e 33 0 43
o T g0 W70 2200) 2is0( ze8e| 210
v {t l u‘ 4, 13, zal 29 33| 42
o Q| weo{ fose) =3ta, 2670| 2970| 32601 8300
v {g H v 13 nlom 26 3| 5
Q| =) tito| zase  sifo| 30| ssso| 4230
o - f Y \ s | a2 15 ~1Dl 23 I
¢ L {0 el el neT enl sn) 2w
Sl | L w7 9 12 16 ‘19 23 23

Cuarter 3.—Rax axp THE RUN-OFF FROM A
CATCHMENT,

18. Rainiall and snow-fall.—Leaving aside deep-
seated springs, which as a general rule are not of great
importance in water power (as distinet from water
supply) the day to day flow of streams and rivers is
dependent mainly on the day to day rainfall ; it is modi-
fied however by the deferred rainfall due to the delay-
ing effect of large and comparatnely flat catchument
areas and also by snow-fall. The latter factor is of
immens jmportanee in the great ranges of the Himalaya,
with vast areas of perpetual snow feeding the rivers
by gacters, Lut it §s alwo of considerable significanco
in lower atess, whero the snow-full may ke for a time
621 by s pradud melting regulate the run-off. A
eaow feld is an infinitely larger resert oir than any the

[Para. 16.

engincer can consteuct, hut as the sun's elevation in-
creases the flood gates are apt to be opened with diseon-
certing suddenness. In certain  important respects
Indin differs from most countries whose natural resonrces
in water powee ate now being lnvestigated ; for the rain-
fall is scasonal, and during many months only nc(cnvinml
thunderstorms break the monotony of dey weather.
Generally speaking there is the monwon period and
the dry period, but in the south there arc two distinet
monsoons, the South-West and the North-East. The
variations n the runfall in different parts of the country
are enormous, and the depattuzes from the monthly
and annual normals n any given localtty are also very
great. The normal ramfall for every month at the many
hundred rain-gauge stitions in India can be obtained
from the “ Memoirs of the Indian Meteorologic 1l Depart-
ment ; Monthly and Annual Rainfall Normals

19, Seasonal ‘¢ monsoons.”—Ronghly speaking
there are 8 dry months and } wet months, with the
result that the majority of the rivers m many parts of
India practically dry up sometime between February
and May Of the large perennial rivers the majority
are utilized for 1irngation , but as the canal headworks
are practically mn the plains this does not prevent
them being harnessed for power higher upstream.
Apart from canals, 1t 13 to the mountainous regions that
we must look for water power, and hete the rainfall is
naturally greatest; especially in those hills that first
catch thé moisture-laden winds from the sen. The
great central plams of India mostly hive low raiafall,
but here comparatively little power would in any case
be found owing to the extremely small slope of the
ground and the great variations m the normal water
Jevels. Thoe arid area in the North-West covers moun-
tainous districts, mostly trans-frontier,and even if power
were available it is doubtful if much use could be made
of it in such unsettled country. Thislast consideration
applies also to various mountain ranges m the Northern
Burma region, which are either ¢ Uradministered
Arteas” or are inhabited by uncivilized tribes; but m
some of these areas there is good ramfall.

Except in localities where storage on a very largo
scale is possible, such as the Western Ghats and possibly
the uplands of the Central Provinces, the greater part
of the monsoon rainfall of Indis must necessarily pass
to the great rivers and canals undeveloped for power
putposes. Thus, for example, take the case of the Jal-
dgkn Iti\'?r in the Bengal Duars {para, $0), a stream
with couﬂ‘dcmblc possibilities ; i has a catchment area
m .the ncxgh}murlumd of 230 square wiles above the
Pomt where it enters t'he plains, and the annual rainfall
:’so(x)xo_t less thun.IGO inches ; probably it may average
200 inches, This nearly all falls in the 7 months of
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Apnl to October and amonnts to some THO00 m
o ft, piving on aversee flow of nearly 1000 cusees
and o maumum flow enormowsly preater. Yet the
flew pauped mCApsl 1919 was no more than 170 eneees,
Cleady m the aleones of o phenemenal teservoir ste —
and the Himadavas apperr toaffond fow sl most of
this water ot run to wadde  Farthermote, the control
of anchon river, when asingle day may hring 10 inches
of tain or mare, i< no bkt problem s and thsos one of
the smatler thers m the distnet 1t serves Tonever
as n good example of many potontial sourees of power,
The Bhalra dam project on the Sutley, now under
detaled investigation, hne deawn attention 4o many
ather kites that may prove suitalide for stornee on other
notthern tivers

18. Perenninl and d sconfinnons power.— Asthe
reault of the condationn discussed in the precedimg
parngraph many of the tivers and strenms of Tndia fall
ton very low ebbyor diy wpoaltopother i ther higher
reaches, bofore the end of the diy rensan Where thes
ix o develapament by monsoon sterage is the only method
of petting continuous power, and this is not possible
mont locnlitiess 10 i true that discontinuous water
power may he of salue in particular instanees, either
for utiliration in mdustties that ate ouly manufactunng
during the rainy senson, tuclins tea, for which the power
demand for dryaing and ofher processes 1overy lnrge
or for any purpose i combination wath reserve plant
driven by steam or other fuel, T either of these m-
stances however the cout of the power will be Jughe
than it would e af continuons, as the capital changes
on the plant are opher i the recond case nnd sprewd
over o rhiorter workiny penod o the firsd

19. Measurement of n discharge.~ Although it will
genernlly pay to develop o river or wite on the haswa
of the ecanstunt discharpe which can oidmanly b
depended upon in the dry season it is vety desitabla
todetermine its netunliminimu dischnyge § this howover
may mean waiting for 30 yeaix or ro, if tegular ieconds
me not Lept. A dry eyde s recently oceunied m
India § 1918-19 gave exceptionally Tow results and the
following yenr was not a good one whils 1020 21 has
been phenomenntly diy in numy  districts. Unfor.
tunntely in theso transitional y eats after the Great War,
local Governments hiava found at impossible to xpate
the large stff which would bo tequited to gnuge oven
 fraction of tho rivers of Indin,  Only the sives sup-
Plying, or fikely torpply, figation canale nre wepulacdy
gauged. Fhe minnoum discharge of any yeavishowever
of value, us rome indication of the trus minimum may
then bo obtamed by examinntion of wainfall records
in the neighhourhood, especially il the average run-off
i hnown,

TIRUNNIAL AND DISCONTINUOUS POWER.

The amount of water in eubie feet per second ¢
flowing past a given point in any open channel §
by multiplymg the eosescctional area of the
i square food by its nean vlocity in fod por
The first step i to seleet o staight reach of the
where the flow i« umform, and whete there »
noticealle poots, and fo mal off with pegs an,
verent length sy 100 {6} of Danly uniform
Then measire ne necurately as posalle  the
of the stream, and find the ercnge deptly by s,
at mtennale neross the sticam 10 posabde nt
thtee eroverneetions shonld he taken, one near
end of the relected reach and one near the middh
‘The depth ean then be mensmred at 10 or more po
cqual distances across the wadth of each of these
rections IF the same number of mepaures s
ut all three plices a mean eress section enn th
plotted, which will give the mean area and hyd
wean depth - But it must be emplasred that
tinte ddaes not wdmit of ko mueh Inbour rongh w
from a few messures of oin cross aection i a sl
veach are Dottt than the * ne wfotmaton ™
tecorded m thas Volume,

To obtum the mean veloeity of the stream e
meters are genetally wsed maccutate wark at the p
dav, as they give defimte and furly accuate v
Whete these ate not nvulable Qoats are used
orange of an empty bettle serves very well, ar
prece of wond By talng several observations «
time requated for the tloat to pass alotg the men
length (preferably with w stop-wateh) o fanly aeer
mean surlnce veloeily can be ebtamed, thongh m
streanin the mumgm of probahle ettor s high A »
obretyntion with o bottlo and an ordinary wateh
liatds of an emment engineer has heen known to g
tesult cotrect to less than one per cent, oy chedhed -
cuttent moter, hut sch comendences cannot bo ¢
on, and it e reldom Dikely that the tesults will bo ne
than b per cent

For tough work and conservative results the ¢,
sectionn] aren m squate feet mnltiphed by the st
veloaty e foet per second and decided by teo will |
the approvimate discharge i cubie foot per second,

For mstance, suppose the length marhed off g«
ft and the floats take sn average time of DO seeot
in pazsing nlong this length, in a strenm having wowie
of 10 1t and an average depth of 130t Thiv g
o crowrectional wrea of G0 kg L The s,
veloaty wall then bo 2 ft, a second and the dischiar
2 second, 0wt

- GO ensees,

0

The reason for drviding by 2 i3 that the mean velod
throughout the ehnnnel iy such les than the surfne



Carrypng capacity and loss of head in pipes.

For convenience the following table is added to show,
T appe of any given diameter, the flow in cnsees Q
ith the corresponding velocity 1n feet per second and
»ss of head L per 100 ft of pipe  As however pipes
v arlably become cncrusted to some extent, and somo-
+ to a very serious extent, 1t 15 always advisable

use a somewhat larger pipe than would serve at the

anu 1 —Carrying capacity and loss of head wn pipes.

| Veloeiy in feeh per second

TECIHNICAL MATTLRS.

[Para. 16.

engineer can construct, but as the sun’s elevation in-
creases the flood gates ate apt to be opened with discon-
certing suddenness, In certain important respects
India differs from most countries whose natural resources
in water power are now being investigated ; for the rain-
fall i3 seasonal, and during many months only nclc;\viuml
thunderstorms break the monotony of dry weather.
Generally speaking there i3 the monsoon period and
the dry pertod, but in the south there are two distinct
monsoons, the South-West and the North-East, The
varattons in the ramfall in different parts of the country
are enormous, and the depattures from the monthly
and snoual normals in any given locality are also very
The normal rainfall for every month at the many

d rain-gauge stations in Indw can be obtained
from the “ Memonrs of tho Indian Meteorological Depart-
ment ; Monthly and Annual Rainfall Normals,”

17, Seasonal * monsoons.”—Roughly speaking
there are 8 dry months and t wet months, with the
result that the majonty of the rivers in many parts of
India practically dry up sometime between February
and May. Of the large peronnial rivers the mnjority
are utilized for irrigation, but as the ecanal headworks
are practically in the plains this does not prevent
them bewng harnessed for power higher upstreum.
Apart from canals, it is to the mountainous regions that
we must look for water power, and here tho rainfall 1s
naturally greatest; especially in thoso hills that first
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CiartER 3.—RAIX AND THE RUN-OFF FROM A
CATCHMENT.

16, Roinfali and snow-fall.—Leaving acide doep-
reated springs, which as a general rule are not of great
fmportance in water power (as distinet from water
supply) the day to day flow of streams and rivers is
dependent maialy on the day to day rainfall ; it is modi-
fied however by the deferred rainfall due to the delay-
ing eflect of Lirge and comparatively flat catchment
arcas and alo Ly snow-fall. The latter factor 1v of
v e importance in the great ranges of the Imalaya,
with vast areas of perpetual snow feeding the rivers
by ghaciens; but 3 adeo of condderable Significance
m lower areas, where the snon-full may le for a time
and by its gradual welting regulate the run-off. A
enow feld is an infimtely larger reservoir than any the

oisture-laden winds from the sea. The
great central plains of India mostly hive low rainfall,
but hore comparatively hittle power would in any case
be found owing to the extremely smill slops of the
ground and the great variations in the normal water
The arid area in the North-West covers moun-
tainous districts, mostly trans-frontier,and even f power
were available it is doubtful if much use could be made
of it in such unsettled country. This last consideration
applies also to various mountain ranges in the Northern
Burma region, which are either “ Unadministered
Areas” or are inhabuted by uncivilized tnibes; but in
some of these areas there 1s good rainfall,

Except in localities where storage on a very large
scalo is possible, such as the Western Ghats and possibly
tho uplands of the Central T'rovinces, the greater part
of the monsoon rawmfall of India must pecessanily pass
to the great rivers and canals undeveloped for power
purposes,  Thus, for example, take the case of the Jal-
daka River m the Bengal Duars (para. 80), a stream
}\ith considerable possibilities ; # has & catchment area
m.thu neighbourhood of 230 square miles abovo the
?oxutt\\;lnere ;lt enters the plains, and the annual rainfall
i3 not less than 150 inches ; probably it ma; a
200 inches. This nearly all falls in };he 7 goitl?:‘]:?
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to Octoher and amounts to some 75,000 m.
., gnng an average flaw of nearly 4,000 cusces
a masimum flow epormously greater. Yet the
canged in April 1919 was no more than 170 cusecs,
1y in the abeence of a phenomenal reservoir site—
he Tlimalayas appear to afford few such—most of

ater must tun to waste. Furthermore, the control
h a river, when a single day may hring 10 inches

n or more, i< no light problem ; and this i< one of
maller rivers in the dictriet. It serves however
,.00d example of many potential rources of power.
Bhakea dam project on the Sutle], now under

2d investigation. has drawn attention to many

sites that may prove suitable for storage on other
amn rivers

. Perennial and d scontinuous power.—As the
* of the conditions diccussed in the preceding
Taph many of the rivers and streams of India fall
very low ¢bb, or dry up altogether in their higher

es, before the end of the dry season. Where this

*avelopment by mon<oon storage is the only method

ting continuous power, and this is not poesible in

localities. It is true that diccontinuous water

. may be of value in particular instances, either

ilization in industries that are only manufacturing

. the rainy season, such as tea, for which the power

w4 for drying and other processes is very large;

any purpose in combination with reserve plant
by steam or other fuel. In either of these in-

-s however the cost of the power will be higher

would be if continuous, as the capital charges

2 plant are bigher in the second cace and spread

1 eborter working peniod In the first.

Measurement of a discharge.— Although it will
ally pay to develop a Tiver or site on the basis

o constant discharge which can ordinarily be

2ed upon in the dry season it is very desirable

ermine1te actual minimum discharge ; this however

v >an waiting for 30 years or o, if tegular records

* kept. A dry cycle has recently occurred in
5 191819 gave exceptionally low results and the
ing year was not a good one while 1920-21 has
phenomenally dry in many distncts Unfor-
"y 1n these transitional years after the Great War,
nts have found 1t impossible to spare
«oe staff which would be required to gange even
tion of the rivers of India. Only the rivers sup-

ur

¢ obtained by examination of rainfall records
neighbourliood, especially if the average run-off
.

TEREXNNIAL AXD DISCONTINUOUS POWER.

2ft. a second X (0 5q. ft
s

15

The amount of water in cubic feet per second (cusecs)
flowing past a given point in any open channel is found
by multiplying the cross-sectional arca of the water
n square feet by its mean veloctty in feet per sccond
The first step 15 to select a straight reach of the stream
where the flow is uniform, and where there arc no
noticeable pools, and te mark off with pegs any con-
venient length (say 100 ft) of fauly umform width.
Then measure as accurately as possible the width
of the stream, and find the average depth by roundings
at intervals across the stream. If possible at least
three crots-sections should be taken, one near each
end of the selected reach ard one near the middle of it
The depth can then be measured at 10 or more powts ot
equal distances across the width of each of these cross-
sections  If the same number of measures is taken
at all three places a mean cross-section can then be
plotted, which will give the mean area and hydrauhc
mean depth.’ But it must be emphasized that when
time does not admit of so much labour rough results
from a few measures of one cross-section mn a shorter
reach are better than the “ no information ” so often
recorded in this Volume.

To obtain the mean velocity of the stream current
meters are generally used in accurate work at the present
day, as they give definite and fairly accurate results
Where these are not avalable floats are ured, an
orange or an empty bottle serves very well, or a small
prece of wood. By taking several observations of the
time required for the float to pass along the measured
length (preferably with a stop-watch) a farly accurate
mean surface velocity can be obtamed, though i hill
streams the margin of probable error 1s high A single
observatiop with a bottle and an ordinary watch m the
hands of an emment engineer kas been known to give a
result correct to less than one per cent. as checked by a
current meter , but such comncidences cannot be relied
on, and it 15 seldom likely that the results will be nearer
than § per cent

Tor rough work and conservative results the cross-
sectional area m square feet multiplied by the surface
velocity 1 feet per second and divided by tvo will give
the approximate discharge in cubic feet per second

For instance, suppose the length marked off 15 100
ft. and the floats take an average time of 50 seconds
1 passing along this length, in a stream having a width
of 40 ft and an average depth of 11 ft This gives
a cross-sectional area of 60 sq. ft. The surface
velocity will then be 2 ft o second and the discharge

=00 cusees.

The reason for dividing by 2 js that the mean velocity
throughout the channel is much less than the surface
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7

Carryping capacity and loss of head in pipes.

For convenience the following table is added to show,
arapipe of any givgn diameter, the flow in cusces Q
ith the corresponding veloeity m feet per second and
»3 of head L per 100 ft. of pipe. As however pipes
wariably become encrusted to somo extent, and somo-
mes to a very serious extent, it 13 always advisable
> use a somewhat larger pipe than would serve at the
rst.

‘AbLt 1.—Carrying capacity and loss of head wn pipes,

Velociby in feet per second,
ssmedor

[Para. 16.

engineer can construct, but as the sun’s clevation in-
creases the flood gates are apt to be opened with discon-
certing suddenness  In certain important respects
India differs from most countries whose natural resources
m water power are now being investigated ; for the rain-
fall is seasonal, and during many months enly occastonal
thunderstorms break the monotony of dry weather.
Generally speaking there is the monsoon period and
the dry period, but 1n the south there are two distinet
monsoons, the South-West and tho North-East. The
variations in the rawnfall in different parts of the conntry
are enormous, and the departures from the monthly
and annual normals n any given locality are also very
The normatl rainfall for every month at the many
hundred rain-gauge stations in India can bo obtained
from the * Memorrs of the Indian Metcorological Dapart-
ment ; Monthly and Annual Ramnfall Normals,”
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Cusrrrr 3.~RaIX AND THE RUN-OFF FROM A
{"ATCHNENT,

16. Rainfalland snow-fall.—Leaving aside deep-
reated rprings, which as a general rule are not of great
importance 1n water power (as distinct from water
supply) the day to day flow of streams and rivers 13
dependont muinly on the day to day rainfall ; it is mod:-
fied however by the deferred rainfall due to the delay-
ing eflect of large und comparatively flat catchment
ateas and alw by gnow-fall  The latter factor is of
immetes fgairtance jn the great ranges of the Himalaya,
with Vst areas of perpetwal snow feeding the rivers
}-_\' Flaciers; but it iy alo of considerable significance
in lowes areas, wLere the rnow-full way lo for a time
sl by ity pradual melting regulate the run.off A
30w field is an infinitely Yarger reservoir than any the

1 ¢ monsoons.”—Ronghly speaking
there are 8 dry months and 4 wet months, with the
result that the majonty of the rivers in many parts of
India practically dry up sometime between February
and May. Of the large perenmial nvers the majomty
are utilized for irngation, but as the canal headworks
are practically i the plams this does not preveat
them being harnessed for power higher upstream.
Apart from canals, 1513 to the mountainous regions that
we must look for water power, and here the rainfall is
paturally greatest, especially 1 those hills that fiest
catch thé moisture-laden winds from the sev. The
great central plams of India mostly have low rainfall,
but here comparatively little power would in any cise
be found owing to the extremely smill slope of the
ground and the great variattons in the normal water
The and area in the North-West covers moun-
tainous districts, mostly trans-frontier,and evan if power
were available it is doubtful if much use could be made
of it in such unsettled country. This last consideration
applies also to various mountain ranges in the Northern
Burma region, which are either * Unadministered
Areas ™ or are inhabited by uneivilized tribes; but in
some of these ateas there 13 good rainfall,

Except in localities where storage on o very large
scalo is possible, such as the Western Ghats and possibly
the uplands of the Central Provinees, the greater part
of the monsoon rainfall of India must neceswarily pass
to the great rivers and canals undeveloped for power
purposes.  Thus, for example, take the case of the Jal-
daba River in the Beugal Duars (para. 80), o stream
with considerable possibilities 5 it has a catchment area
in the neighbourliood of 230 square miles above the
pout \\llxem it eaters the plains, and the annual rainfall
is no.t ess than 150 inches ; probably it ma average
200 inches. Tkis nearly all falls in {he 7 u);onths gf
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Octoler and amonnts to some 75000 m
neen average flow of nearly 4 000 cusees
~xrvm flow enermously greater Yet the
41 Apnl 1010 was no mere than 170 cusees.
the abecnee of 2 phenomenal reservorr site—
imalavas appear to afford few suchi- most of
mu~t run to wacte  Furthermore, the control
niver, when a cingle day mav bring 10 inclies
more, 15 o hight problem  and this i one of
r rivers in the distriet It <erves however
2xample of manv potental sources of power
ra dam project an the Sutle) now under
nestigation has drown attention to many
that may prosve swtable for dorage on other
wers
rennial and d scontinuous power.— As the
the conditions discnssed m the precedmg
many of the muers and «trcams of India fall
low ebb or dry up altogether i their lngher
fore the cnd of the dry seasen Where this
opment by suanesaon torage 1 the only method
continuous power and this 1« not possible in
bttes It 1< true that dicontinuous water
v be of value 1o particular mstances, either
1on 1 1pdustries that are onlv manufactunng
rany season, such as tea, for which the power
i drying and other processes 1s very large,
purpose m combination with reserve plant
steam or other fuel In either of these m-
wever the cost of the power will be higher
uld be if contimuous, as the capital charges
«+ are lugher 1n the second case and spread
ver working period in the first
s« >nt ofa discharge.— Although 1t will
say to develop a miver or site oun the baus
ostant discharge which can ordmanly be
pon in the dry season 1t 13 very desirable
»its actual minimum discharge ; this however
aiting for 30 years or so, if tegular records
pt. A dry cycle has recently occurred
3-19 gave exceptionally low results and the
year was not & good one while 1920-21 has
omenzlly dry 1 many districts. Unfor-
these transitional y ears after the Great War,
. ~nts have found it impossible to spare
~ which would be required to gauge even
of the rivers of India. Only the nivers sup-
kely to supply, irrigation canals are regularly
| e minimum discharge of any year is however
some indication of the true mi may

15

The amount of water in cubic fect per second (cusecs)
flowing past a given point in any open channel is found
by multiplying the eross-sectional arca of the water
tn square feet by its mean velocty in fect per second.
The first step 1s to select a straight reach of the stream
where the flow is uniform, and where there are no
noticealile pools, and to mark off with pegs any con-
vement length (say 100 {t) of fairly uniform swidth.
Then measure as accurately as possible the width
of the stream, and find the average depth by soundings
at ntervals ncross the stream. If possble at Jeast
three crote-sections should be taken, one near each
end of the selected reach and one near the middle of it.
The depth can then be measured at 10 or more points at
equal distances across the width of each of these cross-
secttons  If the same number of measures is token
at all three places a mean cross-section can then be
plotted which will give the mean area and hydraulic
mean depth  But it must be emphasized that when
time does not admit of so much labour rough yesults
from a few measures of one cross-section in a shorter
reach are better than the “ no mformation” so often
recorded m this Volume.

To obtamn the mean velocity of the stream current
meters are generally used in accurate work at the present
day, as they give defimte and fairly accurate results.
Where these are not avalable floats are used; an
orange or an empty bottle serves very well, or g small
pece of wood By taking several observations of the
time required for the float to pass along the measured
length (preferably with a stop-watch) a fairly aceurate
mean surface velocity can be obtained, though in hill
streams the margin of probable error 1s high. A single
observation with a bottle and an ordinary wateh in the
hands of an emment engineer has been known to mive a
result correct to less than one per cent. as checked by a
current meter ; but such comcidences cannot be reljed
on, and it is seldom hikely that the results will be nearer
than § per cent.

For rough work and conservative results the cross-
sectional area in square feet multiplied by the surface
veloaity in feet per second and divided by two will give
the approximate discharge in cttbic feet per second,

For instance, suppose the length marked off is 100
ft. and the floats take an average time of 50 seconds
in passing along this length, in a stream having a width
of 40 ft and an average depth of 1} ft. This pives
a cross-sectional area of 60 eq. ft. The surface
velocity will then be 2 ft. a second and the discharge

btained by examination of rainfall records
hbourliood, chccinIIy if the average run-oft

2{t. a second X €0 sq ft.
> =00 cusecs.

The reason for dividing by 2 is that the mean velocity
throughout the channel 15 much less than the surface
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elocity, and the rougher and shallower the bed may be
he greater will be the disproportion; in the worst
ases it is about half.

More accurate results are obtained by the use of
Jnwin’s co-efficients, dependmg on the régime of the
hannel and its hydraulic mean depth  The hydraulic
aean depth is found by dividing the cross-sectional
wea in square fect by the wetted penmeter in fect.
Che mean values of the several cross-sections along the
‘hosen length of channel are used For most streams
ind rivers in the hills the co-efficients in the last column
vill be used. Tt will be observed that with a hydraulic
nean depth less than 05 foot the co-efficient is sightly
selow the figure suggested above; this however will
1lmost always give conservative results. The co effi-
cients are as follows :—

Tavee 1-A —Co-cfficients for ascerlaning mean velacitn

from greatest surface velocity w channels.
T
Very Raugh | v, ,
Smooth h A Very rough | Channels
A [,,:m?_ ot o (NBRE— iunnde | | vt
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et i | | "
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Tn the cxample given above the cross-sectional area
was 60 £q. {t A the width was 40 ft. the wetted peri-
meter with so small & depth would be about 45 {1t This
would give & T M 1 of 60/45 or 1-32. In an encum-
hered channel the co-eflicient would be 06 or 60 per
cont, instead of one-hall.

70, Run-off or flow-off from a catchment.—
The catchient nrca or for short * catchment” of a
river at any particular point where it is proposed to
utilize it is the arca of the country drained by the
rtream at thit point, and is bounded by the water-
partings or watersheds {rom the various tributary
rources up to the point where the water runs down
Lidow the rite chosen

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 abuvirhed by vesetation, aud the more gradually the
rain i+ precijatated the greater will be these losses,
Very Labt min after a dry spell may not affect the
e of the riream 1 th e slizhtest degree.  Again, if the
g Licsteep, baer noand roely there will be a much

MATTLRS. [Para. 20.
more complete flow from it than if it is gently sloping
and covered with vegetation. The percentage of the
ranfall that reaches the stream is ealled the * run-off.”

If the rainfall over a particular catchment area in
any period is known, and the stream flowing from it
ean be”gauged, the pereentage of run-off can at once
be caleulated for the conditions obtaming durmng thet
period ; but the rain-gange readings must be taken at
a number of points in the catchment~~the more the
better—in order to ascertain the actual amount of pre-
cipitation  In addition to the very large differences of
average ramnfall in different localities, and the great
vatiations from the average in particular years, the
distribution of the fall month by month and day by
day must be taken into account  Mimimum discharges
on small catchments may vary four or fivefold in
different years, and are extremely difficult to caleulate ;
a long senes of rainfall averages will, however, indicate
to some extent the relation between the unknown
discharge of an cxceptionally dry year and the known
discharge of a particular year. It may, however,
be accepted that a study of the daily ramnfall observa-
tions over a period of 30 years will give o fairly
accurate 1dea of the conditions which are likely to occur
in future. Intelligent guesswork of this nature pre-
supposes knowledge of local conditions and long
experience.

Formule for calenlating the run-off from a catehment
have been devised by many cngineers, but they alt
employ co-efficients which it 1s impessible to ascertan
without a comprehensive study of the nature of the
area and the rainfall.  There are two separate cases to
be dealt with ; first, the i) run-off of a catch
which will cause a great flood discharge for a short
period ; sccondly, the ordinary run-off over a longer
period of days or weeks or a year, which wilt vary from
time to time but which gives the total water during
that period, whether in a heavy, average or light period
of rainfall.

As run-off is stated as a percentage of the total fall
the following equivalents of one inch of rain, with total
or 100 per cent. Tun-off, are useful :—

1 inch of rain=100 tons per acre.
=3,600 cn. ft. per acre.
=61,000 tons or 233 m. e. ft. per
5q. mile.
Under the ltke conditions rain falling at the rato of
1 inch an hour is equivalent to 1 cusec per acre per hout
or G10 cusecs per sq. mile per hour.
21. Short-peried maximum or flood run-off.—
In o small and compact catchment the maximum per-
centage of the rainfall wlich will reach a given spot in
the river at a given time is (comparatively spenking)
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iple. If the rainfall is fairly uniform over the area,
1 the nature and slope of the ground is al<o uniform
conditions are the most favourable to the computer.
larger catchments, especially long and narrow ones,
water falling near the site selected will have passed
1y long before that at the source has had time to
vel down the slopes and the stream bed In any
»p catchment. a sudden phenomenal but short-lived
d may be caused when, the ground bemg already
urated, a heavv storm travels down the catchment
1bout the same rate as the waters flow off In such
ase a flood may come down like a tidal wave; the
ter has seen a hill stream rise from a few cusecs up
10 ft deep and 200 ft wide m less than 10 minutes.
the design of headworke spillwavy dams and waste
ts or escapes these floods have to be allowed for. In
er reservoirs they assist the filling process but are
a source of danger except when the reservorwr 1s
ady full, when the flank or saddle escape or the
ersluices must be able to cope with the discharge
he whole question 1s full of difficulty  Buckley *
dealt fully with 1t and discusses Dickens’, Ryves,’
nd’s, Fanning's, Craig’s and Fuller’s methods It
herefore unnecessary to deal with these, but as
el Dickens’ formula 1s very generally used 1n India
1y be given,

D=CM}

re D=maximum discharge of river 1n cusecs.
C=a co-efficient
M=area dramed by the river 1n sq mile.
ickens’ value of C was 825 for annual ramnfall of
1t 36 inch, but he held 1t appheable to falls from
0 50 inck  *“ The formula takes no cognizance of
size or shape of the catchment, nor of its dechwity,
provides no factor taking account of the variations
he rainfall.”f Buckley gives the actual constants
d in 12 Indian nivers, varying from 1,795 for the
32 down to 120 for the Ganges  Experience however
probably enable fair results to be obtained in many
3. Strange’s tables ¥ are gencrally used in Bombay.
data and tables in the work cited will be found
tuable.
3, Long period aggregate run-off.—An immense
{ lasting for half an hour may do incalculable harm,
(unless stored) cannot be of much value for power.
the actual amount of water which flows past a parti-
point, esther naturally or by man’s control, which
mines the power obtainalle. Where there is a
ge reservoir of sufficient size for a year’s rainfall

* Terization Poclet bool, Aed Fdition, p 20 et sy
4 loe et
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the outflow or *“ draft ” can be exactly controlled, and
the annual run-oft is the eriterion Even with smaller
storage capacity a measure of control is possible, over
shorter pertods  In this latfer ease the normal flow of
the river, from subsor! drainage and springs, or from
snow fields, may by itself be sufficient for the purpose
i hand : if 1t 19 not sufficient, supplementary storage
is required , and if no site for such storage can be found
the stream 13 useless for continuous power. Under
Indian conditions, except where there is a double
monsoon, the streams fall rapidly from about October,
when the dry weather begins  The dry period continues
until the next monsoon breaks, about the middle or end
of June, except for occasional thunderstorms, Long
before then many considerable rivers have dried up.
To cope with this there must be sufficient stored water
from the previous monsoon to keep up the required
constant discharge as the flow diminishes; not only
80, but also often to supplement the flow during succes-
sive years of poor monsoon rainfall (para. 29). It is
therefore very important to be able to determine the
total run-off from a given catchment, in millions of
cubic feet, during the whole monsoon period and also
m the case of casual heavy storms at other times.

In the work cited in the previous paragraph Buckley
discusses the calculation of annual flow-off § fully, with
many tables of actuals The flow off for 8 large rivers
and groups varies between 29 and 47 per cent., while the
Western Coast (Ghat area) is given as 87 per cent. The
average for India, excluding Burma, Eastern Bengal and
Assam, is given as 416 per cent. Averages are, of
course, at best, only a very unreliable guide. *‘ The
total rainfall on these trocts in India averages 374 inch,

The Indian Irrigation Commission estimates that this _

depth is disposed of as follows :—

22 1nch or 59 per cent. is absorbed (1) in sustaining
plant life, (2) in maintaining the moisture of the
soil, (3) in repleni=king the subsoil water supply,
and (4) by evaporation.

225 inch or 6 per cent. is utilized in artificial
irrigation.

13 25 inch or 33 per cent. is carried away by the
rivers to the sea §

23. Barlow’s method of determining run-off.—
The late Mr. G. T. Barlow, CLE, the first Chief
Engineer of this Survey, studied the problem-of finding
the aggregate run-off in the United Provinces, with a
lifetime of irrigation experience to back his efforts.
Realizing the radical inadequaey of all formule based
on generalities, at least in a mon<oon country, he tried
analysing the duily rainfall records within given eatch-

10p et ,p 324 et eeq.

§Op.cit .. 325, z



18

ments, where the run-off eounld also be ascertained, in
order to correlate the two, By classifying both catch-
ments and daily rainfalls and adopting empirical con-
stants he obtained moderately accordant results.
Barlow's classification of catchments is as follows —

A={lat cultivated and black cotton Rateof flowsmall;
soil catchment, absorption and
Baaflat partly cultivated and stift loss large, mum-
soils. off emall
'=average catchmen
ills and plaing mch ttlo cultiva.  Rate of fow large .
tion, ahsorption and
E=very lully, steep and rocky with  loss small, run-
very bittle cultivation, off hizh

His classification of rainfall into hght, medium and
heavy daily rainfall involves the entire omission of very
low rates of discontinuous rainfall, as follows :—

Light falls under } inch in 24 hours should be entirely

" omitted unless continuous for several days; falls from

4 inch to 1 inch in 24 hours should be omitted if there

has been no fall before or after. Falls from 1 mch to
<1} mch in 24 hours, when not followed or preceded by

similar or greater amounts, are considered light.

Medwm falls are those from 1 inch to 13 inch 124
hours when followed or preceded by sny but light falls ;
also all falls from 1} inch to 3 inch per diem.

Heavy falls are those over 3 mch or continuous falls
at & rate of over 2 inch & day ; also all falls of an intensity
of 2 inch an kour or over.

It will be observed that an ordinary rain gauge will
give all the daily figures, and they are in fact on record
for all the meteorological stations in India, but falls of
any given intensily cannot be recorded on such ganges
Heavy falls of an intensity of 2 inch an hour or mors are
probably of frequent occurrence in some catchments;
but such a fall, lasting even for 1} hours, as recorded
on the daily sheet, would be classed a3 medium; if it
50 happened that a total fall for 14 hours, at the rate
of 2 inch, occurred partly before and partly after the
daily hourof gauge reading (8 4 3 ) then the heavy fall

would appear as a light one when classified from the
daily records, At present this difficulty has not been
circumvented,

With the above double classification the following are
the percentages of the total rainfall assumed by Mr.

Barlow to reach the stream :—

TanLy 2—Takle showing percentage run-off ; Barlow's
Co-¢fficients.

Tyye of
eatchment.
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Like all other methoda this is empirieal, but it has the
advantage of taking into aceount more factors than are
included in most of the methods referred to by Buckley
in the work cited, On the other hand, it involves the
labour of going throngh and classifying the whole of
the daily rainfall records for the period involved, and
using commen sense in classifying them. In consider-
mg tns method it must be remembered that it was
devized from average records obtained from one Pro-
vince and may be unreliablo in another where the condi-
tions are different. Clearly there are two factors of
uncertainty, owing to the fact that rainfall records give
daily falls and not kourly tntensities  n the first place,
wolated falls on a single day and classed as “light ”
may have actually occurred in an hour or two, when
the run-off would generally be much higher than that
given by the table, especially in small catchments.
Secondly, exceptionally heavy ramfall wounld certainly
give a much higher yield than that assumed, at least on
certain classes of catchment A fall of 20 or 30 inch
m one day occurring at Cherrapunji, for example,
would give a run-off of cent. per cent In the Central
Provimnces falls of 10 inch and upwards sre by no means
uncommon mn one day, and would certainly yield far
more than 13 shown by the table ; and these exceptional
falls are generally (though not invariably) an important
factor 1n the filling up of depleted reservoirs. At the
same time neither the records nor the methods of
calculation laid down take account of these factors,
though Znown falls of 2 inch an hour or more are classi-
fied as heavy. Examination of the original data which
form the basis of the conclusions in the following para-
graph shows, however, that in tabulating daily rainfall
records 1t would generally be possible to go further
than has been the case. Thus all light falls continuing
for several days, even though excluded by the instruc-
tions, should be counted. Falls near the border line
between light and medinm should be tabulated as
medium on the second and following days. Falls near
the border line between medium and heavy should
slmllurly be counted as heavy on the second and follow-
ing days. Fslls of 6 inch and upwards should unques-
ﬁom\hly be allowed higher percentages than those in
the table. It has been impossible in the time available
to re-classify the thousands of falls on the above lines;
but the results would probably be nearer those in Table
2. Ta take only one example; in working out the
classification, falls of 29 inch and 3 inch were marked
as “ medium " while those of 3-1 inch were marked as

" * heavy,” in accordance with the letter of the instruc-

tions, Clearly the run-off of the latter would not be
double that of the former, even in the case of xsolated
falls, and still less after previous rain.
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1. Calculated and actual run-off in the Central
‘nrae (Barlow’s method).—The ramnfall records
nutnber of vears have been examimed {and tabu-
1 to some extent) i the Central Provinces for
an areas where wwngation tanks take the run-off
actual wflow has been compared with that caleu-
1 bv Barlow & method, and the results are of great
wt  To what extent these can be applied in the
of far larger catchments 1s a matter of speculation ,
the same method ha< been generally applied m
lating the probable run-off of the niver catchments
v with i the hst of sites for further investigation
* > Central Provinces Unfortunately the analysis
.sults was not completed and {especiaily n the
.. of falls to be omitted and those following contr-
1< ramn) the classiheation 18 not always satisfactory.
present writer has however made the best of what
been done and the following are the mean percen-
5 found for the 3 classes of catchment available,
areas from 3 to 78 sq. mules.

.
p | ¢ » \
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re individual variations of percentage are, as would
.pected, very great, but the mean results all through
that Mr Barlow’s percentages are too low in the
" Provinces  Laght falls especially appear to give
1stently higher run-off from medium catchments
the first table gives even for class E. Classified
falls are found to vary from 9 to 28 per cent. of
sotal classified falls. It would be rash to apply
somewhat tentative conclusions at all widely;
t 18 probably safe to assume at least that all calcu-
of y1eld by this method 1n the Central I’rovinces
ety conservatife An addition of 10 per cent,
i seem to be well within the mark.

Automatic rninganges.—The standard ramn-
¢ is mercly an air-tight vessel to collect the preci-
“« from a5 inch or 8 inch circular funnel, generally
ving daily readings. Tank gauges to hold the
or a considerable period are, however, often con-
ted for use nplaces where daily readings are
ssible. In this case no indication whatever is

of the times or intensity of the fall. Even with
readings, as poiuted out above, a recorded fall of
*may have fallen in one hour or in 24 hours.
" office records show that many devices involving

CALCULATED AND ACTUAL RUN-OFF IN THE CENTRAL PROVINCES.
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the use of tipping devices, revolving wheels with huckets,
and float and cord arrangements have heen invented ;
most of them however have not steod the test of
practical use. The writer has no personal expenence of
the Wilson “ Pluviograph ” or the  Serpentine " regis-
termg and recording raingange. The former is
clectrically operated while the latter is worked by a
mechameal tipping device. Dr. Tate, Officer-in-charge
of the Survey in Madras, has one of the Serpentine type
in use and reports that except for minor defects in the
recording pen and paper it works satisfactorily.

A point frequently overlooked 13 that from the point
of view of irrigation or power projects, as distinct from
meteorological records, a considerable percentage crror
15 of small importance. A run-off can scldom be caleu-
lated correctly even to 10 or 20 per cent. If in a given
suall catchment area, possibly contaimng one zauge
station, ten other gauges were put up, all their readings
would notoriously be discordant—especially in the hills,
where a heavy fall of rain and a clear sky may be
separated by half a mile.

The writer hopes shortly to be able to contribute
a further step in the direction sought, and is carrying
out experiments with that view,

OmarTER 4.—WATER STORAGE AND WATER TOWER,

R6. Load factor and kilowatt-years.—The
importanee of the annual load factor in hydro-electric
schemes, ¢ e., theratio of the average load to the maxi.
mum load during the year, was emphasized in the Pre.
limmnary and Second Reports. Where a project dependa
mainly upon storage; or where there is sufficient re-
gulating storage on a project dependant upon perennial
flow, the total horse-power or kilowatts of working plant
(exclusive of spare sets) which can be installed may be
far in excess of the continuous power capacity of the
source. IN Tuis REPORT ALL POWER CALCULATIONS
ART "LXPRESSED ON THE EASILY UNDERSTOOD RASIS
OF CONSTANT CONTINUOUS 2}-HOUR FOWER IN KILO-
WATIS, f.€., 1N KILOWATI-YLCARS ; po that in any case
the actual possibilities of the site in terms of units of
electricity which can e generated per annum are found
simply by multiplying the continuous kilowatts by
8760, These units, 1f the above conditions as to storage
are fulfilled, can Dbe geperated at any time. Thus,
for example, the Tata H. E 1* 8. Co.’s plant generates
practically the whole of its power during the 12 hours
when the mills are working, and very little for the
remainder of the 24 hours. The highest load factors
at present ‘obtained in India are between {0 and 50 per
cent o that the capacity of the working plant wnstalled
in these cases can be from 2 to 2] times the continuoLy

Ez
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capacity of the site With a load factor of only 33
per cent. the working plant installed could aggregate
3 times the continnous capacity. Clearly the latter
case, though apparently giving greater power possibili-
ties, is really much less favourable for water-power work,
as the total capital cost of a large part of the works
will be proportionally higher than in the former ease
and the utilization of the plant will be proportionally
less; in other words, the same number of units gene-
rated will have to bear higher caprtal charges  Should
lectro-chemical industries be started, load factors
of the order of 90 per cent. might be obtamed. The
forecasting of the probable load factor in any particular
case involves a detailed examination of the conditions
of the whale of the probable consumer’s loads, and the
drawing up of load curves based on these data. In
the early stages of determining the probable power
at a given site this 13 unnecessary , but before actual
development is undertaken 1t 1s essentzal. If the conti-
nuous power obtamable is stated, this 1s all that 1s
required for the time being, 1t 18 useless as a rule to
speculate on the unknown load factor in order to arrive

TECHNICAL MATTERS.
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at a low figure per kilonatt installed.  In a fesw cases
in this Report however it has heen pointed out in generl
terms that on * commercial load factors™ there would
be a low cost of hydraulic development. It might how-
ever happen in such a case that, for electro-chemical
work, the hydraulic development would be too cxpensive,
as the whole capital cost would be sunk an a plant of the
“ continuous power” capacity shown and no more.
For a practical example of how regulating storage,
combined with flow, deals with the problem of a load
curve apd its peak, the reader is referred to para 28,
“Main and Regulating Storage” using for example
the Um Tru River, Assam. A practical case is there
worked out, with an illustrative diagram, based on such
information as is available. It may however be a9
well to give characteristic load eurve diagramae here,
and to show what they imply, Of these Fig 16 shows
a load curve for a plant working a continuous electro-
chemical process ; Case A The maximum load is 5,200
kW. and the average load is 5,000 kW. giving a load
factor of 96 per cent. This is somewhat higher than
would be obtainable in practice, for the sake of example.

6000
4000
Kw A. El tio- |chammicat.
Liad- facllor 942 :
2000 -

[} [ Houvs,

(L3 18 24

Fig 16, Lomd Tactor diagram,
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17 shows a load curve for a plant mamly driving mnant bghting peak load of 5,000 kW. for 1 hour;
ry Ioads for 12 hours a day . Case B With a  Cace ¢ The load is at 4,000 kW. or more for 2 hours
mum load of 5,000 kW. the load factor 1s now 56 and at 2 000 LW. or more for 4 hours, but the overall
ent. The 5,000 kW 1s required almost contmuously  lnad factor is only 27 per cent. (In each case the load
12 hours on c_nd Fmally Fig 18 shows an ex-  factor may be found from the curve, as the ratio of its
onally poor town-supply load curve, nith apredo- area to the rectangle enclosing 1t.)
’
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B [Facls ry load,|

owd-pactor 562,
- [\/\N

° 6 Howrs. 12 18 24

Fiy .17 Laad factorclingram.

6000

| oufply -
Load | forlir 27 % ‘ .
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K.w.

° 6 Hours. 12 8 2]
Fig.18. Lond factor dimgrom.
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These curves may now bhe examined in relation to
their supply by water power from flow or sterage,
under various conditions ; thus take heads of 20 ft,
200 £6, and 2,000 ft. Then the water required will be
as follows :—

TaBLe 3.—To illustraie load factor.

500 |

Head Gutgat 1150 2500 5000
" feet cugees \\ vusees | cusecs ! cusecs
2,00 315 10 21 375
20 a5 100 =0 915
20 “ . a5 1,000 2100

3,750
I

Plant A will therefore require a constant supply
throughout the 24 hours of 373, 375 or 3,750 cusecs
according to the head  This minimum flow must always
be available, whether 1t 15 m the form of mimmum
stream flow or draw-off from a mam storage. If de-
pendence 15 placed upon storage to any extent, 1t will
requre 8,760 <374 cu it per diem on the highest
bead and 100 tumes that amount on the lowest, assuming
po wnflow to the reservow (¢ 4., Koyna Valley project

* in the dry weather).

Plant B, with practically the same maximum load,
will require the same constant supply of water as plant
A e 374 cusces on 2,000 ft. and so on), in the ab-
rence of regulating storage; and during the wholo
period of low load this flow would then go to waste,
But as the load factor is 66 per cent and therefore only
06 per cent of the full water supply (roughly) is being
utilized for power, it follows that a much smaller constant
flow will suffice if there is regulating storage  The aver-
age load throughout the 24 hours is in fact 2,800 kW.
instead of 5,000 as in case A,s0 that 21 cusecs can supply
it under 2,000 ft head. But practically 12 hours supply
at the rate of 374—21 or 16} cusecs, equal to 70,000
cu ft, must bo daily unpounded during the hght
load period to meet the daily heavy load period with
this high head, Ona 200 ft. head 10 times, and on &
20 ft head 100 times, this storage mmst be provided
if the available flow is only the minimum of 210 or 2,100

cusecs, a3 the case may be.

Plant C again has the same maximum load of 5,000
LW. and on flow alone will require the same amount of
water as in the two previous cases. Iere the load
factor is only 27 per cent. so only that proportion of the
maximum flow will be utilized for power. Here, with
etorage, the plant could be worked on 10 or 100 or 1,000
cusecs on the three heads, as the average load is only
6,000 27/100 or 1350 kW, ‘Taking the case of the
2,000 ft. head (for the others are proportional} let

TECHNICAL MATTERS.
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it be assumed that enly 10 cusces are available for a dry
period.  Then all actunl loads over the 1350 kW, which
that flow can supply, must be taken from wstorage
These loads, from the curve, total up to 11,000 kW.
hours and would require some 310,000 cu. it of
stored water under 2,000 ft head, or 10 and 100 times
that amount on the lower heads named.

Thus, in the three cases A, B, C, the smallest constant
daily supply of water (whether from a running stream
or from a great lake) which will give the energy generated
13 373, 21 a0d 10 cusecs with suitable regulating storage
but 37} cusecs in all three cases without it, under the
2,000 ft head. Where there is a main storage reservoir
with several months supply it is of course unnecessary
to have subsidiary storage so long as the arrangements
are such that the required water is always available
shen required.

27, Water storage generally.—Tt was stated in
previous reports that water storage could seldom
be usefully employed except under high heads, and
this 18 generally true. The power obtainable from a
given quantity of stored water is exactly in proportion
to the working head on the turbines, and therefore it
will pay to construet great dams on heads of thousands
of feet when it will not pay to do so or heads reckoned
m tens of feet, for one-hundredth part of the power.
There is no exact point where it can be laid down that
the head is too small to justify large storage works;
the limit depends chiefly on the cost of the dam per
wmillion cubic feet of useful water storéd behind it,
and this depends in turn on the configuration of the
ground and the nature of the submerged land. The cost
of competing fuel-generated power also has a far-reach-
ing influence on the decision in each case (vide paras. 16
to 18 of Preliminary Report). Recent investigations in
the matter of tida] power in Gieat Britain show clearly
that, although the matter is highly controversial, if
the conditions for vast storage ave sufficiently favourable,
it may be possible to use it commercially even on Jow ~
heads, There nre however po circumstances other
than those of tidal power of which this is true. Never-
theless the present report shows that in localities such
as the Central Provinces, where the rivers are mostly
not perennial, and the available falls can seldom_"be
developed above medium height even with long channels,
there is no alternative to storage1f power is to be develop-
ed on # large scale, Among the sites of which reconnais-
gances have been made, and which are now recommended
for further detailed exsamination, are many of which -
the * head  lies between the hmits of 100 and 1,000 ft
At Ligher altitudes above plains level in this area
the catchment areas arc too small to give a useful
yield, especially when highly variable annual rainfall
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and frequent failure of the monsoon are taken into ac-
count. The ground however offers facilities in many
cases for Jarge storage at moderate'capital cost, as shown
by the many existing irrigation reservoirs and the details
of sites disclosed in this volume.

The Central Provinces have been taken as an example
here, but the same conciderations apply in a greater
or less degree elsewhere throughout India. Bombay
is fortunate in having higher and less irregular rainfall
with elevated catchments in the Western Ghats, con-
taining scores of excellent storage sites. Assam has
also very high rainfall over the even more clevated
plateaux of the Khasia hills, but with fewer discovered
sites. In the Punjab and the United Provinces snow-
fed perennial rivers may render storage of less importance
for the development of power, though it will be in-
valuable for irrigation lereafter. Madras is Metter
placed as regards rainfsll than other Provinces, Laving
two monsoons over a large area, but storage may play
an important part in power schemes there; in many
cases however perenmal rivers offer good promise.
Burma has enormous water power resources, in which
storage will probably not figure predominately. Bengal
and Bihar appear hkely to have far less power than
other parts of India, but comparatively little recon-
naissance has so far been made in either Province. In
some of the Native States of India there are undoubted
possibilities, in which storage is generally involved.
The adjoining territories in the Himalayan area un-
questionaly have almost unlimited power, from snow-
-fed perennial tivers; but these do not fall withio the
scope of the Survey.

28, Main and Regulating Storage.—There has

i
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with the possibility ever present of a late burst of the
monsoon.  Here, again, extra storage may be required
to make up the deficiency in two bad seasons in sueces-
sion. If sufficient carry-over storage is not, or cannot
he, provided the constant discharge to be reckoned
on must be reduced accordingly. The fignre of 35
m c ft has been generally adepted as a safe amount
of storage to give 1 cusce for a year, after allowing for
losses, It should perhaps be pointed out that where
the storage site allows little or no earry-over frem year
to year the single year of absolutely lowest total run-off
is the entical period, rather than the worst combination
of two less deficient years.

It should alo be pomted ont here that cases arise
where o constant discharge from a reservorr will be
necessary for Irigation purposes, at certamn seasons,
regardless of power requirements  This should 1n these
cases be allowed for m storage calculations, lenving the
method of effecting it until such a project matures,
there will then be no difficulty in designing accordingly.
The governor could bye-pass the full supply through
a relief valve when not requured by the turbine (see
para, “Technical Progress "); or governmg could be done
by diversion or deflection of the jet (in the case of -
pulse wheels) without using a spear 1n the nozzle, or,
again, the deficiency could be made up by hand regula-
tion from any power pipe not 1n use at the tune.

Returning to these mmstances where man storage
is laxgely depended upon, 1t is seldom necessary to have
a large amount of regulating storage al:o It may so
happen that the project necessanly mvolves an upper
and a lower man storage reservour, m different catch-
ments, and except for the expense of two dams this 12
nnulmu

advantag; if the forebay

been a certain amount of derstanding reg

main and subsidiary or regulating storage reser\'mrs,
also between the capacity which a site can contain,
the amount of water obtainable,and the eflective storage.

The limiting case of storsge pawer schemes is where,
as in the Western Ghats, there is very heavy ram over
limited catchments for a few months in the monsoon
and practically no inflow into the reservoirs at other
times. The stored water then has to suffice for some
8 or 9 months of working ; and if the rainfall varies
greatly (as it does throughout India) there should be
- sufficient extra storage to make up the deficiency in
bad seasons. It is generally found that the fuo conse-
cutive driest years are o more severe tax than an isolated
year of minimum rainfall.
Where larger catchments sre involved, the rivers

{fed by them will liy have a iderable discl

for 8, 9 or 10 months in the year ; but main storage on
a large scale is required to carry over the excess monsoon
water to the jncreasingly deficient hot weather months,

8
site can be made to hold 2{ hours’ or even 12 hours’

full Joad supply, no other subsidiary regulating storage
is necessary. Such an amount will ubvivusly deal with
every possible hour-to-hour variation i the demand up
to any peak load, and, except 1n the cawe of a break-
down in o channel, the forebay can alway+ be hept
practically full.

If however the forebay site does not admit of sufficient
storage the questton turns chuefly on the length of the
open channel, It will take the water about hall-an.
liour to traverse each mile of open channel, <o that fora
10-mile chanrel some & hours will elap~c Letween the
time when the sluice 1s altered and that whentle
supply to the forebay will respond.  If then the main
outlet for the power is a factory load, nsing from a negli-
gible amount to full load at a certain hour, and closing
down sinularly, this trme-lag of 5 Lours would Lave to
be recloned with at the head-works. In such a case
it would be desirable to have o eubsidiary storage of
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about a day’s supply, more or less according to its capi-
tal cost, at the nearest practicable site to the forebay.
But the cost of a large storage here would seldom be
justified unless it enabled the average draft and poner
to be increased commensurately. In a number of ins-
tances such large subsidiary main storages have been
proposed but classified as * regulating ™ storage

The proper function of regulating storage 1n a project
depending upon main storage is merely to enable the
plant to be operated under all required conditions.
For example, a main storage can be depended upon for
100 cusecs continuously, year m and year out , but the
plant may sometimes require 500 cusecs for an hour or
two at peak, ot 200 cusecs for 8 hours on end with
comparatively lttle for the rest of the day. (These

MATTERS, [Para. 28,
a good minimum flow of 170 cnsces.  The problem isto
determine what size of plant ean be installed. This
of conree can only be ascertained when the load curve
i known, and if the project in question is to go forward
the next step s to canvas the consumers and draw
up the probable curve—a matter for the electrical en-
gineer. For purposes of illustration a hypothetical
load curve may be evolved, see Fig 10, When the
river is at its lowest flow of 170 cusecs, and with a head of
200 ft, 2,300 kW. is available for 24 hours a day,
without counting on the storage. The 8§ m. c. ft
of avnilable storage, during the dry period of 2 mo,
would give an extra discharge of about 2 cucecs, bring-
mg the average power up inappreciably, Therefore
in one day 2,300 > 21 or 55,200 units can be generated
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suppo-itions are unfavourable for hydro-electric works,
and are merely by way of example) The function of
the forebay, or, if that is too small, of the regulating
storage, is to supply the ettra water over and above
the average draft, so that the channel from the main
storage can be designed to carry that average flow
constantly, The saving in cost on a long channel would
probably pay for the cost of the regulating storage ;
but, apart from ths, the latter is g reserve agdinst a
temporary break in the channel.

These conditions may conveniently be illustrated
from the ease of the Um Teu River, entered under the
st ol sites nvestizated .but not developed in Awam
There is good regulating atorage capacity combined with

aling SCarage.

and no more. This is shown on the dizgram as a dotted
line at 2300 kW. The actual load curve assumed is
g’hown by the continuous heavy line; for convenience
it 15 made to run exactly on the squares, though in fact
it would of course be wavy. Each square represents
1,000 kW, in power and 3 hours in time, or 3,000 kW,
hours in energy and the constant power Iine has 18 4
such squares. The cross-hatehed avea belon: this line
shm\'s. that 38 equares or 11,400 kW. hours are lelt
OVer in storage in every 24 ) These are absorbed
1 the cross-hatched po a abore the same
line. From 16 hours { hole flow i+ used
and the ftorage is drawn ours the reservoir
6lls  The load factor " the ratip of the

. -,
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load curve area to the area (10 squares) of the whole
184

0 = 046
or 46 per cent whch 1s another way of illustrating the
units generated 5 200

umts posable or 5,000~ 24 The
peak load shown 1s 5000 kW. Any other load curve
could be met so long as the shaded area above the line
does not exceed that below it

29, Gross and effective storage.—Reverting to

main storage Teservoirs, it is preferable to confine the
term “ effective storage ™' to the actual destygned capacity
of a reservoir between full supply level and draw-off
Jevel The term has m many mstances been used to
connote the mean vield from the catchment of the two
driest consecutive vears  This last figure 15 of course
of the utmost importance in the final desien of the works,
but 1t does not as has often been assumed, necessarily
imply that this mean dry-year yield is the utmost
that can be depended upon If the site is favourable,
a small addition to the height of the dam may enable
a substantial volume of water to be carried over from
normal year to year until required to supplement a dry
vear or cycle In many cases the investigation of a
storage site has been carried only to the point of finding
sufficient capacity to store, in each of the two driest
years, the estimated yield of that year This ignores
the possibility of carrying over sufficient water from
normal years to supplement a dry cycle ; whether this
15 practicable 15 a matter of comparative estimates in
the detailed survey stage

Where rainfall data are obtainable over long periods
and at sufficient pomts in the catchment the average
yield can be calenlated by such method as is locally
employed ; often the mean run-off percentage in neigh-
bouring catchments is known and can be used with
discretion. Then the yield in the two driest consecu-
tive years on record can be similarly calculated, for
which Mr. Barlow’s methods. (Paras 23, 21) has
been considerably used. If a particular discharge can
be obtained, by means of carry-over storage, through-
out the second of the two driest consecutive years it
may perhaps safely be assumed that the same discharge
can be obtained 1n an isolated year of minimum lower
than either of the two consecutive dry years ; this how-
ever should be subsequently checked.

Having found the probable yield in good and bad
seasons trial and error methods will indicate what con-
stant minimum discharge the catchment is eapable of
giving at the site; then it is necessary to see whether
the site itsell is capable of dealng with the assumed
amount, This investigation should preferably be made

enclosing rectangle up to 5,000 kW. 1 ¢,,

ordinary form of

~
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over a long series of past years, but ordinarily it will
perhaps be sufficient (at least during preliminary
investigations) to start with the year before the driest
2-year period Assume that the reservoir is full at the
end of the monsoon of the 1st year. Then up to the
break of the second monsoon—the first of the unfavour-
able years—there will be a constant draft of z cusecs.
The post-monsoon inflow to the reservoir will at first
excced the draft, and will be surplussed ; thereafter it
will average # cuseces for the whole period, so that the
net amount drawn off from the reservoir will be at the
constant rate of 2-y cusees Thus the reserve storage
at the break of the second and first deficient monsoon
is known. The calculated inflow from this monsoon,
less the constant draft of z cusecs, will show how much
water ig m hand a6 the end of that monsoon  Treating
the sccond dry season and the third monseon similarly
the reserve of water at the end of this latter unfavourable
monsoon is found , 1t must be sufficient to provide the
net draft up till the break of the 4th monsoon (assumed
normal), the inflow during this dry period being probably
abnormally small.

These calculations may be carried out as explained,
or by various graphical methods, including the mass
curve and draft curve,~—see next paragraph. Tke
assumed draft can be modified until it can be met.
As regards the reservoir capacity required in any parti-
cular case, a very small extra height will give a very
great extra capacity at small cost, provided that the
site is favourable and the extra submerged land is
not too valuable. It is always preferable to carry
the investigation of the site up to the capacity indicated
by the yield of a normal year.

Tt need hardly be pointed out that no question of
load factor (see para 26) arises; the draft can be taken at
any rate so long as the permissible total is not exceeded.
These considerations will also show that where in draw-
ing up schemes the Yeservoir capacity has been made to
fit the assumed mean yield of two dry years there is,
in fact, always some carry-over; for the monsoons are
epread over several months during which the power
draft is always operative. This has often been over-
looked.

80. Graphical method of caleulating man
storage.—It will be well here to show the common
method of determining the amount of storage graphi-
cally; and, as a concrete example is always preferable
toa bypothetical one, the case of the Pench reservoir
of the Silewani Ghat scheme may be talen. The data
of this project are far from complete, and assumptions
have to be made, but they are based on such informa-
tion a3 is available,

¢ r
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it i I i i 3rd year—
Iflg. 20 is & dlagr_am ‘cxtendmg over six years, JBS; ey March
periods of 3 months being indicated on the ordinates in Drafb ., o« o+ . o+« J100meft
cach year. Where the curve rises above the zero line Inflow P
of the abscissae the cxeess of water is surplussed and Nott draft

e
lost, so that when the draft first exceeds the inflow April—Juno

. . Draft . . . . . . . . 1,050 "
the curve starts from the zero line. It is assumed Tnflow A '
that up till October of the first year t_—hcre is a surplus Nebdmals . . . . e . Tew .
going to waste. A constant draft of 250 cusees, as pro- D S T K T
posed in the Silewani Ghat scheme, is taken to include Em‘l"r’
both water for power and losses from evaporation, ete. -

Then the draft from October of the 1st year to January Sely—September— ToTaL DRAFT + 3,000 m.c. ft.
of the 2nd year is 1950 m e. ft., but an nflow of 550 Draft - e e e e L1950
m. c. {t. from the tail of the monsoon reduces this to Normal monsoon inflow Ce e W00

1,400 m, c. ft. ag shown, From April to July no inflow Excess, . - D X 21 .
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is acsumed, fo a further 1,950 m. o ft. brings the

total draft to 3,3%0 m ¢ ft. The second monsoon have been drawn, the balance spills over ; and Qctober
is acsumed to be o heavy one, giving a run-off of some, starts afresh with full reservoir.

H,000 m. e, ft. Againet the draft of 1,950 m ¢, ft.,, 3rdyear—

up to July, 6001 ¢ {t are credited at the besinning Ocmbﬂv_mm?‘bﬂT

After filling the reservoir, from which 3,000 m. . ft.

of this monvoen, s that the 1250 m. c. ft. nett draft P';&!’:V Lol :1.338 - ?- *
brings the total draft to 1,700 m. ¢ ft. ne shown. Nett dmft . Tooo
Then the revervoir i3 rapidly filled and the large amount  4th yesr— . o “
thown by the ehaded area goes to waste. In January hf)‘:hry-nmh_

of the thinl year the druft once more exceeds the P :I’OSOML."
eupply. A normal monwoon follons, the fisures helny e . s
baced on thowe given ddeenlere in the Report. It will ]:}T:r]loen;
be rufficient to sumnariaa the remainder of the curve. °

TorsL DRAFT . 2,950 m, ¢ L.
'
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Tere the first of two consecutive Lad monsoons
ocours.
4th yoar—

A . 1950m et
June mflow . . . 200 "
Nett draft . 1.758 "
Akt ) ) nln':ludy

deayn off
ToTaL DRAFT . 4,700 m, o, ft
Yer—

July—Septoarter e

Tt weoh monsoon inflow et .
. 2,450 "

Extess

This excess 1s added to the depleted reservoir but

falds to fill 6. It bnngs 1t up by 4,700-—2,450 to the
2,230 m. ¢ ft. mark s shown.

Uctober— Leember—

Drafy . L L9530 m. e ft
laflow J T
Nett draft - Lo,
Hdd pxcuous detency Jzeso o
Toraupparr . 4330
5th year—
January —March—
Draft . . L9 "
tow | .
Add prcious drafy T30
ToraL pEarT L5300  ,,
April—J
Mg o L0,
Inflow . 300,
Nett drait . . . o0 "
Add previous draft . 0 .
Torar DEAFT; . 0,950
Jul)—bcph,ulbu— .
Draf . - «L9%0 »
2nd wook snonsoon wlow . . o0
Exossj - .. Lm0,
Tlus reduces the tot.al drait to 3,600 m, c. it. as
shown.
Octabd.r—l)»cnmber— .
Drafy o . . . . . L1850,
lafiow N %0,
Nett dralt . S ©
Add proviews drate . L. LT
TorTaL LRAFT 4,000 "
otk year—
January—blatch— .
hall . . e e e . s JlB0 o,
lutlow . . . B .M
Add provious draff  + Y R
TorsL bLsFr |, 6,550 "
Here comes the entical period. The following

mousoon may be normal or excessive when i€ comes;
but it may break late. If it does not, breaL till July
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m, c. {t, the carry-over in a noumal or good year is
600 m. c. ft. It 1s a slender margm, and it would
pezkaps Lie wiser to calculate on a shightly smaller draw-
off unless the yield of two bad years proves more than
that here assumed,

31. Raver development by Liting dams.—Iither-
to httle attention has been pard mn India to what is
perhaps the t wmcthod of developing water
power from large or moderate rivers, namely by means
of hiting dams.  (Second Report, p. 12, 20d para,) To
take a well-known example, the cysnamde idustry ab
Notodden (Nerway) depends upon a sentes of power
stations on ome uver. At Rjukam, lugher up the
nver, there are lugh-head developments supplied from
natural snow-fed lakes which have been developed
for better regulation, Below Rjukam there 13 another
natural lake, which has been 1aised to aflord further
regulation. From this point the river origmally des-
cended 1 a long series of rapids  Along its course a
series of low dams las been bwilt, £o that the rapids
have been converted 1nto a series of lakes and artificial
falls of the order of 30 to 60 it. each. At eack hiting
dam there 1s 2 power station of 10,000 h. p. or so,
all of these transmitting theiwr power to the Notodden
factories. In most of these low-head installations a
short pipe lme 1s used, sometimes with a short canal
also, the full asalable head being of course wed by
means of reactton turbmnes. In one case at least a
10ck tunnel 1s used m place of a pipe. The whole
discharge of the river 1s available at cach site, aud the
lakes cnable the flow to Lo rcgulated with faw umifor-
mity throughout the year. ln tlus cass there 1s the
additional advantage that the catchment area includes
perpetual snows.

1t is not necessary that siiek a sertes of power stations
should be constructed ; bundteds of iselated plants m
Amenca are worked from ewygle hfting daws on the
natural flow of tle rivers.

Applymg these considerations to Indu the cond-
tions vary widely. In the Humalayan area the rivers
are mostly enow-fed and perenwial, and few natural
lahes exist which could bv utthzed for regulation.
The Woolar Lake in Kashumir 13 an eaception; the
Jhelum miver, if regulated at this Lake, could be utis
Lized fromBaramula to the plains on the bocs suggested,
taking the exwsting installation at Mobora inits stride,
In other cases a regulating storage eite of great capa-
city would have to be found and devdluped ; and the
floods during the monsoun and the medting of the suows
would obviowsly muhe regulation diheult on such

iderable bed glopes as are general. A suggestion

a further 1,950 cusecs are drawn off, L the total
draft to 8,600 m. ¢. ft., which is the dcsx"ued effective
capacity of the reservowr. As the annual dm(t 18 7,800

however is wade m & suwceeding parugtaph  which
way bear frut.
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Elsewhere in India the rivers are not snow-fed;
many arc not even perenmal ; nearly all are subject
to very heavy floods. Nevertheless such examination
a8 has already been made shows that in a large number

-of cases reservour sites can be found with large capacity.

1t would seldom pay to develop these for the low or
low medium fall available at the site of the dam, in
order to get a few thousand H. P. If however a single
very large storage, mmpounding the whole or greater
part of the average yield of the catchment above 1t,
could be utilized to give a regulated flow to a number
of power stations, the aspect of the proposal changes
completely. Naturally such o chain of power stations
pre-supposcs an ndustrial outlet for the power, but
that 13 & matter apart from the determimation of water
poTer resources.

Assuming such a storage reservoir to be constructed
i the lugher reaches of a nver, the regulated flow
would contmue 1ts course down the natural channel
1t would be supplemented by tributary streams, and
if a further favourable site were found a second storage
mught be constructed

Tributaries with very large catchments would pro-

bably have to be regulated by smular storages, as
otherwise their unrestricted floods would render power
stations dificult to construct and would seously
reduce the head at them In all probability the fall
fiom the draw-off level of each main storage would be
sufficient to Justify the provision of a power station,
which wonld work on a vamable head between this
munusum and the lugh flood level of the reservorr.
Wherever copditions were swtable below the mamn
storage, a lifting dam of switable height could be con-
structed to give a head of (say) %0 to 100 ft. The
storage belund such o hfting dam would not generally
be used except for the day-to-day regulation of out-
put, and the meeting of peak loads, The head would
therefure bu constant, or nearly o, and any excess
water would spill over the dam. Floods would, as
alnays, have to be designed for ; Lut the main storages
would largely contamn them. Various imstances will
be found m this Report where such & method of de-
velopment may prove feasible; others will doubtless
be found as investigation proceeds.

In certain cases where the above po--ibility has not
been considered, or where there has bren no investi-
gation at all, the assumption has been made that
the minimum ow can probably be utilized oa the drop
sepressated by the gradient of the river for so many
mies, The ascumption is clearly admissible 1n dealing
with water power resonreesi for if flol regulation
#torsge Wero poassible it would also ensble tho minimum
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flow to be supplemented to some extent throughout
the connected chain of stations.

32. Development by barrage~—Where the ab-
sence of flood-regulating storage makes the ordinary
type of lifting dam development impossible there 1s
still & chance of development by barrage, .e., by means
of a hfting dem, with automatic or controlled flood
gates along 1ts whole length. In some cases the loss
of head by the rismg of the tail waters would bar this
method, but conditions differ widely over Indm and
there are almost certainly some sites where the method
would be apphcable. There is more than one possible
manner of procedure. Generally the most efficient
method, where the site admits of 1t, would be to take
off the water in closed pipes from below cill level (pro-
bably 1n a tunnel in the bank) and to carry them along
to the point whero it is ascertamed by observation
that there will be the most economic fall to a possible
power bhouse site, The chief dificulty would Lie in
protecting the pipes and turbmes from the entry of
sand and stones; this however is not an insoluble
problem. There wotild have to be as near an approach
to a still back-water on the flank as could be made, so
that a forebay could be screened off from the niver.
In a gorge this would have to be cut out of the bank,
but as a rule a barragoe would only be possible where
the width of river 1s considerable. In this class of
project the tail race would be at low water level, to
take the discharge of the draft tubes (see para. 8, 31).
In flood times both the head and tail waters would rise
and so long as the two rises are of equal amount it
jnvolves no more than a transfer of the effective head
from the draft tube to the pressure pipe.. If however
the rises were unequal 1t would mean a greater or less
workmny head, and, within limits, in view of recent
turbme dovelopments (para. 16) this only modifies
the output of each set and does not render the site
mnpracticable.

Instead of & closed pipe, cases may occur where
some length of canal would be required to get the best
worhing head. If this were so it would in all pro-
bability still involve tapping off the water below cill
level by means of a pipe or tunnel in order to reach the
canal safely above flood level . The extra head due
to flood rives at the barrage would thea be lost, and
the rise in the tail waters would definitely involve a
ditmnution of the puwer available.

33. Flood regulation by tunnel and dam.—It
has been shown above that there are difficulties in the
case of low head projects, especnally those developed
by means of hiting dams or barrages, from lack of up-
stream flood regulation. In many places in this report



Para. 34.]

the lifting dam method 135 suggested, but the remarks
on the Indus (para 118) may be taken as typical.
1f that great miver could be regulated smaller fry would
offer less engmeermg difficulties. It s pointed out
(loc. cat ) that the Indus ras temporanly regulated by
a landshp dam m the ’forttes, until the dam broke
down and let loose the floods  Nature may here have
shown the engineer a solution of a great problem, for
what has been done naturally, without design or con-
trol, can surely be done by man with ealeulation of the
effect. On a comparatively small scalet has m fact
been done, with protectine dams of masonry or earth,
in many mstances, formstance the floods that nearly
overwvhelmed Hyderabad (Deccan) a few years ago
are now contamed m a valley above, across which a
great barrage has been thrown If such an earthen
dam as was formed on the Indus in Gilgit and on the
Ganges at Gobna lake (which still exists) can be
constructed with an escape that renders it um-
possible that 1t shall be topped by any flood, then one
of the most urgent necessities of both irmgation and
power would be solved It would bea rash man who
should say that 1t 1s mmpossible The whole contro-
versy regarding the Suhlkur barrage turns on the un-
regulated floods above.

‘The mean monsoon discharge of any of the great
nivers, of which there are records i the Irngation
Branch, can be calculated ; the maximum floods and
their duration are also known , factors of safety can be
applied to both  Let 1t be supposed for the moment
that a landshp hke that recorded on the Indus has
bloched a gorge to a depth of a thousand feet (or any
lower height m a nver with less spectacular gorges)
and that the consequent storage will hold up the whole
flow at that pomt for a year (or any other period).
It 1s then only a matter of time for the dam to be
topped and the whole lake emptied suddenly and disas-
trously. But if a bye-pass tunnel had first been con-
structed, caleulated so that it would carry about the
mean discharge of the year (or more if necessary) under
thie varying conditions of head, then the dam would
never be topped ; in fact it could be so designed that
the water could not under extreme floed conditions ever
rise withm 50 ft of the top, giving o margin of antold
millions of cubic feet. For as the storage level rose,
s0 would the discharge wcrease as /Iead.

Neither the dam nor the tunnel offers any insuper-
oble difficulty in theory. If the tunnel were built,
the earthen dam could be made either by high explo-
sives or by hydraulic sluicing, according to the nature
of the ground, and 1f Jong enough down the river bed
somo porosity would be immaterial. For the tunnel
the ideal condition would be the short-circuiting of a
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“ emall bend, with the dam at its central points, as the

work would then be safe during subsequent blasting
and tho tunnel could be at such a height above bed
level that it would take 100 years to silt up to it.
Failing s bend the tunnel could enter the bank some
distanco above the dam site and discharge at some
distance below it, mving almost equal facilities, Tt is
even concervable that in some of the less violent rivers
with large flood discharges the tunnel might be con-
structed over o mule or 50 of tho river bed itself, so long
us the dam could be constructed by hydraulic sluicing
until a sufficent cushion existed to remder blasting
safe (sec foot-note on page 103)

Such methods need wmvolve no regulation, though
of course regulation at the tunnel intake would be of
great value 1f the locality rendered it possible. If
however the site were such that intake regulation
proved mpossible the tunnel would remain open,
protected from the admission of anything it could not
carry, and the waters belund the great dam would rise
and fall within therr appomted limits. A temporary
flood of 250,000 cusecs for 24 hours would be impounded,
the level would mise 100 ft. or 300 ft.; the discharge
would 1ncrease i the known ratio ; and the flood would
be spread over a week or a month in the lower reaches,
instead of toppmg the barrage at the canal headworks
1n the plains below and bewng lost.

84, Drait tubes and draft head.—In a very large
number of cases calculations of power have been made
which take no account of the *“ draft head ™ on low
and medium falls, A power station site has been
{fourd at 10 or 20 {t. above high flood level and perhaps
80 to 100 ft. above bed level, and the head assumed
has been that from the forebay to this turbine level.
Only in the case of canal falls, generally of the order
of 8 or 10 ft , has the draft head below the wheels been
taken into account in addition to the pressure head.
Wherever reaction turbines are used a draft tube is
required, i e, up to the limit of head where impulse
wheels are preferable, which may be 400 ft. or even
more. On such a high head the gain in power is
comparatively small though by no means negligible
but on heads of 30 or 40 ft. the draft power may be balf
the total. Theoretically a draft tube can be wed up
to the limits of the water barometer, namely about
34 ft. Actually if this were done there would be
trouble from air entry and also from the column of
water breaking and causing water hammer on joining
up again. The practical linut is about 23 fi. at sea
level and proportionately less at high elevations;
and it also varies with the size of the tube. Details
are however matters for designers, and it is here only
necessary to emphasize the fact that from 10 to 25 ft.
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of draft head may Le taken into account,  If therefore
the power house site, in order to be sbme flood level
must be considerably above bed level, variona waye of
utilizing this varialle dralt hiead sre pocitle  The
draft tube must of course invanably discharpe below
the surface of the tail race; if thercfore the Iatter will
be Iugh above the river level at low water it muct bo
designed 5o as to discharge over a weit which will keep
it full ; and tlus weir must be capable of eafe enbmer.
gence in floods. Within the limta of draft permis
sible it is desirable 10" lower the tail race down to the
low water level of the niver, thongh thic might in many
cases be mmpractieable where the flood nise s great
But thero 13 the alternatise of lowermg the turbine
itselfl. A vertical turhine can be erected m a whiel
pit and connected by 8 vertical rhaft to the alternator
im the power house ; at Nisgara falls rame of the wheals
are below the surface power hom o and almoat on s
level with the foot of the fulls  This qum
tunnelhing for the tail race cut, and 1t 1 a matter of
estimating to determine low far the method rhould
be carried ; the value of the additional power, capi
talized, is set off against the extra cost of the works
It will almost mvariably be found that 1t pays to de
velop the draft head down to the normal low water
level, even though during floods some of this extra head
and power will be lost.

wyohe

CuarTer B.—RECONNAISSANCE AND BURVEY

35, Maps available and map references.—For
general geographical purposes the modern Atlas sheets
of the Survey of India, ** India and Adjacent countries,”
on the scale of one-millionth, are adnurable. The
“ Political Edition ” shows the boundaries of States,
Provinces, etc., while the * Layered Edition” shows
the nature of the country in extraordinary relief. Al
references in this Report are based on the Allas shect
numbers Thus Delbi 15 found on Atlas sheet 53;
it is in the bottom rank of the second file, or letter 1L
as shown in the following table adepted by the Survey
of India, the sxteen *degreo squares” being let-
tered asshown, In o good many cases modesn * degreo
sheets” numbered as above (63 A, ete.) are published

53,
A[E 1w
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en 1o }in reals (Lir triyand o' Ul in mapaof
aeterersoante olturad Howe are guotad na 58
A ete. Paeh eodern §oan moap e senfuely dibied
up e n R HEIRE follon e, —

Erweh of thee smnller squres, covening somo 15
eitles aquire, corrcsponeda to g madeen Lane to tho mle
riap, unfortunately the number publiched m water
power arews 19 mmall, bat i riforning o u site the
correcy 1an map 13 the nuthod ueed throughout thes
report Tho modern 1in maps are subdivided mto
mno squares thus —

63 M-16

il

Jubbulpore will be found ob squares 7 and 8 of map -
55 M-16 while the marble rochs full i3 on square 2
of the same map. Some ofhcers seem to have found
great dufliculty in correctly quoting positions in this
simple manner. The 1 1n. maps are alo marked-4,
B, C, horizontally and 1, 2, 3 vertically ; thus C ] and 2
correspond to squares 7 and 8 in the above instance,

36. Larger scale maps and their utes.—For the
nitia) cxawination of a possible water power site no
map on a scale of less than 1 mch to the mils is of much
value, and then only if 1t 13 contoured. Dany sheets
on this scale have been issued by the Survey of India,
but many still remain to be done ; and, of thoso issued,
 large number ate not’contoured but only show hills
by “foim lines” or * hal shading” Form lnes are
of little value in dectding how a chanrel can be taken
from one pomt to snother, or what capacity a dam
will give, while these can be determined approximately
on even a l-inch contoured map, Hill shading 1s value-
less for the purpose. It is particularly unfortunate to
this investigation that so many of the most likely hills
have hitherto not been mapped in detail, though it 13
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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 ecale of 4 inches to the mile, cont-
toured at 500-foot intervals. with intervening form
lines, are available for conauderable tracts of country,
jncludine much high ground that may contain water
power. Where this is so these maps are invaluable,
but they are apt to end m a tantalizing manner just
at the mid-point of a possihle project, and there are
many gaps n the middle of mapped areas In addi-
tion to the above there are certain areas mapped on
the seale of 2 inches to the mile ; and the tracing out
of contours on the-e 18 much less fatigming than 1t 1s
on the one mch maps
A careful study of the lnrgest contoured maps which
are available will be found of great assistance in all
reconnaissance work, In dense jungle or rough country
it is frequently impossible to follow up the course of a
stream, and unless the maps are carefully studied it
may easily happen that a useful fall or a promising re-
servoir site 1 missed. A few examples are given below
to ndicate the kind of information which can be ob-
tamed from maps :—
(a) A flat or a steep valley or hill side is shown by
the distance between the contour lines.
The closer the lines are the steeper the
country will be found
(b) The distance between any two contour lines
which cross o stream will give the fall in
that reach.
() Absence of willage sites and roads or pathways
denotes wild or uncultivated country.
(d) Numerous habitations on the hill slopes or in
a valley m lully country denote cultivation,
and generally springs or perennial water
in the streams.
(¢} When the discharge of a stream is known at a
certain pownt, an idea of the discharge at
another site can generally be guessed by a
comparison of the catchment areas at the
two places.
(f) By a study of the nature of the valleys and the
Lill sides, a fair idea can be obtaived 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 fgr power purposes can be
found.
(9) When a stream makes a long hair-pin bend
1t is frequently possible to obtain a good
fall by diverting tho water in & tunnel
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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 steep, while on the far side
they are gentle ; when this happens it may
be possible to form a reservoir and divert
the water through™ the hill, and by this
means obtain o most useful artificial fall.

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

Where no contoured map can be obtained it is im-
possible to decide whether a development is practicable
or not without a special survey, a lengthy and expen-
sive matter. An examination of the ground by a
trained observer, who knows what to look for, with an
Abney level, a pair of aneroid barometers, and a ther-
mometer, will however generally indicate whether such
a survey is likely to bo justified or not. This however
13 not likely to be of much value except in eases where
the minimum discharge of the stream is already known
—and it rarely is—unless undertaken in the driest
period of the year, when gauging of the flow can be
combmed with examination of the ground and the
rough determination of heights.

37. Reconnaissance Form.—In order to be able to
compare reports on sites and abstract them, with
comments, as is done in this Report, a standard form
is desirable. The form which follows kas proved most
useful, and is separately printed.

» .
Part A.—RECONNAISSANCE OF RITES.

1. Site.—Map square according to Atlas sheet.®
Sheet Number Letter , Bquare .
Square of 1 inch map. River , tributary of

Reacked  from
vfd (route, rest houses, ete)
by motor, other vehicle, or on foot 1

®Sco method expluned an jarz 33 supra. Tle linch map
squares gonerally have 9 spuars, bt old ooes Lave rem  The
same syztem may le used for threr, 1109, ete. FYor eract
Jocation of a particular spot prie Le. and itanre from neareet
village shown en 1inch map.
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Transport available—

1L Typr of project possible—Mark of which disi-

son or subdivision appeara moat hkely from inspees
tion of site,

1igh or medium beads with artificial fall—

(1) ITeadworks (or diverting dam) with pipe hne
direct to power station, and ne apen channel
cither

(a) with pipe line on a steep grade throushont,
not involving a surge tower or

{b) with upper portion of pipr line on a gentle
slope, probably involving a surge tower
at junction with more vertieal part of
pipe line

(2) Headworks {or diverting dam) with  open
channel {vhich includes tunnels) to forebay
from which pipe line will take off to power
station, either

() s in 1 (a) nbove, without surge pipe
(b) ns in 1 (b) above, with surge pipe,
{c) variation where the apen channel will pies
through a watershed m a tunnel, ginvmng
a better fall on the other ade,
Medium heads—

(3) Natural waterfall or series of eascades capable
of development by dircer pipe line {from
forchay at head of fall to the foot of the
fall, with no open channel, a8 m case 1 (a),

{4) Natural waterfall or series of cascades where
bed slope of river epables extra Lead to be
got by devclopment on the lines of 2 (a).
A surge pipe is seldom necessary on medium

N heads,

Medwum or low heads—

(5) Rapids, developed—

{¢) by means of a headworks dam, to give estra
head only (not for storage except regu-
lation), with pipe line to power house
below rapids ;

() by a low diversion dam only, where the
natural head caunot be increased con-
veniently, with a ehort pipe leading to
the power house below the rapids, but no
open channel 5

(¢) as in case (g} or (b) but with an open channel
(which may include tunnels) leading to
a forebay, from which a shorter pipe line
will suffice.

Low heads—

{G) Single canal fall,

{7) Combination of two or more canal fglls,

{a) by reconstruction of the length of the canal;

.

() by rrace ol a et sidisey ehaneel Ieadine
cither to n porcer Fanmnpear the loeer fall
or frory the tul raee of a poner Fonee
rear the npper fall aepoar it heot

() Speeial ear of ntiliam e (L frsm n b beeel
caral to alow level exmal, or freon tiver ton
caral  Thic pirht be aopodimm head pros
pesition, but sould penerslle To o lory head

W Jhe? or fol- Approxmate preov heisht of
rerorsl watethll L fiet

Apprazimate grost hewht af artdfidal (AU or of pa
trral £l arereend Ly ertrn Food obtainable shove or
Below <ame, by means of an open channel,

. ft.

State method of determination, by level, anrroid or |
map contottre The gross head shonld be Yatim sted
from the powre honse «ite to the farebny aite in the case
of high and mediwm heads  For falls clacsified as
“low,” e uung dealt tuhes take the vertical beight
hetneen hread waters and tail waters,

WV Flow and Storage — State whether it appenra
probabla that the project in'the first instance will
mature—

(1) on natural flow alone, with (or without) regulat-
g storage only  Nearly all Tnw falls will
be of this nature as cost of storage 13 usually
profubitive

() on natural flow supplemented by stornga in dry
months. Applicable to” medium or lugh
Ialls

(c) onstoragenlone. High fallzonly, a<a rule.

V. Flow of rivers.—Ii known give the maximum

recorded flood discharge cusecs.
If known give the minimum recorded dizcharge
cuzecs.

Recorded at (location) ; Date

Where records are kept give the rough average dis-
charge that is found during the dry
months in gnod and bad years: cusecs
at {location).

Wherc no regular records exist givo results of any
special gaugings available in form:

Year , date , previous
rainfall of month inch, discharge
observed cusecs. When 1s the dus-

charge likely to be at its lowest ?

In the case of low_head rver developments of type
pars. XL {§) above, state whether it 13 likely that in
{lood times the tail waters below will back up more than
the head waters, and thus diminish the available head
In o gorge, or where there is a gorge near by down
stream, this is ikely to be the case.  With a river narrow
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at the headworks and wide, with a farr bed slope, below
the station site the head will probably be inercased
I the river hable to sndden spates of great intensity ?
Is it snow-fed from permanent or from winter snow ?
VI Rawnfall, catchment ; run off—
Catchment area above dam or headworks
Ramgauge stations withm or near same

(a) Average total ramfall in dry months
from to
mclusive, mches.

(b} Mizimum ramfall in dry months from
to
mnclusive, mches
(c) Average for rest of year
() Miumaem for 10+t of vear
Maximum rainfall 1 one day, if known, (small
catchments only)
Probable annual run-off (known or estimated) in
million cubzc feet in average year
Probable annual run-off (known or estimated) m
mimumum year
VII Regulating Storage —In the case of lugh or
medium head schemes there should be at least a few
hours supply stored, preferably in or close to the forebay,
but if no site exists then further back. State if such a
site exists and 1 what position relative to the probable
layout , its capaaity very roughly if an mtelligent guess
will give 1t ; whether 1t will be formed by a dam in the
mamn or a subsidiary stream or by an artificial tank;
and any further informaton as to probable cost of con-
struction, nature of ground, etec., so far as mspection
only makes this possible
Site for regulating storage at
Distance from forebay site
Capacity roughly cu. ft.
Whether formed by dam in main stream.
Ditto dam in subsidiary valley.
Ditto artificial tank.
Further detals from inspection.

VIII. Maue Storage.—In the case of medium or
high fall projects dependent partly or entirely on storage
give (as near as may be) location of dam and nature of
ground, very roughly the length and height, with corres-
ponding capacity, so far as inspection or l.inch map
will give any information.

Location of dam {on l-inch map, by square as
explamed zbove).

Approximate length

Nature of ground

Height likely to be adopted (so far as can be seen
without survey)

Probable method of surplussing flood waters
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Probable capacity in million cubic feet (or approx-
mmate length and breadth of lake surface)

If data under para VI are scanty, state if there is a
reasonable probability of fillng the reservoir proposed
and whether the conditions render a large carry-over
necessary for probable bad years (two fairly bad years
are generally more dangerous than one exceptionally
bad one between good years).

State pature of ground which will be submerged
whether forest, jungle, waste land, good or bad agri-
cultural land

Does 1t contain any wvillages, temples, ete,

IX. Headworks.—Give particulars so far as inspection
discloses them as to how the supply from the river (in
cases of nver development) will be regulated at the
headworks, and brought into the open channel or
forebay, as the case may be

Probable location of headworks

State 1f the water 1s fairly free from, or particularly
charged with, silt and detritus in the rams.

State if river is used for timber flotation, and if this
is likely to interfere with its development fcr power.

X. Open Channels or Canals—Where the site involves
these the ground should be examined. In the case of
low heads a canal in earth or rock alone will serve.
‘With medium (or even high) heads where the power will
be large, the same remark applics In smaller high or
medum head projects an artificial duct will generally
be ndicated : timber seldom lasts well, s0 masonry or
concrete is generally used. Masonry requires special
case where crabs are found, as they rapidly cause heavy
leakage For small schemes op high heads even galva-
nized iron troughing has been used, with a comparatively
high slope.

State type of channel probable

State if the ground is favourable or whether special
difficulties will be involved

State if any tunnelling, bridging or syphoning will
apparently be necessary, with such brief parti-
culars as inspection discloses

Approximate length of channel from headworks to
{forebay In most cases it
is unnecessary at this stage to go into details as
to capacity, slope, etc.

Which bank does examination show to be most
favourable for the open channel or canal 2

XI. Forebay —State position of forebay and whether
the site is good. (This may be, but i3 not necessarily,
the means for regulating storage ; but it must be larga
enough to take charge of ordinary fluctuations of load
if the regulating storage is at a distance.) TLere muss
be the possibility of surplussing water not required for
the power house and in some cases of dussipating corsi-

o
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derable energy in the process  In other cases thie is
necessary at the main or a subsidiary reserveir,

XII. Pipe line—Give approximate lencth of pipe
lino from forebay to power station site (alternatives
may be suggested, with head in each case),  Pipe detuls
need not be gone into, but the line should be s <hart
a8 practicable

XIII, Power Louse —Give information as to ares of
site available ; approsimate height above river bed and
above flood leved of ascertamable.

As noted in para III, the gross head <hould usually
be estimated from thus site

Probable location
Area of site approximately
Height above bed level

Ditto flood Jevel
Nature of ground for building

Note that 1n low head mstallations and up te about
300 ft the power houwe can be placed (f nrcewary)
up to 10 to £4 ft above low water level, by the
use of draft tubes. Where the height 13 greater the
turbines can be placed m & pit and connected to the
generators by a long vertical shaft

Will any difficulty occur over the tail race dincharge ¥

X1V. Irngation Considerations —Will development of
the site . any way mterfere with the functions of
existing irrigation works ?

Are there any vested nghts such as privately owned
water courses for irrigation, or to feed mtll wheels, be-
tween the proposed headworks and power station site?

Is the district one in which irmgation exists or 1s
needed ?

1f thie is 50, would the fall 1t 1s proposed to utilize or
develop have to be curtailed 1n order to utilize the tail
waters ? This will generally not be so if the power
station site is at considerable altitude above the neigh-
bouring plains, so that the tail waters would in any
case continue their course in the natural channel: on
the other hand, there are cases where the tail waters
could conveniently be led hereafter directly mto o
canal, where some power head might have to be sacri-
ficed to give command.

XV. Faclities and materials—Will existing roads

(rivers) carry the machinery, ctc., required ?

If 50, by what means ?

If not, what length of road approxsmately will be
required to complete connection ?

Will there be exceptional difficulties in making this
ro0d ?

Are bridges involved %

Are stone, bricks, lime, swtable sand, kankar, etc.,

known to be available in the neighbourhood of the
works
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Ia Taboue avuhibls or would at have to be obtuned
from elsewhnga
XYL Toml patee — 80 ate pates, if hnown, or proliable
rates, for—
Masonty in hme pre cent
Maconey i cement por cent
Canerete o lins pet cont
Conerete in crment per cent
Exewation m earth per thonsal
Excieation i hyed ground pee thouand,
Bhating rack per thonand,
Contour rouds, 1 feet, per 1,000 ¢ fiet,
XVIT Addwonal wformation acquieed during eecons
natsanee

(N T Photegeapha of hoybarka mits, powet atition ata of
any «ter boature nine be ol adbie A ulbchonf the plhinoand bngde
Crdimal st shootlinsanehly s ompiny the mport )

Stynature,
Designation,

Paer B Survey oF Strrd,

When reconnaivance shows that a site is probably
worth developing the duta require to be checked by
actuul survey, on the hnes lawl down in Part I, but
sufhiaiently accurately to enable estimates to be framed
for the eval engineerng works, In the case of canal
falls the survey will already exist, and what is required
1s a detailed report as to the best method of utshzing
the fall or falls with rough estimates of the works
required. In most other cases there will exist at the
best a 4-inch contoured forest map and at the worst an
uncontoured (and practically nseless) old-style 1-inch
map, so that very httle exact knowledge can be obtaired.

1. Longitudinal scction.—In the first place a longi.
tudinal section should be made of the bed of the nver-
between the Iimits that may prove useful.

II. Cross scctions and contoured plan —The next poing
is to determine on which bank the works may best be
placed, and for this purpose, unless the maps give a
clear answer, it is necessary to take cross-sections across
the valley at intervals, extending up to the highest pornt
where there may be works. This will enable a large
scalc contoured plan (8 or 16 mnches to the mile) to be
made, on which the lay-out can be sketched out roughly.
The best site for the headworks, the alignment of the
canal (if any), the position of the forebay and of the
regulating reservoir (uf any), the best alignment for the
pipes and the position of the power station can be
approximately determined on this plan, There will
often be many slternatives to choose from, so that it
will be a case of balancing probable extra cost against
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extra power obtainable on a higher head It may be
noted that 1f the best site for the headworks is consider-
ably above the highest level on which an open channel
appears feasible the extra head can be sacnificed  Untdl
the survey 1s complete 1t 15 obviously impossible to say
exactly what the best lay-out will he

TI1 Site of power house and forcbay and location of

pipe line —A plan and sections on a large seale should
next be prepared of the forebay site , of the regulating
reservorr if near to or combined with the forebay (none
may be needed) , of the pipe hne route, of the power
house site and tail race  From this the best locations
can be defimutelv determined. and the capacity and rough
dimensions of the forebav and regulating reservoir
worked out  Pipe design need not be entered wpon, and
the power house can be left over so long as the plan
shows the area available for 1t The tail race back to
the nearest stream should be dealt with and also the
overflow from the reservorr

IV Suriey of open channel —The route already
determmed on for the open channel (when one 1s m-
volved) from the forebay up to the neighbourhood of
the headworks will next be surveyed, and 1ts nature,
dimenstons and slope determuned according to the flow
to be allowed for  If the regulating reservoir has to be
placed somewhere along this channel, mstead of close
to {or combined with) the forebay, this will mvolve a
break of levels ; t.c., it will be fed at top level and will
discharge at bottom level Silt traps may Lave to be
provided for i the run of the channel, unless clear
water can be counted on and landsltps are improbable,
Tunnelling may be.required, as well as means of erossing
nalas on the route and of allowing overflow at safe points
if the channel gets blocked.

V. Headworls —Similarly the headworks site will be
surveyed (it is assumed to have been definitely located
hefore the channel 1s surveyed) and exanuned with o
view to such a design as will secure the supply in times
of low water and both the supply and security in times
of flood Protective works may be necessary to ensure
this, probably in the form of boulder crates, and this
matter should be examined.

VI. Storage—If storage on a large scale is involved
the dam site and submerged area will be surveyed so
s to determune the dimensions and consequent gapacity
at draw-off level, and the practicability of the site for
construction. The problem of surplussing extra water
must abo be dealt with in the design, by whichever
method appears to suit the conditions best.

(See alo enquiries 1 Part A —VII)

VIL Project estimates —Rough  project estimates
should then be framed of the quantities involved and
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approximate cost, care being taken to indicate very
clearly what 1s included and excluded. It is not
mtended that the estimates should do more than indicate
schether the scheme will prove cheap, moderatcly cheap,
moderately expensive or very cxpensize in terms of rupees
per horse power capable of development. Beyond this
pont the matter can be left over until it is decided to
proceed with the works.

Signature,

Date Designation.
ParT C.—GENERAL RETORT ON SITE.

Such mformation as is available should be summarized
m this form, which is drawn up to be progressive from
the worst to the best sites

1. The site 15 certainly (very probably) useless as
shown by the particulars in Part A-B para. above;
or because the cost of works especially (the )
would be prolbitive ; or

II. It 1s useless to mvestigate the site further until
gavgmgs have shown what the minimum flow and/or
the yield of the catchment will be; Lut if these prove
favourable development under a head of about
feet may be feasible. .

II1. The site appears to be worth further investiga-
tion but 1ts value for power is very mdefinite owing to
lack of knowledge of the mmimum flow and/or yield of
the catchment and for storage possibilities o~ {*]

It is however probable
that the power eapable of development under aThead
of about feet is of the order of :

e p. for the 3-4-5 driest months:
e.h p, for the rest of the year.

IV. The site is worth a preliminary survey as it
appears favourable and can be developed under a head
of about ft.

It is likely to yield power of the order of :
e.k p. for the 3-4-5 driest months:
¢l p. for the rest of the year.

V. Thesite is certainly worth detailed survey. Under
an available head of about ft. 1t
will, if the results of the survey are satisfactory, yield
not less than—

ekp for the 3-4-5 dry months:
eh.p. for the rest of the year,

Sigrature.
Designation.

Date
(24
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58. Aneroid levelling.—Notwithstanding claims
made on behalf of the aneroid barometer for accurate
ievelling it is certainly true of most instraments by the
best makers that, after the necessary carrections have
been made, there remain serious discrepancids ; this is
especiaily the case 1 extremes of climate, whether
the hot weather in India or in the polar regions.

Where levels, based on ancroid readings, have not
been cortected at all, they may be wrong to an unneces-
sary degree unless the corrections happen to balance
out. In the first place 1t must be remembered that the
aneroid, even though calibrated m feet, shows the
pressure of the atmosphere and nof the altituade  Owing
to a depression or to anticyclonic conditions variations
of an inch or more are common enough at different times
of the year, and may oceur 1n a day dunng disturbed
conditions ; this represents from about 900 ft varation
at sea level to 1,100 at hull station altitudes The
actual “ reduced level ” or height above sea level can
therefore only be found (approximately) when a known
altitude or contour Ime 1s mcluded m the readings;
and then not easily in distrubed weather conditions.
Nevertheless the method 1s most useful in hydro-electric
reconnassance, where differences of altitude are required

Clearly the best results can be obtamned when one

instrument 1s left at the starting pomt and read at
intervals, so as to give the actual atmospherie vanations
during the time the rcadings are being taken clsewhere,
From the fixed mnstrument & curve can be constructed
which will give the reading at that station at the tune
other readings are being taken, thus balancing out
diurnal and climatic vanations by simultancous read-
ings, Tlus method however 15 seldom practicable 1n
the field. Even when two mnstruments are available 1t
is generally necessary, and always more convenent, to
take both over the ground and average their reduced
results  For one thing the discrepancies between them
ghve an idea of the probable error.

The Diwurnal variation offers no difficnlty when it is
understood, Lut cases are on record where a correction
has been applied in the wrong manner. Molesworth's
“Pocket Book ™ gives two curves (sce *‘Aneroid
levelling”) showing the mean annual correction for
diurnal variation for Calentta and Stmla respectively,
with factors for correction for latitude and altitude.
The difference 1n these two curves, and the fact that
they are only mean results and that the mean resalts
elcenhere will duffer from either, shows at once that
nnlr«.i the actwal diurnal variation for the period in
quesion 13 known there way easily be considerable
uncertainty.  Infact the actual variation will sometimes
bo half that of the curve or may be masked by other
cbanges. Taling these curves as the basis however it
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will be found that the diurnal variation erosses the zero
line at about 1 hour, G to 7 kours, 13 to 14 hours, and
20hours  Where 2 aneroids are employed their readings
should be kept separate and independently reduced.
To each reading should be added or subtracted the
dwrnal correction in feet from the curve to give the
reduced apparent altitude of the station, Thus if two
readings are taken at different places at 11 | ours and 16
hours some 40 to 50 ft. will be added to the apparent
altitude at the former and the same amount wil be
subtracted from the latter, so as to reduce both readings
to the zero or datum line of the eurve. This may
convert an apparent rso into an actual fall or vice rersi.

Actual mean diurnal variations, at many stations,
for every month, are avalable 1n the Meteorological
Department. The aneroid levelling note book 1ssued by
the Chief Engineer contains these figures for fourteen
well distnibuted stations, with a switable sheet for
recording and reducing observations. In addition to
the dwrnal vanation there 18 a second correction
depending on the temperature (T + t) of the two points
between which the difference of height 18 required  The
table of K, the multiplymg constant, is given in
“ Molesworth ” and m the Note book referred to.
It varies generally between 1-10 1 the cold weather,
1n the plains up to 1 1t in the hot weather.

CisrreR 6.—IHYDRO-ELECTRIC AND STEAM Powen,

39. Census of power in India.—Enquiries were set
on foot at an early stage of this investigation to ascertain
the approximate power installed in various industries
and localities in Indiz. Previously this had only been
done for electric power, where it was found in 1917 that
the total amounted roughly to 215,000 kWs or
say 283,000 electrieal hosse-power, of which 36 per cent.
was obtained from water power* The total nmts
generated amounted to only 550 millions. For demons-
trating the backward state of electrical development the
following comparison with other parts of the Empire
will be of interest. The watts installed per head of
population | are as follows :—

TanLe 4.—Watts per capita tn various countries.

Canada

Watts per capita.
Australasia s

©
South Afnea 57
British Isles . . 33=1
ordinary glow lam
India N T ot o,

If population is a poor criterien, the area per kilowatt
(13 horse power) installed may be taken.

* List of Llcctrical Undertahings m India, 1916-17,
+eA pmjtct"lor providing the Punjab with a cheap supply of

Elctnic Power™, F, L. Milne, AMIEL (Proceeding: b
Punjab Engineenng Congress, 1919.) (Froceedings of the
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TapLE 5.—Area per kilowatt in vartous countrics.

British Isles square milo per Lalowatt

o
South Africa 11

Canada 33 equare Tailes per hilowatt
Indn 6 . . o ow
Australrs . 11

Largely unimhabted

The following figures are available for the power of
all Jands in use in certamn parts of India at present,
they are only approxi and are lot
They were compiled by the Directors of Tudustries or
Controllers of Mumtions for the most part, and it has
been impossible to enter mto full detads here. The
following 1s a summary —

TanLe G.—Summary of known power tn use n Inda.

Bhop
Assam 22,550
Bengal 25,318 exclusivo of Caleutta
area.
Calcatts area . . . 176200
Bibar Lol 2,325 apart from collicnes,

Bombay Presulency
Lombay City ares
Burma

750,000
17,750 exclusive of nice mlls,

Ceatral Provinces .o
Madras . 60,000
North. West Frontier va .

Panjab_ . 0,000
United Pmnnces 38,548

Graxp Torarn . . 1,218,336 or 936,000 kiVa.

490. Mechanical and Electrical Power : explana-
tion of umits,—The British, and practically Interna-
tional, horse-power 13 the power obtamned when energy
is being expended at the rate of 550 foot-pounds a second
or 33,000 foot-pounds a minute. Applied to water
power, 1£ 330 1bs. of water (5-28 cu. ft.) are discharged
per minute under a head of 100 ft. {giving a static
pressute of 433 lbs. per square inch) the energy
expended will be at the rate of 1 horse-power. This,
however, is theoretical, or water horse-power, w.hp.
If a turbine and pipe system having an efficiency of
90 per cent. are employed to utilize this flow and fall,
the mechanical or brake horse-powcer obtained on the
shaft will be 09 b.hp. If this mechanical power is
used to drive an electric generator, thoe efliciency of
conversion being 95 per cent. under the particular
conditions, the electrical horse-power obtained will be
‘9%-95=0855 e h.p. The value of the hore-power in
foot-lbs. per minute is in each case the same, but the
fraction available diminishes. The output of the
generator, 0835 ¢.h p. X 716 gives the exact electrical
equivalent, 14z, 0636 117., as 1 e.h p.=T46 watts or
~746 kWs. To round up the example, if this -636
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of a hilowatt is converted to heat (where the efficiency
is necessarily 100 per cent.) it will give out -636 of 57-3
or 364 British Thermal units per minute, which is equi-
valent to 28,200 foot-lbs. per minute, oub of the 33,000
with which the example started. Thus herse-power is
a rale, not an amount, so “500 hp. per minute” is
meaningless, the fofal amount of electrical power
generated 1 any particular time is expressed in e.h.p.
hours or Adowait-kours. If 500 h.p. (373 kW.) is
exerted for one minute the resultant energy is 500/60
or 833 h.p.-hours or 6-21 kWhs. These elemen-
tary explanations 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 ** nominal horse-power.”  The former
represents the power developed in the cylinders of a
stcam or ol engine, as calculated from the indicator
diagram, and will generally be from 7 to 18 per cent.
hugher 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.h.p. 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 n h p. 2n endeavour
should be made to ascertain the b.h.p. developed by
comparison with other cases. Otherwise the n.hp.
should be multiphed by 3.

41. Further uzes for hydro-electric 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 Handbook 1919 " issued by the
Indian Munitions Board also ments cloze study,
Amonyg these ndustries may be mentioned the electric
smelting of indigenous iron ores and electrical produc-
tion of steel and its alloys ; electric welding, now extens-
wvely employed; the production of aluminmm from
alumina, prepared from the local bauxite deposits ; tke
manufacture of calcinm carbide and its innumerable
derivatives ; the drrect fixation of atmospheric nitrozen
into the nitrates of commerce ; the electrolytic produc-
tion of chlorine gas and the preparation of phosphorus
and of abrasives lihe carborundum. All these proce~ses
are in actua) use in various parts of the world where the
raw materials and the power are found. The maps in
this report have marked on them information regarding
the occurrence of certain of these raw materials. In
some cases the process is electro-chemical, in others
electro-thermal, but 1n all cheap power acd large ecale
production are essential to success. The !oUom.."
extract from the Preliminary Report of the Britich
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Water Power Committee will emphasize what has been
done and what may in future 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, ealcium
carbide, chrominm, cyanide, sihcon, carbo-
rundum, are products rendered commercially
possible only by electrical processes, while
alkahs, hypochlonte, phosphorus, magne-
sium, and sedium mtrate are produced most
economically by such processes. Great
developments have rccently taken place m
the production of electrolytic copper and
zine and in processes for the electric smelting
and refining of metallic ores All these
processes demand relatively large amounts
of emergy. The world’s production of
caleium carbide, for example, was 310,000
tons in 1913, requiring 400,000 contmuous
electric horse-power for 1ts production,
while the encrgy used at the end of 1915 for
electric furnaces in the Umited States alone
was approximately 300,000 electne horse-

ower.

In the utilization of atmospheric nitrogen for the
production of mtre acrd and the manu-
facture of nitrates, great developments have
taken place during the last decade, and 1n
Norway alone over 400,000 electric horse-
power is now absorbed in its production.
The world’s annual eonsumption of mtrogen
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 litherto 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 wortld, the pro-
duction of artificial fertilizers by one or
other system of nitrogen fixation must, in
the near future, become a question of
national importance

At the present time the world’s consumption of
festilizers amounts to close upon 6,000,000
tons per annum, and this will probably be
doubled within the next 20 years. To-day,
the efficieney of the electrical production is
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Tow, amounting in the case of caleittm nitrate
to about three-quarters of a ton per electric
horse-pover year. By adopting the cyana-
mide process the consumption of energy
may be eut down to about one-fourth, but
even in this case the production of the
cquivalent of 12,000,000 tons of fertilizers
per annum would require 4,000,000 conti-
nuous electric horse-power. i
It 15 estimated that the 200,000,000 acres of arable
land m Canada alone may ultimately require
some 10,000,000 tons of nitrates per annum
to maintain their fertility, and this in itself
would necessitate the absorption of an
appreciable portion of the whole hydraulic
energy of the Dominion.
to these demands are added those of India,
Australia and Africa, 1t is evident that the
fertihzer demand of the Empire will in itself.
call for an enormous supply of energy.”

When

Apart from ordmary town supply for electric lighting,
heating and fans and supply to tramways and railways
(especially hill lines) for traction purpeses, there are
many other industries in which electric power would be
welcomed 1f 1t could compete with other forms, and in
any ares where reasonably cheap hydro-electnic develop-
ment is possble within transmisston distance this
successful competition 1s stmply a matter of relative
costs To take one instance, in a comparatively small
ares of the Duars, withm easy reach of water power
(tho Jaldaka q.v.), it is estimated that fuel equivalent
to a working load of about 100,000 horse-power is used
in the tea factories ; partly for the production of power
from steam engines, but mainly for drying purposes
with hot air and fans  Both the motive power and the
hot air can be obtained electrically; it is merely a
question of comparative costs. Other tea districts are
sinularly situated. Again, the cotton mills of Bombay
are now mostly driven by electric motors fed from the
Tata scheme, which have replaced steam engines.
There may, given cheap cnough power, be a similar
opening for jute mills, oil mlls, timber working, sugar
production, paper pulping and other industries. The
two sets of rival conditions that make or mar a hydro-
electric porject will presently be cxamined ; namely,
the competition between fuel and water and that
between the freight on materials and the transmission
of power.

As regards pumping for irrigation purposes, somewhat
wild suggestions have been made under the false impres-
sion that “water power costs nothing.” It is very
unlikely that such pumping will pay on any water rate
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that could be demanded, where the lift is at all great.
Under favourable conditions the overall efficiency from
water to electrical horse-power at the generator terminals
will be about &5 per cent. By way of example let a
gross pumpmg head of 100 {t, from the source of
water to the distributing irrigation channel, be assumed ;
this 15 probably over the economic hmmt, but as the
power taken 1s practically proportional to the bead the
example can be reconstructed for any lower value.
Assume further that 2 cu ft per second (e, 12}
gallons or 125 lbs per second) 1s to be pumped up this
100 ft., absorbing 22 7 theorettcal water horse-power
A modern turbime pump in these crrcumstances will
have an effictency of 75 to 77 per cent and will
requre about 30 b h. p t> drve 1t The electric
motor giving this mechanical power will have an effi-
ciency of about Y0 per cent so that it will take some
33 2 electric horse-power at 1ts termmals  If a trans-
former 1s necessary the input nto 1t from the line will
then be about 31 2 electric horse-power or 26 kW. If
‘the transmusston losses are taken at 10 per cent. the Ime
must be fed at the power station with 281 kiV. If
there 1s no transformer here the generator will supply
this amount of power, and on the overall efficiency
-assumed in this report 1t will use 447 theroretical water
horse-power. Thus the overall cfficiency from water
Jfalling to water raised will be practically 50 per cent.
under the best conditions. The capital charges on the
cost of the motor with its housing, its pump and its
pipes. together with a share of the charges on the
-distribution system and power station, have to be met
from the additional revenue due to the supply given.
If the hit of the pump were 10 ft instead of 100 then
ten tunes the amount of water could be pumped for the
same power, and ten fumes the acreage irrigated. The
propositton would then become more practicable.

Experntmental work m sub-soil pumping by means of
tube wells has for some years been m progress at
Amritsar, Punjab. Sir John Benton, KCIE,, late
Inspector Geperal of Irmgation, took up the matter
with keen imnterest and the work has been 1 the hands
of Captan John Ashford, MIL.C.E. Canal falls abound,
as will be seen elsewhere in this Report, and sub-soil
water is plentiful.

42, Fuel and water power.—It has already been
stated that the commercial possibilities of any hydro-
electric scheme depend on two factors, the capital cost
of the scheme on the one hand and the cost of the com-
peting fuel on the other. Comparing a steam or oil-
driven electrical plant with one water-driven, the latter
is almost invariably much more expensive to construct ;
-and all it saves is the cost of fuel, which is only one
factor in the cost of generating power. Staff and stores,
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office and legal expenses, repairs and depreciation are
incurred in both. Thus while the actual comparison
will be between the price at which electricity can be sold
in both cases the real criterion of success is whether the
capital charges for interest and depreciation on the
czcess cost of the water power undertaking will be
substantially less than the cost of the fuel used by the
other.

It 15 obvious that large capital expenditure is necessary
on the hydraulic development; furthermore as water
power must be developed where it is found a long trans-
mission hne 13 often necessary. For these reasons the
total cost of construction is almost invariably higher
than that of a steam-driven plant of the same capacity ;
and the annual capttal charges for interest and deprecia-
tion are correspondingly higher.

Against this may be set the fact that the running costs
of such a statton are relatively low, as no fuel is involved.
The total cost of running does not depend to any appre-
ciable extent on whether the plant is fully or only lightly
loaded , 1t 15 practically a fixed sum per annum ; so that
the cost per unit 13 practrcally proportional to the total
number of units generated. This is not so with fuel-
consuming stations. Every extra unit generated then
involves the consumption of a definite amount of fuel
with a definite cost ; and while the total cost rises with
the number of units generated and the cogt per unit
falls somewhat, the latter is by no means proportional
to the total units. In any particular case therefore the
practicability of a hydro-electric scheme depends on
the cost of fuel in the locahty where the power i3
wanted.

To take an example, assume s plant of 5,000 kWs.
capacity is required at a certain place where sufficient
water power exists within trapsmission distance.
Assume the total cost of the hydro-electric scheme and
transmission line to be Rs. 50,00,000. Taking interest
and deprecration together at 10 per cent. the annual
cost on this account will be Rs. 5,00,000,

Let the cost of a steam plant of the same capacity,
built where the power is actually needed, be assumed to
be Rs. 15,00,000 with similar annual capital charges of
s, 1,560,000, Now if for simplicity it be assumed that
the annual charges for wages, stores, repairs and super-
vision are the same in both cases (an assumption pear
enough to the truth) there will be the difference between
Rs 5,00,000 and Re 1,50,000 or Rs. 3,750,000 to et off
against the cost of fuel for steam raiving Under the
ideal conditions of large electro-chemical works this
plant, allowing 1,000 kWs to be kept for epare azd
therefore 4,000 for work, would generate about 23
million units (80 per cent. load factor). Under ordinary
industrial conditions the output would be less than balf
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this, or say about 12 million units. Clearly therefore
not only the cost of coal but also the load factor of the
plant (i.e, in non-technical language the ratio of its
actual to its possible output) is of immense importance
(see para. 26). If it is assumed that the low amount of
only 2 Ibs. of Indian coal will be required per unit, with
modern plant of large size, the consuraption would be
23,000 tons for 28 million and 10,700 tons for 12 million
units, As the amount available to make the costs just
balance omt between steam and water power is
Rs. 3,50,000 it follows that with the larger output coal
at Rs. 14 per ton would absorb this amount, while with
the smaller output the figure would be nearly Rs 33.
From this example (in which the figures are not meant
to represent estimates) it will be mferred that as the
Yoad factor rises towards the ideal limit the advantage
of hydro-electric power increases, Bearing in mind the
vast difference i the cost of fuel m different parts of
India, due mamly to railway freight, 1t will also be seen
that the distance from fuel supplies is a very material

2049 FACT
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factor. With coal under Rs. 10 per ton it is doubtful if
water power could ever compete unless (rare combina-
tion) it existed right on the spot and could be developed
exceptionally cheaply. On the other hand, with fuel
at over Rs. 30 a ton, water power would generally prove
cheaper nnd, for a well-sustained industrial load, fnvari-
ably. Between these limits proper estimating would be
necessary.

43. Fuel consump'ion in power house.—Two
curves are now reproduced from the report of the Hydro-
electric Power Commission of Ontario to illustrate
fuel consumption. Fig 21 shows, according to the
capacity of the station, the average number of pounds of
coal used per horse-power hottr, in Ameriea ; the horse-
power hours obtained per 100,000 British Thermal
Units ; and the load factors of the particular plants from
which these curves were derived. Fig. 22 shows
the number of pounds of coal consumed per unit (kilo-
watt hour) according to size of the plant and the load
factor, based alse on American data.
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COST OF FULL IN INDIA.
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44. Cost of Fuel in India.—The cost of fuel is at
present rising rapidly, ¢il even more so than coal ; for
the time being, in India, it is unlikely that even the
superior thermal efficiency of the Diesel engine will
enable it to compete with steam turbine plant of any
gize Leaving oil out of the guestion, therefore, the
cost of ceal is made up of (i} its price at the colliery,
(1i) the freight charges, by land or sea, to its destination,
There has Leen a matked rice in every direction during
the war and since the armistice, and at present little
more than comparative values can be given. Through
the courtesy of the Miming Engincer to the Railway
Board a map was prepared in 1919 to show, on g uniform
basis, the comparative cost of coal in various parts of

India. It is unnecessary to reproduce the map here,
as o tabular statement will gerve equally well. In this
statement “the price of coal has been taken at an
average rather above pre-war rates and shipping rates
are calculated on a pre-war basis.” Taking Bengal
coal as the determining factor the map shows its cost
in the coal filds area as Rs. b per ton, which in fact is
about the actual 1920 price. In the table the numbers
correspond serially to those on the map. The area is
indicated broadly, and includes the surrounding country,
the centre being indicated in brackets; but at any
distance from that centre additional freight may be
involved, while cartage to places off the railway line
may be a potent factor in the cost delivered at site.

TanLE T—~Approzimate price of Coal in India,

Reference 1000 cont
numbur oo Aren Fuel referred to 7 ton oo
. .
map Laly stateld
Ie as
1 Chittagong area Pengal coal b) Ka . . . . 15 0
2 Bengal conl fields and surrounding dw(ncl (4\un<ul) o .| Denzal coal . .. 30
3 Bihor and United hmmm (Sone) P Intto .. - . 90
1 United Provinces {Cawnpore! Intto . . . o4 1m 8
5 Unmted Trovnces and hmnh (Qahamnpur) Intto Lo - o.p B
¢ l’un;ub (Lﬂhon) Intto PN .. 13 e
. . | Punjab enal . . . . 11 o
7 I‘un]ab nnd I\orﬂ\ “ o‘t Pronllcr I‘mrincu (I‘cshavmr) . » | Benzal coal . . . ot 17 0
. o] Pumpbeaal .. PO 103
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Reference 1020 cost
number Area Tuel referred to per ton on
recorded baug stated
on map. —

Ry ar

. Bengal conl . 68

8 P"“l“b (M"I“‘") ‘ R Punjab conl . ., 10

. Bengal coal . 19 0

] n.ﬂuch.mn (Q\\cttn) P o : F

Bengalcoal ., . . . . 7R

0 18nd ‘Q“‘*““" Balnchistan col . . . . 120

Bengal coal by sen . . . . 16 0

n Smd (Mmch‘) . ”» »_ by ml | . . . 180

12 Ramuhmn and Central Tndin (Kotah) 1(: « | Bengal coal * . . . . H g
teal Proviaces (Katm w e N

3 Central Indis and Ccn fal Proviaces (Katm) © Unatiagent . Lt P4

o . Bengal coal . . . . . 10 8

1" Central Trovinces (iaspur) D Umana coll . . . . . s 8

15 Gujerat (Morn} e Bengal coal ., . . . :Q ’(2,
gpur] . . » " . . 0 . . -

16 | Central Provinces (Nag = : Penchcoal . . . . . 78

N Bellarpur coal . . . . . 78

17 Northern chhny (Bombay) . ﬂengal coal by sea . . ., 10

Ditto X - Behaal el by rul . oo :; '§

O engal col D 2

18 Hyderabz\d (Imrsx) Cor Sameaeal .o - we

- Bengal coal . . P 17 0

19 Hydcralm‘l (s.n areni) % e ol oL e

engal coal by sea Lo 13 0

20 I\orﬂ.\cm Madms (Vizagapatam) i< e T 30

. Singarent coal N 12 0

d M Mormagao] Bengal coal by sea - . . 15 0

21 Southern Bombnypn]?m ysore (Mormagao) e o by anl F

Dutto %ngnr;m c;:ag . 12 0

3 . engal coal by aca . . 13 0

22 Southern Madras (Madras) : g At T : 2

Drota X Smgaremicond . . . . . 120

2 Lower Buria (Rangoon) Bengal coal by sea . .. 16 o

21 Fastern Bengal andpouthern Assam (Mymcnsm"h) al coal P G 0

25 Northern Assam (Dibrugarh) . Assam coal P 90

As regards cost, it is cunﬁdently assumed in well-
informed circles that the pnce generally will be
about doubled Ly 1924, It is already (1921) some
Rs. 6 higher. In these matters it is well to look ahead,
for while conl is unqucstmnubl) rising fast machinery
is already dropping in cost and is hkel) to drop further.
It will therefore be possible for hydro-electric power to
compete with steam in the future where it could not do
Fo in the past.

45. Transmission of power and of material.—
The popular fallacy that ** water power costs nothing
has been examined as regards the initial cost of the
plant in a previous paragraph., The cost is generally
further i d by that of t: ission lines, since
water power is seldom situnted precisely where it is
required, Fither the power must be carried to the

, industry or the riw material and finished products
of th= industry must be taken to and from the power.
Both ways cost money.

Where electro-chemical industries on a large scale are
in question it is esential that the price of the power shall

be very low if the manufactured product is to compete
with that produced elsewhere. The cost of power is of
course only one item amongst many in determining the
sale price of the finished article, but it is a very important
item—perhaps second only to the freight of the raw
material to site and the finished product to market.
Where the conditions of the hydraulic development are
such that construction on a large scale is reasonably
cheap ; where the locality is such that the freight of the
plant and materials thereto is low ; and where the length
of transmission to the factory is reascnab]e power can
probably be delivered at sbout one-tenth of an anna
per unit including all charges. Indeed, if the cost is
much Ligher than this, the proposition becomes unten-
able, Obrviously the undertaking must be on a fairly
large scale to be of any use. The larger the indtvidual
units of plant are made the smaller becomes their prime
cost per kilowatt and the higher their efficiency. The
various electro-chemical industries are favourable to
these low costs as they are practically continuous
processes, utilizing the whole plant to almost its utmost
capacity throughout the year,
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In considering the value of sites that may possibly
mect these ideal conditions the first point to consider
is undoubtedly that of freight and carriage ; for 1t has
a triple application.  In the first place the raw material
must be brought to the site, unless already on 1t;
secondly the fimshed product must be taken to its
market , thirdly the plant must be delivered at the
power house Cases are known where the carriage of
plant over 20 miles of mountan roads cost more than
its freight from England to the railway terminus.
Cheap power 1s useless if the saving is swallowed up in
expensive freight Where bulky raw material has to
be brought to the factory and sent back fimshed the
obvious course 1s to bwld an electric railway from the
nearest termnus, seeing that cheap power for working
will be avadlable 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 switable track for the
subsequent railway. Durnng the construction period a
light lhne worked by steam will probably pay as
against other methods of transport of the plant.

From small beginnings electrical transmission of
power has now reached the stage where 1t 1s possible
to have the factory 250 mules or more {rom the power
station, and 1t would be unwise to say that the hmit
of ngh pressure has been reached. In the case of
water power from mountaious country there may be
insuperable difficulties of ground or cost 1n laying out
a railway to the site, though the plant can be transported
there. Even if these difficulties do not exist, 1f the raw
material of the industry is within the limits of trans-
mission it will probably prove cheaper to erect a long

transmussion 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 ssset for trans-
mussion 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 {ollows that by reducing the number
of points of support, by the use of long spnns’, there
are fewer points at which damage from lightning can
occur. The loss in transmission can be made almost as
large or as small as the designer chooses, according to
the size of the wires used ; ordinarily about 10 per cent.
15 allowed. Where steam is used to generate the power

the correct loss can be caleulated 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. I more power is required more generating
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scts can be added indefinitely. With unlimited wators
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 hikely to be all required—and this is geherally 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 eapital 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
bo 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 ; but it may increase
the economic selling price vastly more. It has been
recorded 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,
nccording to distance. These figures would be greatly
improved on under medern conditions, at any rate with
pre-war prices, but they serve as an indication that
water power does not *“ cost nothing,”

CrmarTER 7.—DIISCELLANEOUS TECHNICAL MATTERS.

46. Technical progress in plant.—During the year
the problem of designing a turbine with a “ specific
speed *” igher than that of the Pelton jet impulse wheel
and lower than that of the Francis reaction turbine
has received much attention. Two new types, the
Nagler and the Kaplan turbines,* have been described
in the technical press, both having the desired charac-
tenstics coupled with high efficiency. The importance
of a high specific speed is greatest onlow and variable
heads, as it connotes a high actual speed also and enables
the wheels to be direct-coupled to generators without
the latter becoming unduly large and costly. American
tenders for vertical wheels to work on a head of 11 ft.
showed speeds nearly double those of British tenders.
In the matter of comparatively low-powered turbines
for low or medium falls an interesting new development
is the Banki impulse turbine;} in this modified form
of Poncelet wheel the water passes at its jet veloaity
through the horizontal vanes from the flume at the Lack
to the centre of the wheel ; and then still retaining sorze

® Electrical iceien, Apn) 1020, . €€, and Z0th Acgat |
Feicnco Abstracts, Vol 23, p lH;azllen?,
+ Mesurs, Bosing and (o.'s pampllta
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£0 per cent. of its velocity, it again passes through the
vanes from the centre to the front, strilang the vanes in
the reverse direction, so as to give up a further instal
ment of its power.

In the regulation of Pelton wheels a new departure
is marked by the Seewer governing system,* in conjunc-
tion with the ncedle and nozzle. Instead of deflecting
the nozzle or diverting the Jet externally, when power
is taken off, this system causes the jet itself to expand
into » rotating cone from the nozzle, so that the water
cither misses the buckets or strikes them in the back.
This is effected by guides between the needle and the
nozzle pipe, which are instantancously rotated through
n variable angle by the governor when load s thrown
off, the needle meanw hile closing gradually and restoring
the normal circular jet. The power required to operate
the gear is claimed to be considerably less than that
needed for other types of regulator ; and a single size
of governor can be utilized on widely different sizes of
machine,

In the matter of automatic governors of the o1l pressure
type, operating a servo-motor with automatic compen-
sation, the Piccard-Pictet governor t has recently
been improved , and a hydrauhe relef valve for pre-
venting water hammer has been put on the market
in conjunction with the governor

On the electrical side, gencrator capacities are stall
rising ; steam turbine combined sets of 60,000 kW. at
1,000 R. P. M. have been butlt and swater turbine sets
of about the same output can be manufactured The
Iydro-Llectric Power Commussion of Canada now
las five turbines of 05,000 pp. each, giving some
40,000 kW, In nunor apparatus it is worthy of note
that mercury v apour rectifiers with capacities of several
Liundred Lilowatts have been bwilt by Messrs. Brown
Boveri and Company and Messrs lartman and Brown.
The importance of this development to hydro-electric
work is clear, for all such works will necessarily gencrate
slternating  current; for certain purposes however
continuous current is required, and if this can be ob-
tained without the use of rotary-converter sub-stations

it will be & great gain. The electric fan alone is the
main eawse of prosperity to existing electric supply
companies in the plams of Indua, and the C, C. fan at
present is greatly preferred to the A, C. fan ; it is probable
that small electroly tic rectifiers will presently be used
for giving individual conswmers C. O. for their fans.
The A. C. fan i3 sowembat less advantageous to the
cansumer in the matter of efficiency while it costs more
to instal; from the supply company’s poiat of view the

* Suenw Alatnits, Vol 23, Bant 3, p, 1225
E i e a1t 3, p. 122; and crculars of the

1 Aawra Viskota Lloated
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low power factor of the single phase fan is a very serious
disadvantage.

47. Standardization.—In closely related spheres
two bodies have been at work for many years on the
question of standardization, namely the International
Electro-technical Commission and the British Engineer-
mg Standards Association. Both bodies have invited
the co-operation of the Government of Indiay; and the
matter has been taken up, at the request of Government,
by the Institution of Engineers (India). Meantime a
practical advance in the desired direction has been
made. The drawing up of the Sutlej River hydro-
electric project, as noted upon elsewhere in this Report,
has opened up great possbilities of cheap power for
industrial and general development i the Punjab;
and that Government at once realized the necessity
of standardization so that the various connected projects
could m the future be linked up  This possibulity de-
pends primarily on the Bntish standard frequency
of 50 cycles per second being adopted in all alternating
current stations, and therefore 1 all hydro-clectric
plants. Should the usual American frequency of 60
cycles be used hnking ap would only be possible through
frequency changers, and not satwsfactonly then.

From the manufacturer’s pomnt of view, and therefore
from the consumer’s also, the standardization of pres-
sures and of apparatus 1s also mmportant. The ‘conelu-
sions set forth by the Committee, appointed to examine
the question 1 the Punjab, are therefore reprinted
here, with the suggestion {already made m correspon-
dence) that stmdar resolutions would be of equal ad-
vantage to the rest of India.

Minutes of a mecting held at Simla on June the Oth, 1921
to discuss the question of standardizing the nature of
Eleciric Supply <n the Punjab.

In view of the probable devclopment of by dro electric projects
in the Punjwb, an the near future, and the prevent demand
for public clectric supply installations in sexeral towns in the
Province, 1t was conuidered advisable, by the Local Government,
to form a Commuttes to discuss the advisability of standardiing,
a3 far as posstble, the nature of eleetric supply that should be
adopted in new mstallations,

The advantages and dwsdvantages of alternating and conti-
nuous current for distnbution were first discussed and it was
unanmously resolved :—

Furstly —That in view of the prospects of hydro-electric
supply 1n the Punjab and the fact that tho industrial
load can, 1 most cases, only be dealt with by alter-
nating current istribution ; 1t 13 recommended that
the Government of the Punjab shall ususlly favour
elternating current systems, in preferenco to conti-
nuous cursent, except 1 special casea (such as resis
dential arcas) when there may bo good reason to
prefs continuous current. .
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The above resolution was arnived at after very careful consi-
deration of the vanous uses to which electricity 18 and can be
applied. It was decaded that the supply of cheap electric encrgy
m the Province depended, to a very great extent, on the adop-
tion of alternating current distribution in localities where an
mdustrial load esisted or was llely to develop

While fully recozniang the disadvantages of the alternating
current fan m comparison with the contmuous current fan, tho
Commuttee arreed that 1t would be madvisable to sacnifice
the economic development of the Provinee for the sake of benefit-
g a particular type of load that represented but a very small
proportion of the total demand for electrical energy 1 the Pro-
vinee, The decision of the Commuttee m the matter was also
greatly nfluenced by the obvious technical advantages to Le
gained by the use of alternators, now wnstalled, as synchronous
condensers at a later date, when fuel driven mstallations tahe
rower m bulk from hydro-electric plants.

It was ponted out that, so far as private consumers are
concerned, continuous current distribution can, if necessary,
be obtaited from rotary converters, also that 1t 13 probablo
that imdividual continuous current fan loads may presently
be worked by means of electrolytic rectifiers

The Commuttee next considered the questron of standardiz-
ation of pressures and frequencies and were influenced in arriv-

g at a decision in the matter by the obvious advantages
which standardization and umiformuty offer to electrical manu-
facturers and traders and also to mdustnalists generally 1n faci-
ltating the purchase, interchange and disposal of electrical plant,

In this connection the Committee resolved.—

Secondly.—That this Commuttec recommends to the Govern-
ment of the Punjab that the Britsh Engmeerng
Stand: A 1at) standard £ of 50
cycles, with ther secondary standard frequency
of 25 cycles for special cases (e g.» electric traction)
should be adopted m all alternating current schemes
in the Punjab

Tlurdly.~That the Britsh Engincenng Standards  Asso-
cuation btandard pressures should be adopted on all
electric supply schemes i the Punjeb. These pres-
sures are as follows —

Standard low pressures (C, C. or A, C)—

(1) At the Generator'—115, 230, 460 and {for clectise traction)
525, volts.
() At Copsumers’ termunals :—110,
clectric traction) 500, volts.
also, a Secondsry Standard, in three phase earcmts,
of 400 volts Letw cen phases, giving 230 volts between
any phase and neutral.*
() Stand trd High pressures (A C).
At Generator termunals .. , 3,800, 6,600, 11,000
{(v) Standard promary prossures for A, €. transformers
—2,000, 3,000,

220, 440 and (for

(v) Standard sccondary pressures for A, C. transformers.—
Measured at the secondary termmnals :—115, 230, 460
{and 525), at no load.
(v1) Standard C. C. pressure for tramways :—Measured at
motor, 500 volts,
To meet speeial cases of low pressure distribution in bazaars,
1t 13 sugzgested that 55 (or 75) volts should also Le adopted 1n

* Notr,—Tho B I S, A adopted 350 and 220 volts for this Latter,
but the Commitico prefer tho Lgures given,
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India where a lower pressure than 110 18 desirable for safety.
(These pressures bemg, approximately } and 3 of 220 volts.)
For transmussion lines, pressures above 11,000 volts would
generally be adopted, but theso need not be standardised at
present. .
It was also resolved —

Fourthly.—That, m the opmon of this meeting, it is de-
smable that 1n all electrical projects i the Punjab,
the standards lad down from time to time by tho
Bntish Engueering Standards Association, for plant
and apphances, and for rating and cognate matters,
should be adopted, as far as practicable

48, Tea firing and making electrically.—Sooner
or later there can be no question that the drying
(techrically called “ firing”) of tea will be carried out
electnically wherever cheap water power is available;
and the various mechanical processes will simiarly be
converted. The projects for harnessmg the Ne Chu
and Jaldaka nivers in Bengal (q.v.) owe thetr inception
to this possibility. The present writer investigated
the question in connection with the Laxzapana-Aberdecn
hydro-electric project in Ceylon, and some extracts
from s report will be of interest here. Of the total
fuel now used about 40 per cent 1s required for mecha-
nical power and 60 per cent. for drying the leaf. In
Ceylon liqud fuel 15 used.

“ For power purposes liquid fuel costs from 1} to

21 cents per 1b. of tea made, and 2 cents
will be a good average. Taking the price
as 5O cents a gallon this represents 032
pmts per Ib. of tea. A Hovnsby type oil
engine of 20 to 50 b. h. p will consume
about 1 pint (or a little less) per b. h. p.
hour (brake-horse-power-hour), so the above
consumption of 032 pints will represent
one third of a b. h. p hour at the engine
pulley per pound of tea, costing 2 cents.
Now to produce this same amount of mecha-
nical power on the puiley of a corresponding
electric motor, after allowing for losses in
transformation and in the motor itself,
will require less than 029 of a B. O. T. unit.
Tf, therefore, the price charged for a unit is
3 cents (a figure 50 per cent. higher than is
forecasted as the cost price elsewhere in
this Report) the total cost of power will be
under 1 cent instead of from 13 to 2} cents
per pound. The margin in the case of me-
chanical power is therefore from Rs. 1,000
to Rs. 3,000 on & garden turning out 200,000
1bs, and in this proportion all along the lLae.
The cost (to be deducted from thi> saving)
on account of interest and other charges on
the motor and transfurmer, ete., would be a
long way below the smallest of these figures.”
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20 per cent. of its velocity, it again passes through the
vanes from the centre to the front, striking the vanes in
the reverse direction, 5o as to give up a further instal-
ment of its power.

In the regulation of Pelton wheels » new departure
is marked by the Seewer governing system,* in conjunc-
tion with the ncedle and nozzle. Instead of deflecting
the nozzle or diverting the jet externally, when power
is taken off, this system causes the jet itsclf to expand
into a rotating cone from the nozzle, so that the water
cither misses the buckets or strikes them in the back.
This is effected by guides between the necdle and the
nozzle pipe, which are instantancously rotated through
a variable angle by the governor when load is thrown
off, the needle meanwhile closing gradually and restoning
the normal circular jet. The power required to operate
the gear is claimed to be considerably less than that
needed for other types of regulator ; and a single size
of governor can be utilized on widely different sizes of
machine.

In the matter of automatic governors of the oil pressure
type, operating a servo-motor with automatie compen-
sation, the Piccard-Pictet govermor t has recently
been improved ; and a hydraulic relief valve for pre-
venting water hammer has been put on the market
n conjunction with the governor

On the electrical side, generator capacities are still
rising ; steam turbine combined sets of 60,000 kW. at
1,000 R. P. M. have been built and water turbine sets
of about the same output can be manufactured The
1lydro-Dlectric Power Commssion of Canada now
hns five turbines of 55,000 pp. each, gwing some
40,000 kW. In minor apparatus it is worthy of note
that mereury vapour rectifiers with capacities of several
hundred Lilowatts have been built by Messrs. Brown
Boveri and Company and Messrs }Hartman and Brown.
Tho importance of this development to hydro-electric
work is clear, for all such works will necessanily generate
alternating current; for certam purposes however
continuous current is required, and if this can be ob-
taned without the use of rotary-converter sub-stations
it will bo & great gain. Tle electric fan alone is the
main c3use of prosperity to existing electric supply
companies in the plains of India, and the C. C. fan at
presentisgreatly preferred to the A, C. fau ; it is probable
that small electralytic rectifiers will presently be used
for giving indwvidual consumers C. C. for their fans.
The . 0. fan is sowembat less advantageous to the
consutaer in the matter of efficiency while 1t costs more

to instal ; from the supply company’s point of view the

e Meeraaty, Vol 23, 1
Englak Lixtns Co, Purtdope L
1 Mars VaXers Lizated,
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Tow power factor of the single phase fan is a very serions
disadvantage.

47. Standardization.—~In closely related npheres
two bodies have been at work for many years on the
question of standardization, namely the Internationnl
Electro-technical Commission and the British Engineer-
g Standards Association. Both bodies have invited
the co-operation of the Government of Indias; and the
matter has been taken up, at the request of Government,
by the Institution of Enginecrs (India). Meantime s
practical advance in the desired direction has been
made. The drawing up of the Sutlej River hydro-
electric project, as noted upon clsewhere in this Report,
has opened up great possibnlities of cheap power for
industmial and general development in the Punjab;
and that Government at once reahized the nccessity
of standardization so that the various connected projects
could in the future be linked up. This possibility de-
pends primanly on the British standard frequency
of 50 cycles per second being adopted in all alternating
current stations, and therefore in all hydro-clectric
plants. Should the usual Amerstcan frequency of 60
cycles be used hinkmg up would only be possible through
irequency changers, and not satisfactorily then.

From the mannfacturer’s pownt of view, and therefore
from the consumer’s also, the standardization of pres-
sures and of apparatus 13 also important. The 'conclu-
stons set forth by the Committee, appointed to examine
the questron mn the Punjab, are therefore reprinted
here, with the suggestion (already made i correspon-
denee) that simular resolutions would be of equal ad-
vantage to the rest of India.

DMinutes of a mecting held at Simla on June the 9th, 1921
to discuss the question of standardizing the nature of
Electric Supply in the Punjab

In view of the probable development of by dro-electric projeets
in the Punjab, i the near future, and the present demand
for publio electric supply 1nstallations win seveizl towns in the
Province, 1t was consdcred 2dvisable, by the Local Government,
to form a Comnuttee to discuss the advisability of standardizing,
as far 83 posaible, the nature of clectric supply that should be
adopted 1n new installations.

The advantazes and deadvantages of alternating and contis
nuous current for distribution wero first discussed and it was
wnanmously resolved :—

Furstly~That 1 view of the prospects ol hydro-electric
supply 1n the Punjab and the fact that the industrial
load can, 1n most cases, only e dealt with by alter-
nating current dwtnbution ; 1t 13 recommended that
the Covernment of the Punjab shall usually favour
alternatz current systems, in preference to contis
nuous current, except in special casey {such as resi
dential arcas) when there may be good reason to
peces contmuous current. .
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The above resolution was arnved at after very careful consi-
deration of the various uges to which clectrieity is and can bo
apphed, It wasdecided that the supply of cheap electric encrgy
1 the Province depended, to a very great estent, on the adop-
tion of alternating current distnibution in localities where an
industrial load eusted or was lkely to develop.

TWhile fully recogniang the disadvantages of the alternatmg
current fan m companson with the continuocus current fan, the
Commuttee agreed that 1t would Le inadvisable to sacrifice
the economic development of the Province for the sake of benefit-
g a particular type of load that represented but a very small
proportson of the total demand for electrical energy in the Pro-
vince. The decision of the Commuttee m the matter was also
greatly 1nfluenced by the obvious teclintcal advantages to Le
gained by the use of alternators, now installed, as synchronous
conden<crs at a later date, when fuel driven mstallations take
power 1 bulk from hydro-electric plants.

It was ponted out that, so far as private consumers are
concerned, continuous current distrbution can, 1f necessary,
Le obtamned from rotary comverters, mlso that 1t 18 probable
that ndividual continuous current fan loads may presently
be worked by means of electrolytic rectifiers

The Comnuttee next considered the question of standardiz-
ation of press and freq and were 1nfl d i armv-
mg at a deewsion n the matter by the obvious advantages
which standardizetion and uniformity offer to electrical manu-
facturers and traders and also to 1ndustnalists gencrally 1n facr-
tating the purchase, interchanze and disposal of electrical plant.

In this connection the Commuttce resolved -—

Secondly —That thus Comnuttee recommends to the Govern.
ment of the Punjab that the Brtwh Engineering

A standard  frequency of 50
cycles, with their secondary standard frequency
of 23 cycles for special cases (e.g ) electric traction)
should be adopted i all alternating current schemes
in the Punjab.

Thirdly —That the British Lngncenng Standards  Asso-
clation Standard pressures should bLe adopted on all
electric sapply schemes 1n the Punjab, These pres-
sures are as follows —

Standard low pressures (C, C. or A, C)—

(1) At the Generator—115, 230, 460 and (for clectrie traction)
525, volts

{u) At Consumers’ terminals :=—]10,
electric traction) 500, volts,

abo, a Secondary Standard, i thiec phase crcuits,
of 400 volts between phases, giving 230 yolts between
any phase and ncutral *

() Standard High pressures {3.C),

At Generator termunals - —2,200, 3,300, 6,600, 11,000,

[(v) Standand pronary pressures for J. €. tramsformers

{measured at primary tcrmmals) :—2,000, 3,000,
6,000, 10,000,

(v) Standard srcondary pressurcs for d. C. tran+formers—
Measured at the sccondary termunals :—1135, 230, 460
(and 523), at no lead.

(V1) Standanl C. C, pressure for tramuways :—Masured at
motor, 500 volts

To meet special eases of Jow pressure distnibution in Lacaars,

1 13 suzgested that 65 (or 75) volts should alo be adopted in

220, 440 and (for

* Notr —Tho B .8 A, adopted 350 and 220 yolts for thus lattcr,
but tho Comnutteo prefer the figures gnen,
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India where a lower pressurc than 110 15 desirablo for safety.
{Theso pressures being, approximately 3 and } of 220 volts )

For transmussion lmes, pressures above 11,000 volts woull
generally be adopted, but these need oot he standardised at
present. .

It was also resolved —

Fourthly —That, n the opunon of this mecting, 1t is de-
sirable that m all electrical projects m the Punjab,
the standards laid down from time to time by the
Butish Engucering Standards Association, for plant
and appliances, and for rating and cognatc matters,
should be adopted, as far as practicable.

48, Tea firing and making electrically.—Sooner
or later there can be no question that the drying
(technically called * firing”) of tea will be carried out
electrically wherever cheap water power is avaiable;
and the various mechanical processes will similarly be
converted. The projects for harnessing the Ne Chu
and Jaldaka rivers in Bengal (q.v.) owe their inception
to this possibility. The present writer investigated
the question in connection with the Lasapana-Aberdeen
hydro-electric project in Ceylon, and some extracts
from hus teport will be of interest here. Of the total
fuel now used about 40 per cent. is required for mecha-
mical power and 60 per cent. for drying the leaf. In
Ceylon liquid fuel 1s used.

“ For power purposes liquid fuel costs from 1} to
21 cents per lb. of tea made, and 2 cents
will be a good average. Takmng the price
as B0 cents a gallon this represents 032
pmts per Ib of tea. A Hosnsby type oil
engine of 20 to 50 b. h. p. will consume
about 1 pint (or » little less) per b h. p.
hour (brake-horse-power-hour), so the above
consumption of 032 pints will represent
one-third of 2 b. b. p. hour at the engine
pulley per pound of tes, costing 2 cents.
Now to produce this same amount of mecha-
nical power on the pulley of a corresponding
electric motor, after allowing for losses mn
transformation and in the motor itself,
will require less than 0 29 of a B. O. T. unit.
1, therefore, the price charged for a unit is
3 cents (a figure 50 per cent. higher than is
forecasted as the cost price elsewhere in
this Report) the total cost of power will be
under 1 cent instead of from 11 to 2} cents
per pound. The margin in the case of me-
chanical power is therefore from Rs. 1,000
to Rs. 3,000 on & garden turning out 200,000
1bs. and in this proportion all along the lLae.
The cost (to be deducted from this saving)
on sccount of intere-t and other charges on
the motor and transformer, ete., would bea
long way below the smallest of these Fgures.”
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This saving on mechanical power is in itself substantial
compared with the factory cost of tea, but the drying,
as foreseen by the Industries Commission of Ceylon, iz
the key to the situation. On this point the Report
proceeds as follows : the assumed cost of fucl can be
converted into terms of wood or coal when calorific
value is taken into account:—

“This matter is not one involving any doubts on
the score of technical difficulties ; it is purely
and simply & question of the relative prices
of heating by fuel and electrcity. Many
thousands of horse power are already used
in various industries for heating and drymg
purposes, and the matter 1s susceptible of
faitly cxact calowlation Taling the oil
fuel used for drying purposes in the ratio of
GO to 40 compared with that used for power
{which ratio is based on actuals for some 90
million 1bs. of tea m the Duars district
of Bengal confirmed by Ceylon expenence),
the cost will be from 2} to 3} cents per pound
of made tea. Costs as low as 1} cents havo
Lowever been shown to me. Possibly these
mmcluded some wood fuel, or were exceptional
for some specal reason For puiposes
of comparison a cost of 275 cents per Ib.
of ten may be taken. Tlus ropresents
(at 50 cents a gallon) 0 44 pints of a1l fuel per
pound of tea. The ol is burned and used
to heat air which 1s passed through the leaf
Ly means of a fan or blower, dnven from
1he main engme.  Now the calonfie value of
fuel oil may be taken as averaging 19,000
B. Th. U. (British Thermal Umts) per Ib.
or eay 13,000 B. Th. U. per pmt.
The consumption of 044 pints 15 thereforo
equivalent to the production of 5,750
B, Th. U. This heat will not all reach
the tea, as there are radiation losses to
be met and a considerable proportion of
the heat will pass away up the flue; but
the same will happen (though to o less
extent) with electrical heating.

“Here an interesting companson may be made
with the fuel consumption in the Bengal
Duars. A careful test was made on a large
sized E. U. P, dryer using Assam coal.
A 35-inch Sirocoo fan (capable of displacing
25,000 cu. {t. per minute running  free
at 310 revolutions) forced 10,610 cu. ft
per minute through the machine with 3"
tpread of leaf. The temperature was 110°
st inlet and 220° in the machine, The

machine dried 1,800 Ibs. of leaf to 800 lbs.
of 80 per cent. dry tea, and used 290 Its.
of Assam conl. The exact calorific value
of this coal is not available, but will be about
9000 B. Th. U. per pound. The heat used
was thercfore about 32,300 B. Th. U.
per lb. of tea made as against 5,750 .
assumed for Ceylon. The higher factory
temperature only accounts for a small pro-
portion of the difference.

“Under large scalo factory conditions (drying

cordite) electrical drying is found to have an
efficiency of 74 per cent. to 78 per cent.
Converting the heat used for tea drying into
electrical terrinology, 3,410 B. Th. U.=1
kWh. or electrical unit. This gives—

Ceylon, 5,750 B. Th. U.=167 units per
Ib. of made tea

Duars, 3,000 B. Th, U.=0 87 units per b
of made tea.

“ Accepting the higher figure, the clectric energy

would have to be sold at about 1'5 cents
per unit toshow asaving of about 10 per cent.
With the rapid exhaustion of wood supplies
and the nsing price of ol the saving to the
Planter will be a nsing one. A further point,
as yet unproved, 13 that of gualiy. By
means of thermostats the temperature re-
gulation can be mawntained with exactitude
at any desited value. What the effect of
thus will be cannot be forecasted, but it can
hardly fal to effect an improvement.
Furthermore, there can be no possibility
of spoiling a batch of tea oning to a leaky
{lue, as there will be no flue to leak and no
smoke to smell.”

A correction has been made in the above extract
as to the calorific value of Assam coal. Coming now
to the power required, the following may be quoted :—

* 8o far the consumption 1n units has been in ques-

tion. It now remains to ascertain the horse-
power required  Although the fuel used for
drying is only half as much again as that
for power its equivalent in plant installation
is much greater—for the thermal efliciency
of the oil engine is vety low compared with
that of electrical heating.

“ At the rick of being tedious the direct metlod

of ascertaining the power required for heat-
ing air will now be shown. At the average
level of the tea gardens 1,000 cu. ft of
air will weigh abous 65 Ibs. while its
specific Lieat is in round figures 0 24, There-
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fore to rase this quantity 1° Fahr. requires
65%024 or 156G B Th Umts, equivalent
to 16 watthours mearly On tests an
efficeney of 71 to 78 per cent 14 cbtained,
brinmng the power required up to (s13) 6
watt-hours per 1000 cu ft heated 1° F
“Tor practical conditions assume an outturn of
100 Ibs of made tea per hour's use of the
drver , for any other output the figures will
be proportional  From the Duars test
referred m the preceding paragraph this
will requre about 1330 cu ft of hot
arr per minute  If the rice of temperature
requred 15 120 F this will require 6x1o%
»>120 = 96 watt-hours per minute or
practically GO umts an hour, which 18 a rate
of G0 :Ws The fan power is of course
extra and is already ncluded under motive
power
“ Here an interesting eide light is thrown on the
efliciency of present methods Taking both
the Ceylon and Duars figures worked out from
frel consumption on the basis of 100 lbs
of tea made per hour we have :—
Ceylon, 100 Ibs. using
167 units per Ib =167 units per hour;
=167 kWs.;
Duars, 100 lbs. (80 T

per cent.  dry)
usmg 087 units
per 1b. . =8Tumts per hour;
=87 \Ws ;
as compared with 60 kWs estimated

from actual tests with electrical drying.
Tt therefore appears clear that about 3 times
as many heat units are at present wasted as
are utilized ; but until clectrical tea dryers
have been sctually used under eervice condi-
tions it cannot be defirtely stated that their
efficiency will be as high as is"assumed from
other industries.”

It may be added that Mr.Allan of the Geveral Electric
Co., in connection with the Duars project, which is
that for Dlessrs. Octavius Steel & Co.’s gardens refer-
red to alove, believes that GO units per 100 Ibs, of tea
will prove a conservative figure; if so, the economy
will be even greater than that assumed in the Ceylon
report. ‘

Ciarrer 8—Tur CoxrroL oF WATER Powen.

49. The question of State Control and Assistance.
~—The Water Power Committee of the Conjoint
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Board of Scientific Societies, London, has expressed
its preference for State control of hydro-electric
developments in the following escerpt :—

“ The considerations already outlined would indi-
cate that the conservation and utilization of
the water power resources of the Empire is *
Tikely to be one of the most important prob-
lems in our political economy. The solution
of tlis problem involves many complex
questions of law, of adinistration, and of

i and investigation, if
the public interest is to be best served by
the development. In view of the immensity
of the interests involved, it is urged that
nothing short of statutory control of these
developments is desirable.  The exact
method of control is not for the Committee
to suggest. So far as is possible private
enterprise should be encouraged, but under
conditions which would prevent the perpe-
tual rights being lost to the community.

“It should be recognized, however, that while
it ig essential that the State should have
the right of ultimate purchase, the period
of such purchase should not be unduly
short or the terms too onerous. It will
be remembered that such legislation had
the effect of severely handicapping the
electric power and lighting industry in the
early days of its development.”

During the course of the preliminary enquiry the
question of the poliey to be adopted was discussed on
various accasions with public officers, firms and indi-
vidual engineers, A policy suitable for one part of
India may be the reverse elsewhere.

The subject of water storage and water power, al-
though in the category of *‘ Reserved Subjects,” has
now become purely a provincial matter. Government
assistance is required, where a grant of theright to deve-
lop water power is given, in such matters as land
acquisition, water rights, trapsmission of power routes
and so forth.

At present there is a vicious circle of industries that
require power and powner looking for an assured ontlet ;
and neither side is inclined to make a move unless certaip
of the co-operation of the other. An example already
exists of established water power going a-bezging,
within trapsmission reach of a considerable demard,
and whatever the reasons may have been that led to this
fmpasse it has undoubtedly had a deterrent effect oa
similar enterprise elsewhere. There may be cases
where the carrying out of a project by Government may
be advisable, if investigaticn proves thst the indirect

14 in
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This saving on mechanical power is in itself substantial
compared with the factory cost of tea, but the drying,
as foreseen by the Industries Commission of Ceylon, is
the key to the situation. On this point the Report
proceeds as follows : the assumed cost of fuel can be
converted into terms of wood or coal when calorific
value is taken into account:—

“ This matter is not one involving any doubts on

the score of technical difficulties ; it is purely
and simply a question of the relative prices
of heating by fuel and electricity Many
thousands of horse power are already used
in various industries for heating and drying
purposes, and the matter 1s susceptible of
fairly exact calculation Takmg the oil
fuel used for drying purposes in the ratio of
60 to 40 compared with that used for power
{which ratio 13 based on actuals for some 90
million Ibs. of tea m the Duars district
of Bengal confirmed by Ceylon expenence),
the cost will be from 2} to 33 cents per pound
of made tea. Costs as low as 1} cents have
however been shown to me. DPossibly these
cluded some wood fuel or were exceptional
for some special reason For puiposes
of comparison a cost of 275 cents per Ib.
of tean may be taken This represents
(at 550 cents a gallon) O 14 pnts of o1l fuel per
pound of tea  The ol 13 burned and used
to heat air which 18 passed through the leaf
by means of a fan or blower, dniven from
the mam engine  Now the calonitic value of
fucl ol may e taken as averaging 19,000
B. Th. U. (British Thermal Units) per b,
or say 13,000 B. Th, U. per pmt.
The consumption of 044 pints 13 therefore
cquivalent to the production of 5,750
B. Th, U. This heat will not all reach
the tea, as there are radiation losses to
be met and a considerable proportion of
the heat will pass away up the flue; but
the same will happen (though to a less
extent) with electrical heating.

“Here an interesting comparson may be made

with the fuel consumption in the Bengal
Duars. A careful test was made on a large
sized L. U. P. dryer using Amam coal.
A 33-inch Sirocoo fan (capable of displacing
25,000 cu. {t. per minute running free
at 310 revolutions) forced 10,610 cu. ft
per minuto through the machire with Iy
spread of leaf. The temperature was 1107
st inlet snd 220° in the mackine, The
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machine dried 1,800 Ibs. of leaf to 800 lbs.
of 80 per cent. dry tea, and used 200 s,
of Assam coal. The exact calorific value
of this coal is not available, but will be about
9000 B. Th U. per pound. The heat used
was therefore about 3,300 B. Th. U.
per lb. of tea made as against 5,750
assumed for Ceylon. The higher factory
temperature only accounts for a small pro-
portion of the difference.

“Under large scale factory conditions (drying

cordite) electrical drying is found to have an
efficiency of 74 per cent to 78 per cent.
Converting the heat used for tea drying inte
electrical terminology, 3,440 B. Th, U.=1
kWh. or electncal umt. This gives—

Ceylon, 5,750 B. Th U.=1-67 units per
Ib of made tea

Duars, 3,000 B, Th. U,=0 87 units per Ib.
of made tea.

“ Accepting the higher figure, the clectric energy

would have to be sold at about 15 cents
per unit toshow asaving of about 10 per cent.
With the rapid eshaustion of wood supplies
and the rising price of oil the saving to the
Planter will be a nsing one. A further point,
28 yet unproved, 1s that of guality. By
means of thermostats the temperature re-
gulation can be maintamed with exactitude
at any desired value What the effect of
this will be cannot be forecasted, but it can
hardly fail to effect an improvement

Turthermore, thero can be no possibility
of spoiling a batch of tea owing to a leaky
{lue, as there will be no flue to leak and no
smoke to smell.”

A correction has been made in the above extract
as to the calorific value of Assam coal. Coming now
to the power required, the following may be quoted :—

* So far the consumption in units has been in ques-

tion. It now remains to ascertain the horse-
power required.  Although the fuel used for
drying is only half as much again as that
for power its equivalent in plant installation
is much greater—for the thermal efficiency
of the oil engine is very low compared with
that of electrical heating.

“ At the rizk of being tedious the direct method

of ascertaining the power required for heat-
ing aie will now be shown. At the average
level of the tes gardens 1,000 cu. ft. of
air Wil weigh about 65 lbs. while its
epecific keat i3 in round figures 0 24, There-
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fore to raice this quantity 1° Fahr. reguires
6309 or 156 B Th Units, equivalent
to 16 watt-hours nearly On tests an
effirieney of 74 to 78 per cent 18 obtained,
brinzing the power Tequired up to (s13) ]
watt-hours per 1000 en ft heated 1° F

“ For practical conditions assume ap outturn of
100 Ihe of made tea per hour's use of the
drver , for anv other output the figures will
he proportional From the Duars test
referred m the preceding paragraph this
will requre about 1.330 cu ft of hot
arr per minute  1f the nise of temperature
rqured s 120 F this wll requre 6X150
> 120 = 06 watt-hours per minute or
practically 60 umits an hour, which is & rate
of 60 kWs The fan power is of course
extra and 1s already mncluded under motive
power.

“Here an interesting side light is thrown on the
efficiency of present methods. Taking both
the Cevlon and Duars figures worked out from
fuel consumption on the basis of 100 Ibs
of tea made per hour we have —

Ceylon, 100 Ibs using
167 units per Ib =167 uwmts per hour;

=167 kWs. ;
Duars, 100 1bs. (80 o
per cent. dry)
usmg 087 units
per 1b. . =87 umts per hour;

=87 kWs ;

as compared with 60 LWs estimated
from actual tests with electrical drying.
It therefore appears clear that about 3 times
as many heat units are at presenf wasted as
are utilized ; but until electrical tea dryers
have been actually used under service condi-
tions it cannot be definitely stated that their
efficiency will be as high as isassumed from
other industries.”

It may be added that Mr.Allan of the General Electric
Co, m conncetion with the’ Duars project, which is
that for Messts. Octavius Steel & Co.’s gardens refer-
red to above, believes that 60 units per 100 1bs of tea
will prove a conservative figure; if so, the economy
will be even greater than that assumed in the Ceylon
Teport. ‘
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Board of Scientific Societies, London, has expressed
its preference for State control of hydro-clectric
developments in the following eccerpt :—

“ The considerations already outlined would indi-
cate that the conservation and utilization of
the water power resources of the Empire is *
likely to be onc of the most important prob-
lems in our palitical cconomy. The solution
of this problem involves many complex
questions of law, of adjninistration, and of
engineering and economic investigation, if
the public interest is to be best served by
the development. In view of the immensity
of the interests involved, it is urged that
nothing short of statutory control of these
developments is  desirable The exact
method of control is not for the Committee
to suggest. So far as is possible private
enterprise should be encouraged, but under
conditions which would prevent the perpe-
tual rights being lost to the community.

“TIt should be recognized, however, that while
it ig essential that the State should have
the right of ultimate purchase, the period
of such purchase should not be urduly
short or the terms too onerous. It will
be remembered that such legislation had
the effect of severely handicapping the
electric power and lighting industry in the
early days of its development.”

During the course of the preliminary enquiry the
question of the pohicy to be adopted was discussed on
various oceasions with public officers, firms and indi-
vidual engineers. A policy enitable for one part of
India may be the reverse elsewhere.

The subject of water storage and water power, al-
though in the category of * Reserved Subjects,” has
now become purely a provincial matter. Government
assistance isrequired, where a grant of theright to deve-
lop water power is given, in such matters asland
acquisition, water rights, transmission of power routes
and so forth.

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-beging,
within transmission reach of a considerable demard,
and whatever the reasons may have been that led to this
fmpasse it has undoubtedly had a deterrent effect on
similar enterprise elsewhere. Thers may be cases
where the carrying out of a project by Government may
be advisable, if investigation proves that the indirect

N
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benefit to the coiintry of cheap power will counter-
balsnce a comparatively small return on the capital
invested in the power scheme,

Government nid should, it is considered, only apply to
the development of water power (a) by a public utility
company or (b) for the purpose of an industry in which
Government has a particular interest or (¢) for an
industry which it is particularly desired to foster.
A company developing power for its own factories, not
coming under heads (b} or (¢), would not usually require
help.

'J[“hc Water Power Resources Committee of the (now
defunct) British Board of Trade laid down certain
* fundamental principles,” which may be recorded
here t—

* (a) The whole of a watershed must be thoroughly
studied and the fullest use made of its poten-
t1al water power consistent with reasonable
capital expenditure A development which
would only result in a part of the power
being utilized should not be permitted it
the ultimate use of the whole available
power1s thereby prejudiced.

(4} Proper regard must be shown to the interests
of domestic and trade water supples,
fisheries, the dramage of adjacent lands,
canals, and inland navigation, and in certain
cases to local amenities. Negleet to give
consideration to sume of these requirements
lias been responsble in the past for fajlure
in the promotion of some water power
schiemes,

(c) A part of the available power must be reserved
for use by the local population within the
watershied, both for present requirements
and alo for prospective developments. It
is important to remember, however, that in
the case of large water powers cansiderably
in cxcess of local requirements, it would not,

in general, be commercially practicable to
ensure a cheap local supply of electricity
unless the powers were developed to the
maximum extent and the bulk of the output
utilred by an industry requiring practically
a continuous supply throughout the year.”

A constructive sugaostion may be put forward from

German practice ** In Germany-before the war, noy

a few of the preat municipalities entrusted the manage-

nent ol undertalings of public utility, gas, water,

dectric bplt, tramways and so forth, to a Cumpany
in wlock the runicipality held shates sufficient to make
it an impetant if not o predominant shareholder.

TLe aystemn is urdesstood to have worked satisfactorily,

an!

v

MATTERS. [Para. 50.
The public authority protects the public and gives the
company the benefit of jts superior credit, while at the
same time the benefits of private cnterprise are pre-
served.”* The article here drawn on is on the subject of
railway nationalization, but the proposal appears to
contain the germ of & principle of very wide application.
The writer goes on to point out that {as in Canada)
the business conld be managed by a Board of business
directors, but, in the ease of undertakings so combining
State or municipal with Company ownership, the Board
would consist partly of official nominces and partly
of represcntatives of sharcholders, The private share-
holders would then receive some agreed proportion of
the net profits above their guaranteed net income,
as already suggested in the Preliminary Report.

50. Granis for development of water power.—
After some discussion the term “ Grant * for the develop-
ment of water power has been adopted by the Govern-
ment of India in preference to  Lease,”  License,”
“ Concession ™ or “ Agreement.” Such grants are em-
bodied in agreements between the Secretary of State
for India (represented by the local Government as
Grantor) and the Grantece. Apart from actual under-
takings at work (Chap 10) or under construction (Chap.
11) agreements have been entered into, or are under
consideration, between Government and the promoters
for the development of the following sites The poner
involved is entered elseshere in this Report and is not
given here.

List of grants or proposed grants for the development
of water power (exclusive of sites developed or under
construction), '

Assam.—None as yet. An application has been
made for developing the Um Tru river at Burnihat,
and the Umkra stream at Shillong may be the subject
of a grant presently.

Bikar and Orissa—None.

Bombay —Messrs, Tata Sons and Co. have applied
for the right to develop the Koyna Valley acheme and
also the Kundli Valley, which is nn extension of the ori-
ginal Tata Hydro-Electric Power Supply Co’s works.
The Nila Mula project is temporarily keld up.

{i) Burma —Agrecment with the Burma Mines, now
the Burma Corporation Limited, relating to the
Mansan falls.

(ii) Agreement with the Kanbauk (Burma) Wolfram
Mines Limited, Tavoy.

Two other applications in the Tavoy District are
pending.

Central Provinces.—None,

* Quarterly Review Ko. 460, July 1919, p. 174,
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Madras—{i) An agreement granting the right of
development has been entered into for the Kundah
River with Messts. Tata Sons and Co , who are negotiat-
ing with Coimbatore mterests for working up the project.

(u) The power rightsn the Periyar Lake were granted
to Mr. A H Garrett, who transferred them to a syndi-
cate represented by Sir A Chatterton, C.I E, Industnal
Adviser to Tata Sons and Co  Applications have been
made 1n respect of various other projects, as follows:

(in) Gundar and Kumbar project, Madura Mr Lee
Hart has applied for the nght to develop this project
It is not a pronmusing one and the Pmjikave-Berjjam
scheme near by offers far greater possibihties

(iv) Kollimala: scheme Mr TPerry has applied for
the nght to develop this and the matter 1z under con-
sideration

(v) Pykara scheme Two apphications have been
made for the nght to develop the Pykara bevond
Ootacamund, and the matter 1s under consideration

(vi) Sirumalai scheme  There are tentative proposals
for utilizing ths

(vii) Vuyyuru scheme This is a small canal project
for which an application for development has been
made

Punjab.—(1) Two projects that are the subject of
agreements are working at Dhanwal and Nidampur
(Patiala).

(i) An agreement with the Punjab Power Associa-
tion, to which General Beresford Lovett and Sir Thomas
Ihigham were parties, has lapsed and fresh proposals
are pending for the development of the falls on the head-
waters of the Upper Ban Doaly Canal. The applicants
are the Subera Hydro-Electnic Co

(ili) An agreement has been entered into between
Government and the Punjab Hydro-Electnic and In-
dustry Development Association (Bawa Hardyal Singh)
{or utilizing four falls on the Upper Jhelum and Upper
Clienab Canals  Construction will shortly commence,
it is hoped, at the Joyanwala Fall.

(1v) A project for irrigation pumping by power from
the Lower Bari Doab Canal at Renala is under consi-
deration.

Unated Provinces—Agreements were entered into
many years ago with the United Provinces Power Asso-
ciation (General Beresford Lovett) for developing two
loops on the Jumna, one of which is partly in Tehri-
Garhwal  Notlung whatever has been done and the
agreement expires shortly.

51. General Considerations as to “ Grants.”—A
grant for the development of water-power for a short

* period would usually be valueless; the period must
necessarily be long enough to enable the grantee to
recover the capital sunk in the enterprise. Electrical
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undertakings, working under a license granted under the
Indian Electricity Act, may usually be purchased after
B0 years,and a similar period is reasomable in the
case of hydro-clectric installations.

Where a decision has to be made between the claims
of two or more applicants for a Grant the claims of a
public utility company should, 1t is conuudered, have
precedence over an application from a purely industrial
concern, because the latter can always obtain its power
from a company even though it may have to pay a
slightly enhanced rate for it. Furthermore, a
company which is to serve the general public should
be of greater value to the State than one which is serving
1ts own interests only. Where the claims of two appli-
cants who wish to float a public company have to be
decided between, the Grant would no doubt be given
to the one who also obtained a license under the Indian
Electrieity Act from the local Government concerned.
1t may be emphasized that 1t should be allotted to the
applicant who is prepared to offer the best terms fo
the general public, rather than preferential terms to
the Government; the latter invariably react on the
private consumer. The same conditions should, it is
considered, also govern grants for the use of water-
power. Theclaims of two competitors who both wish
to develop water-power for a purely industrial purpose
should be settled, 1t is suggested, in the same way,
according to the conditions and rates under which
they purpose to sell their products to the publie.

The conditions under which a grant for the use of water-
power should be given to a public utility company
should, it 1s 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 a local authority or the local Govern-
ment under the provisions of the Indian Electricity
Act, and can be continued in u<e and developed for the
use of the public in the case of mismanagement or the
insolvency of the grantee. In the case of a grant for
a purely mdustrial purpose, seeing that Government
must be consulted as to how the site shall be dev eloped,
it appears necessary that the grant shall stipulate for
the removal of any works that may interfere with
the use of the poner by other perwons on the final
expiry of the grant, or in case of its determination for
breach of the conditions imposed.

The dangers to be guarded against in giving a
“ Grant ” are :—

(a) The grantce may merely hold his grant until
he is bought out by a company, Thisisrot
in iteelf nreesarily un evil, g0 lurg as pow:er
is retained to cancel the grant if work kas
not been begun and completed withic a

1
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reasonable time. A substantial deposit
would probably be 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.

(b) The site may be ruined by partial development

In the case of every public utility company
it should be a condition that the imtial works
shall be so carmed out that eventually the
full possibilities of the site can be utihzed
if there is a demand for more power. If
this condition would render the mtial
development too costly for commercial
success it might, in the absence of direct
help from Government, be impossible to
proceed. It must always be remembered
that in such matters as storage works and
canals or channels 1t 13 almost essential to
build for the full ultimate requirements at
the very start, but it 13 seldom possible to
put plant down for the full power, so the
extra capital 1s for the time being unprodue-
tive. In the case of an industnal develop-
ment company this condition does not
appear to be necessarly applicable; but
foreuight is required if good sites are not
to be sporled by partial development,

t¢) Taisting water nights and future irrigation de-

mands mmust be safeguarded, or, i other
words, no grant should be given until the
irrigation possibilities have been fully con-
videred. This, as a matter of course, is
always done. The smell riparian rights
of private persons would seldom offer any
difficulty as the whole extent of a hydro-
electric scheme will generally only embrace
a few miles of a channel. The utilization
of the tail waters of the turbines is a more
complicated matter. The most effective
position for a power station might be such
that a powible futurs canal supply would
be jeopandized. In such cases the conflict-
ing daims of power and irrigation would
have to be threshed out by an independent
, autlority,

{d) Puwer should be taken in any Grant to deter-

mine the same should the grantee stop
wing or not make sufficient use of the
water-power, provided that there are other
applicants for its use.

[Para. 52.

The question of the payment of royalties for the use
of water power has been much discussed, Mr. Barlow
and the present Chief Engineer advised against the
payment of any royalty on the grounds that industrial
development was more important than small sums
obtained in this way, except in cases where promoters
use works (eg, canals, etc.) already constructed.
1t has however been decided that a small royalty is
both just and expedient; the comparatively small
expenditure on the Survey will in this way soon be
recouped in the Provinces concerned. As regards
*“ public utility companies ” 1.e, companies supplying
power to 2ll applicants in their area of supply for all
purposes, as distinet from purely industrial power
companies, the following considerations were put
forward in the Preliminary Report :—

First—A company which is bronght into existence
for the good of the public is already doing a public
service, and should not be burdened with special taxes
on 1ts construction or working which will inevitably
be passed on to the consumer.

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

Finally it 1s very desirable in the interest of British
Trade that British Standards of pressure and irequency
should be adopted 1 all future hydro-glectric work,
and the suggestion is put forward that this should be a
condition of all grants and agreements for the develop-
ment of water-power  The matter is more fully dealt
with it in para, 47 supra.

52. Encouragemen! of hydro-electric develop-
ment.—In Chapter 6 of this Report a comparison is
made between steam power and water-power, and in con-
nevion with any “ Grant " for development of the latter
the considerations there set forth are important. So far
as any industrial limited liability company is concerned
the chief factor will necessarily be the total cost of the
rival methods of obtaining power; the desirability
of fuel conservation is admitted on all hands, but busi-
ness men will only be wlling to assist in conservation
when their shareholders will also benefit. It may
therefore be not out of place to add some remarks as
to the lowest cost of producing power in India.

In the 1920 * Supplement to the List of Electrical
Undertakings in India” an sbstract is given of the
financial and technical details of all the Licensed ** public
utility " electrical undertakings in India. The fuel
driven plants vary greatly in size and output, as well a3
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in the cost of the power produced, and in the latter
respect all have suffered from the war

In the year 1919 the Caleutta Electric Supply Corpora-
tion generated 40 1 miilion umts and sold 31 9 millions
at an average price of 232 annas a umt. Their plant
capacity then amounted to 22,300 kW. and the load
factor for the year was 303 per cent. on
a maxmum load of 12000 LW  Bemng com-
paratinely mear the Bengal coal fields the cost
per ton of fuel would be low, probably about eight
rupees  Tle actual cost of fuel per unit generated was
0190 annas, and per umit sold 0 24 annas, considerably
below that of any other company With an actual
maximum load of 12.000 kW the average load to gene-
rate 40 1 mullion umits was practically 4 600 kW on the
continuous basis  The fuel cost of a killowatt year,
or 8,760 umts sold wa~ R~ 132 Therefore any rovalty
of this order would render the competition of water-
pover out of the question, as the capital charges for
water power stations are generally much ligher than
that of steam stations and the power usually has to be
transmmtted long distances

Lower fuel costs than the above are found i self-
contammed 1imstallations such as railway works, even
though they supply a small amount of power to private
houses ; but the use of water-power for self-contained
works comparatively near the plant 1s a condition not
at present met with in India

It has already been pomnted out that the value of a
given flow of water m horse-power 1s directly propor-
tional to the head o that a royalty per cusee of flow
used would be anomalous A charge of the order of
Rs. 10 per h p year, based on the uorking plant (ex-
clusive of spares) would not often be sufficient to deter
promoters from proceeding. At the Cauvery falls
the charge (after the first & years) was Rs. 5 pere. h p.
year, while for the Lagylap project in Sikkim 12 annas
per ¢ h. p year was agreed upon and for the Jumna
power scheme 4 annas per (theoretical) water h p. year,
Where existing canal works have been used, much
higher royalties, up to Rs 40 and even Rs. 60 and Rs.75
per h. p. year, have been charged.

53. Accounts of undertakings belonging o Gov-
ernment.—There is o general consensus of opinion,
both lay and technical, that it is both impoltic and
impracticable to attempt to run o Government hydro-
electric project on the account systems of the Civil
Account Code. There are no doubt many excellent
reasons why the various Codes are necessary for the
ordipary run of Government work, including such
quasi-commercial undertakings as irngation works.
An electrical undertaking however is on & very different
footing and it is submitted that its accounts (at any
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rate after construction is completed) should be kept on
strictly business lnes, by commercial accountants,
and subject to commercial audit by a Chartered Ac-
countant. At that stage 1t will doubtless be possible
for the Accountant-General to take the audited accounts
and pass them into the Provineial accounts in any form
Le thinks fit. It has been suggested by the Director of
Industries, Umted Provinces, that the best way to com-
pass this end would be to place the management of such
a concern in the hands of a responsible firm of Managing
Agents, who would deal with the concern precisely as
though it were a limited liability company under their
charge, subject to the decisions of a Board of Directors
m which Government would have the deciding voice.
No doubt grave objections will be raised to any such
procedure, but it seems essential if such wndertakings
are to be run on sound lines ; and new departures require
new methods. To take only one mstance, » scheme of
this nature must be written down for depreciation and
must carry a reserve fund for emergencies ; otherwise its
real financtal position will never be known A eanal
does not depreciate beyond the extent to which periodi-
cal repars will bring it back to its original condition ;
whereas plant not only wears out but may become
obsolete while still in full working order, by which
time 1t will have been already written down to scrap
value so that there will be no disturbance in the acounts.
No Accounts Code takes account of * obsolescence,”
if the use of this Americanism is permissible; hence
examples can be found of plant working in Government
factories that has been obsolete for many years but
Las Deen retamed because it will still work, The
success of~a company-run electrical scheme depends
on the dividends which the balance of revenue over
expenditure and capital charges enables it to pay, after
providing for contingencies. This margin is increased
by enlarging the sphere of operations and the gales;
and the sales are increased by judiciously lowering
the rates charged for energy so as to bring in new
consumers. While the same careful provision for the
future in the matter of depreciation and reserves is
necexsary in a Government concern—indeed, without it,
the real posttion can nes er be ganged—there is no nrees-
sity to pay regular disidends beyord the provi-ion of
the ordinary rate of mterest on capital. If there is a
further surplus in a particular year the rates charged
for encrgy should be lowerced in the folloning year, thus
increasing the demand on the concern and its utdity
to the public and increasing the industrial pro-perity
of India. The indirect benefit from the expareion of
industry and amenities of life will, it is submitted, take
the place of a direct return in cash.  As regards reserve
funds, it may at first sight appear absunl that an under-
.
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reasonable time. A substantial deposit
would probably be 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 1n
the field.

(b) The site may be ruined by partial development.

In the case of every puble utility company
it should be a condition that the imitial works
shall be so carried out that eventually the
full possibilities of the site can be utihzed
if there is & demand for more power If
this condition would render the mitial
development too costly for commercal
success it might, in the absence of direct
help from Government, be impossible to
proceed. It must always be remembered
that in such matters as storage works and
canals or channels 1t 13 almost essential to
build for the full ultimate requirements at
the very start ; but it 1s seldom possible to
put plant down for the full power, so the
extra capital 1s for the time betng unproduc-
tive. In the case of an industrial develop-
ment company this condition does not
appear to be necessartly applicable, but
foresight 13 required :f good sites are not
to he sporled by partial develojment

{£) Tixisting water nights and future 1rngation de-

mands must be safeguarded, or, 1 other
words, no grant should be given until the
irngation possibulities have been fully con-
sidered.  This, as a matter of course, is
always done. The small riparian rights
of private persons would seldom offer any
dificulty as the whole extent of a hydro-
electric scheme will generally only embrace
a few miles of a channel. The utilization
of the tail waters of the turbines is a more
complicated matter. The most effective
Pesition for a power station might be such
that a posable future canal supply would
be jeopardized. In such cases the conflict-
ing Jaims of power and irrigation would
bave to Le threshed out by an independent
. suthority,

() Power should be talen in any Grant to deter-

mine the same should the grantee stop
e or not make suflicient use of the
water-power, provided that there are other
upplicants for its use.

MATTERS. [Para. 52.

The question of the payment of royalties for the use
of water power has been much discussed. Mr. Barlow
and the present Chief Engineer advised against the
payment of any royalty on the grounds that industrial
development was more important than small sums
obtained in this way, except in cases where promoters
use works (e.g., canals, etc.) already constructed.
It has however been decided that a small royalty is
both just and expedient; the comparatively small
expenditure on the Survey will in this way soon be
recouped m the Provinces concerned As regards
“ public utiity companies ” ¢e., companies supplying
power to all applicants in their area of supply for all
purposes, as distinct from purely industrial power
companies, the following considerations were put
forward in the Preliminary Report :—

First—A company which is brought into existence
for the good of the public 1s already doing a public
service, and should not be burdened with special taxes
on its construction or working which will inevitably
be passed on to the consumer.

Secondly—8uch a puble utility company should
be given every facility to fight its early strugsles, and
only when it has achieved a position of prosperity
should Government step in to share the profits; and
then only with due regard to the consumer’s prospects
of a cheaper supply.

Finally 1t 13 very desitable in‘the interest of Brtish
Trade that British Standards of pressure and frequency
should be adopted in all future hydro-electric work,
and tho suggestion is put forward that this should be a
condition of all grants and agreements for the develop-
ment of watee-power The matter is more fully dealt
with it in para, 47 supra.

2. Encouragemen! of hydro-electric develop-
ment.—In Chapter G of this Report a comparison is
made between steam power and water power, and in con-
nexion with any * Grant ”* for development of the latter
the considerations there set forth are important. So far
as any industrial limited liability company is concerned
the chief factor will necessarily be the total cost of the
rival methods of obtaining power; the desirability
of fuel conservation is admitted on all hands, but busi-
ness men will only be willing to assist in conservation
when their shareholders will also benefit. It may
therefore be not out of place to add some remarks as
to the lowest cost of producing power in India.

In the 1920 “ Supplement to the List of Electrical
Undertakings in India ™ an abstract is given of the
financial and technical details of all the licensed ** public
utility > electrical undertakings in India. The fuel
driven plants vary greatly in size and output, os well as
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in the cost of the power produced, and in the latter
respect all have suffered from the war

In the year 1919 the Calcutta Electric Supply Corpora-
tion generated 40 1 mullion umts and sold 31 9 millions
at an average priee of 232 annas a umt  Their plant
capacity then amounted to 22,300 kW. and the load
factor for the year was 303 per cent on
a maxmum load of 12000 1W  Bemng com-
paratively mear the Bengal coal fields the cost
per ton of fuel would be low, probably about eight
rupees  The actual cost of fuel per unit generated was
0190 annas, and per umt sold 0 24 annas , considerably
below that of any other company With an actual
maximum load of 12.000 AW the average load to gene-
rate 40 1 million umts was practically 4 600 kW on the
continuous basis  The fuel cost of a killowatt year,
or 8,760 umts sold was R~ 132 Therefore any royalty
of this order would render the competition of water-
power out of the questton, as the capital charges for
water power stations are generally much higher than
that of steam stations and the power usually has to be
transmitted long distances

Lower fuel costs than the above are found m seli-

contamed installations such as railway works, even
though they supply a small amount of power to private
houses ; but the use of water-power for self-contaned
works comparatively near the plant 1s a condition not
at present met with i India ~

It has already been pomted out that the value of a
given flow of water m horse-power 15 directly propor-
tional to the head so that a royalty per cusec of flow
used would be anomalous A charge of the order of
Rs. 10 per h. p year, based on the working plant (ex-
clusive of spares) would not often be sufficient to deter
promoters from proceeding At the Cauvery falls
the charge (after the first § years) was Rs. G pere. h p
year, while for the Lagylap project in Sikkim 12 annas
per ¢ . p. year was agreed upon and for the Junma
power scheme 4 annas per (theoretical) water h.p. year.
Whero existing canal works have been used, much
higlher royalties, up to Rs. 10 and even Rs 60 and Rs.75
perh. p year, have been charged.

53. Accounts of undertakings belonging to Gov-
ernment.—There is a general consensus of opinion,
both lay and technical, that it is both impolitic and
impracticable to attempt to run & Government hydro-
clectric project on the nccount systems of the Civil
Account Code. There are no doubt many excellent
reasons why the various Codes are necessary for the
ordmary run of Government work, including such
quasi-commercial undertakings as irrigation works,
An electrical undertaking however is on a very different
footing and it is submitted thut its accounts {at any

ACCOUKTS OF UNDERTAKINGS BELONGING TO GOVERNMLNT.
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rate after construction is completed) should be kept on
strictly business lines, by commercial accountants,
and subject to commercial audit by a Chartered Ac-
countant At that stage it will doubtless be possible
for the Accountant-General to take the audited accounts
and pass them mto the Provincial accounts in any form
Le thinks fit. It has been suggested by the Director of
Industries, United Provinces, that the best way to com-
pass this end would be to place the management of such
a concern in the hands of o responsible firm of Managing
Agents, who would deal with the concern preciscly as
though 1t were a Inmted liability company under their
charge, subject to the decisions of a Board of Directors
in which Government would have the deciding voice.
No doubt grave objections will be raised to any such
procedure, but 1t seems essential if such undertakings
are to be run on sound ltnes ; and new departures require
new methods To take only one instance, 2 scheme of
this nature wust be written down for depreciation and
must carry a reserve fund for emergencies ; otherwise its
real financtal position will never be known. A canal
does not depreciate beyond the extent to which periodi-
cal repairs will bring 1t back to its original condition ;
whereas plant not only wears out but may become
obsolete while still in full working order, by shich
time 1t will have been already written down to scrap
value so that there will be no disturbance in the acounts.
No Accounts Code takes account of *‘ obsolescence,”
if the use of this Americanism is permissible; hence
examples can be found of plant working in Government
factories that has been obsolete for many years but
has been retammed because it will still work. The
success of-a company-run electrical scheme depends
on the dividends which the balance of revenue over
expenditure and capital charges enables it to pay, after
providing for contingencies This margin is increased
by enlarging the sphere of operations and the sales;
and the sales are increased by judiciously lowering
the rates charged for energy so as to bring in new
consumers.  While the same careful provision for the
future in the matter of depreciation and reserves is
necessary in & Government concern—indeed, without it,
the real po-ition can never be gauged—there is no neces-
tity to pay regular dividends beyond the proviton of
the ordinary rate of interest on capital. If there is a
further surplus in a particular year the rates charged
for energy should be lowered in the following year, thus
increasing the demand on the concern and its utility
to the public and increasing the industrial pro perity
of Indu., The indirect benefit from the expansion of
industry and amenities of life will, 1t is subnutted, take
the place of a direct return in cash.  As regards reserve
funds, it may at first sight appear absurd tl:lnt an under-

12
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taking with Government behind it should require such
a fund; but reflection will show that what is sournd
finance jn company management will not be the reverse
in this case. The reserve fund, as is often the case in
companies, can be “ invested in the business ” and used
for cxtensions; and, by having it, the management
and progress of the undertaking will be strictly compar-
able with other similar but purcly commercial concerns.
The genesis of the above suggestions was in the writer’s
report on  the “ Laxapana-Aberdeen ” Hydro-Electric
project in Ceylon,

54, ¢ Model Form * of ¢ Grant for the develop~
ment of water-power.”—A draft Model Form prepared
by the present writer in 1919 and the proposals con-
Jtamned in it have since been discussed between the
Government of India and local Governments. Generally
speaking the form as modified during these discussions
has been accepted as a reasonable basis to work upon ;

[Para. 54.

but the Government of India have decided not to issue
a model Form themselves, but to lesve the matter in
the hands of the Chief Engmeer, Hydro-Electric Survey.
The Model Form now printed in Appendix I is there-
fore no more than it professes to be, 21z, a suggested
form covering all points likely to arise when there are
negotiation between Government and a promoter for
the use of the water-power available at a given site.
Anything of the nature of rigid uniformity is neither
necessary nor desirable, but a reminder of points apt
to be overlooked cannot fail to be of value. The Model
Form is accompapied by explanatory notes and a
suggested form of application. The value of the latter
Iies in the fact that it can only be filled in when the site
has been investigated reasonably beforehand, so that
genuine applications can be separated from purely
speculative ones.
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taking with Government hehind it should require such
a fund; but reflection will show that what is sound
finance in company management will not be the reverse
i this case. The reserve fund, as is often the case in
companies, can be *“ invested in the business ” and used
for cxtensions; and, by having it, the management
and progress of the undertaking will be strictly compar-
able with other similar but purely commercial concerns.
The genesis of the above suggestions was in the writer's
report on the “ Laxapana-Aberdeen ” Hydro-Electric
project in Ceylon.

54, ¢* Model Form *° of *“ Grant for the develop-
ment of water-power.’>—A draft Model Form prepared
by the present writer 1n 1919 and the proposals con-
Jtained in it have since been discussed between the
Government of India and local Governments. Generally
speaking the form as modified during these discussions
has been accepted as a reasonable basis to work upon ;

[Para. G4.

hut the Government of India have decided not to issue
a model Form themselves, but to leave the matter in
the hands of the Chief Engineer, Hydro-Electric Survey.
The Model Form now printed in Appendix II ia there-
fore no more than it professes to be, viz, & suggested
form covering all points likely to arise when there are
negotiation between (overnment and a promoter for
the use of the water-power available at a given site.
Anything of the nature of rigid uniformity is neither
necessary nor desirable, but o reminder of points apt
to be overlooked cannot fail to be of value. The Model
Form 1s accompanied by explanatory notes and &
sugaested form of appheation. The value of the latter
lies 1n the fact that it can only be filled in when the site
has been investigated reasonably beforehand, so that
genuine applications can be separated from purely
speculative ones.
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PART H—TIIE WATLR POWER RESOURCES OI' INDIA.

Ciarter 9 —PreLitinary Forecsst or 1oy,

Witer Powrr or InDiv

55. Categories into which sites are divded ;
maps.—In the Prelinunary Report no attempt was
made to achieve the impossible by forecasting the water
power of India  Even now any such attempt s of
necessity largely guess-work

“No pent-up Utica contracts vour powers
But the whole boundless contient 1s yours ”

The area with which this Survey 1s to some catent
concerned 1s about 1,800,000 sq mules of which over
1 milkon sq mules are under Bntish Admimistration
“ The Indian Empire is equal to the whole of Europe,
except Russia. Burma is about the same size as (pre-
war) Austria-Hungary ; Bombay 1s comparable in pont
of arca with Spain, ‘ladras, the Punjab, Baluchistan,
the Central Provinces and Berar, and Rajputana are
all larger than the British Isles, the United Provinces
and Bihar and Onssa than Italy.”’* Over this immensc
area, in common with other parts of the Bntish Empire
& hydro-electric survey was mtiated 1 1918; but
hitherto only a fraction of the water-power resources
has been examined. The following categories are dealt
with :— .

I. Water power now developed ; Chapter 10.

II Plants under construction; Chapter 11.

1L, Areas mvestigated (not necessarily exhaus-
tively) but not developed. This includes
most sites where the available power can be
gauged with considerable confidence , Chap-
ter 12,

1V. Known sites of which detailed examination
is desirable, In these an estimate of the
probable power is given whenever the data
allow, but examination has not proceeded
far enough to show whether the develop-
ment is practicable from the engineering
or the financial standpoint ; Chapter 13.

V. Arcas and sites not examined. This list

embraces many possible sites mentioned
in the Prebminary Report of which prac-
tically nothing 13 known. Only in & few
cases is a very speculative figure given
for possible power, on the basis of such

4 Tho Indian Year Book, 1019,

mlormation as 1s obtainable from outside
sourees ; Chapter 14.

VI Useless sites. In order that time may not
be wasted on sites which have been examined
and found uscless these are entered, with
reasons where these are krfown. Most of
them were mentioned in the Preliminary
Report, and having been given currency

3 should now be cancelled ; Chapter 15.

The key map (Plate II) indicates generally the areas
m which water power is known to exist, according to
the depth of shadmg. The general map (Plate VII)
m the pocket at the end of the volume has most known
or probable sites marked on it, but the positions are
only approzimate; where known, the text gives
references to the l-inch maps. The circles of 100 miles
radius around the latger known sites (full) and probable
sites (dotted) serve to show areas which could be served
by interlinked systems.

56. Definition of minimum power ; power on
ordinary minimum flow ; power for maximum
development.—No cndeavour has been made to assess
the discontinuous power of individual sources which
may be available for 6 to 8 months in the year. In
every country this is much greater than the continuous
power available on minimum flow in the worst years;
but in India, where the wet seacon is confined to a few
months, the excess of power available during the time
that the effect of tlhe monsoon is still felt is beyond
any attempt at calculation ; monsoon storage schemes
are an exception, for here the whole avalable power
is averaged throughout the year and the maximum
power is also the actual. Furthermore, when the hot
weather begins, there is a great rice in the discharge of
all snow-fed rivers, which lengthens the diicontinuous
period. The Dominion Water Power Branch of Canada,
which has taken up the question exhaustisely, shons
that the ** Power for maximum development,” depend-
able for 6 months, is very nearly double that obtainable
on “ordinary minimum flow,” not ab-olute minimum
flow as in this Report. * Ordinary minimum flow ™
is defined as being ** based on the averages of the mini-
mum flow for the two lowest concecutive seven day
periods in each year, over the period for which records
are available” The * Estimated flow for Maximum
Development ™ is based upon * the continuous power
indicated by the flow of the stream for six montks in



54 WATER POWLR BESOURCES.

the year. The actual method to determine this flow
is to arrange the months of each year sccording to the
day of the lowest flow in each; the lowest of the six
high months is taken as the basic month ; the average
flow of the lowest seven consecutive days in this month
determines the maximum for that year. The average
of such maximum figures for all the years in the period
for which data arc available is the estimated maximum
used in the calculation.” In India 1t will be conser-
vative to assume that the continuous power on  ordi-
nary minimum flow ” as defined above is, for the whole
of India except Bombay and the Central Provinces,
b0 per cent in excess of the figures taken m this
Report. These two areas are excepted because they
depend almost entirely on monscon storage, and an
addition of 20 per cent. will be near the mark. The
North-West Frontier Province has been left unaltered,
as it is doubtful if the Indus will, ;n fact, ever be
harnessed

The “power for maximum development,” agamn
cxcluding these two areas (though the excluston would
not by any means be untversal), may be taken as gene-
rally at least 3 tunes the ordinary mimmum continuous
power shown 1n this Report For the excluded areas,
to allow for projects not based on storage, 60 per cent
is added for Bombay and 30 per cent for the Central
Provinces. The table however varies somewhat from
these figures, and 15 in round numbers.

57. Summary of results and anticipations ;
minimum continuous power.—The followng table
is a rough preliminary forecast of so much of the water
power of India (based on minimum discharges) as it is
in any way possible to indicate at present. The total
power shown amounts to 5,582,000 kWs or 7,400,000
electrical horse power; and as the basis is minimum
continuous power the figures represent kilowatt-years
Diagrammatically the distribution among the chief
divisions of India may be represented as shown in
figure 23, where the scale is 1 2q., milimetre to
1000 LWs,

Tanty 8.—Summary of probable minim

(Para. 67.
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TaBLE 8—Summary of probable minimum continuous rweater power in India —cotinued.

|
Water pow
pow Gevelobed  Plants nnder Areas Inveddigited rvirdutzned | Areas st sites Probable
‘Provinee O State K‘"\‘l:rﬁy) - construetion lh‘\'l‘]ap 1 e(dﬂ'l:il(r;!‘l"]ﬂou la | not fnvestizated total
KT contuatons | KT continyous | K% contiovons | pelTEES o | prabatte kW, kW,
_ — }
1 ° ! s 4 5 [ 7
) >
Brought forward . 600 ‘ . 127,250 10,0000 950,000
Bibarand Onsa o . . ! . 12,550 20,000 30,000
Bonmbay 71.400 50,000 272,560 230,350 20,000
Burma . 3370 155,800 492,400 300,000
Central India - 50 40 .
Central Prov inces and B(-r.n B 13,700 113,860 10,000
Cochin X 4,000 -
Coorg . 1,500 .
Gwalior | 1,000 42,300 .
Jammu and Kashmr 105,830 . 179,500 20,000
Madras . 740 32,670 53,900 5,000x x
Mjsore 24,000 4,500 20,000 . 53 48,500
\orﬂ. W est Frontrer [2ou] - (1,000,000] [1,000,000]
Tatiala - . .. 29
Punjab mld canals - - 1, 530 . 129,270 | Seo cols, 4 & § 662,000 793,150
Rajputana . . . . .. . 160 . 160
Sllm . . ‘ . 5,000 i - 5,000
Traancore . . 450 . . 450
United Provinees and “eanals . 4,330 ¢ 140 378,000  Beecols 4 &6 20,000 403,370
|
1
TOTALS . 213,140 55,640 1,194,280 1,102,070 3,017,000 5,582,000
.
:

Of the projects or sites included in the above summary
the following hst shows the order of magmtude of the
projects suggested or known , but, as rcgards the first
entry,* only 4,000 WWs, can be developed on the
present layout of open channel ,—
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There doubtless remain many other unknown sites,
and the future possibilities of development by lifting
dam offer an untold number of sites in the smaller
categories.

58. Total power on “ ordinary minimum flow *

and for “ maximum development.”—This need not
detain the reader for long, as it is speculative and based
on the mmimum of reltable nformation. Using the
definitions and multipliers suggested in para. 50 the
following are probubly conservative figures. Ouly the
main areas are entered.

TAnLE 9 —Summary of ordinary and marimum power.

Trobatle ordi | Protalble power
Province or State. nary mimimum | for masimum
power., develupment 5
kW
Amm I 1.2 60
Bungal - 150 ()
Bihar and Oriws . 152 vy
Bombay . . . Ltunian
Burma™ . . 2,000 (uw)
Contral Pnnmc«g . 139
Jammu and Kasbhmir . 3
Mad; N Zwrren
N, “ F. I ro\'mce . .
Tunpsb . .. 1,100 (%)
United Provirces . (DXL
Other areas entered 1 pre-
ceding tatle . . . o000
Torar . 753,000 12,650 00
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50. Summary of water power now developed.—
In para. 23 of the preliminary Report, Table 2
showed the water power then actually in being in
(geographical) India. The plant nstalled amounted
to 83,800 kWs, (111,860 ¢. h p) but this did
not of course represent the continuous power
value of the sites, Thus the largest contmbution
to the total came from the Tata H E P 8. Co
in Bombay, which has virtually a 12-hour working
day, so that when the varymg load factor of
the working day 1s taken nto account the plant
installed can be, and in fact is, rauch more than donble
the continnous 24-hour, 365 day power. Throughout

_ this report the continuous power basis is employed,
though where the plant installed (or to be wstalled)
is known its eapacity 1s also given  The present posi-
tion as regards water power actually developed is mdh-
cated in the following table by Provinces and States,
and further detals are gmven 1n  succeedmng
paragraphs :(— :

Tapre 10.—Summary of water power now developed.

| ! Ultimate
! Kumberof Plant ina- | of the sites
Proviace ar State | g tes talled, | on munLnum
developed 5N
LWs
contlnuons
Teapat . s U e a0
Tombay 4 102,600 71400
'
Burma - 3 8,700 s
Jammu snd Kashmic 2 4,070 105,830
Madras 3 1128 740
Myvore PR TS 23,000
North West Fronthr Province o, e 0
Patlila State . 1 210 230
Tunjab K 2083 1,340
Travaneora .« o B 1 1350 450
Unitel Prosinces 2 2210 4330
Tadh . . . 22 132,750 AW Tora

1
210N,
‘continuvus

60. Bengal ; water power developed.—This at
present consists only of the pioneer installation at
Darjeeling.  The Municipal hydro-electric supply is
obtained from three small hill nalas, tributaries of the
Rangeet and Tista rivers, map 78 A/8  The original
development carried out by the present writer in 1896
utilized the Hovpital jhora and Kotwali jhora, by means
of open channels meeting above the confluence. Subse-
quently the Municipal Engineer, the late Mr Robertsen,
brought in a third nala, the Barbutia jhora, by

WATER POWER RESOURCLSR,

{Para. 59.

means of a flume carried on a considerable suspension
bridge, over the deep gorge of the Kotwali  Later on
the Hospital Jhora was tapped at a point higher up
stream, and an upper power house was built, of which
the tail race discharges into the regulating reservoir
of the original and lower scheme. The following are
the remaining data of hoth works :—

Uprer mts, Lower ate.

Mimmum flow of sonrecs  About 10 eusrca, | About 10 enaces.

Regulating storage, eul ft. 45,000 229,000
Working head in ft 630 215
Open channcl, milee ., 1 20
Capacity of channel, cusecs 10 17
Length of pipe tme, £t 2,150 720
Plant installed, KW 130 170

Continuous power available. On the minimum flow
recorded this is:—

XNy o1 o) ooww

As however the open channels are ouly designed to
carry 4 to 4} cusecs the actual contmnuous power is
at present mited to thus flow, or say 265 kWs, the
storage merely sufficing to meet varying actual loads.

61. Bombay ; water power developed.—The
plants now developed in Bombay consist of that at the
Bhatghar Dam, the Tata and Andhra Valley works,
and the Gokak Mills Co’s plant. Of these the first-
was put up for the construction of the new and larger
dam at Lake Whiting, which has been built on the
existing site and passes through the present structure,
The Gokak Mills schemie has been working for factory
use for many years. Of the two Tata schemes, the
Tata H. E. P, 8. Co. has been working for some years ;
but owing to the failure of the monsoon before the
main Shirawta dam was completed, and when its great
lake had not been filled, the supply had to be restricted
during 1920. The Andhra Valley project is practically
complete, and the whole of its power has been taken up.
The Nila Mula project is under construction (see para.
72) by the’same firm, but progress has been hampered
by the industrial and financial situation.

All these three Tata projects depend exclusively on
monsoon storage in great lakes at a high elevation,
with passages through the water-partings. The ori-
ginal scheme has 3 lakes, of which the largest (Shirawta)
13 connected to the Walnhan Lake by a tunnel throagh
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TapLE 11.—Bombay II. E. worls.

Tata IL E P. 8. Co.

TUndertalan Andhra Valley. ‘ Dhatghar Cohak Mills Co
.
T . -
Location . . W Ghats near Peona 32 mileafrom Toone ;‘ Golnk, W. Ghats . | Lonavla, W. Ghats
3 mules from Bhor
Map - . 47 | 47T/12,16 47 F.
Sonr e of supj v . Andhra Lake ., Lako Whiting . | Ghatapraba R . | Shirawta, Walwhan
and Lonavla lakes.

Mimmum perennial flow, cusees . Storage alono 150 {from storage) . 136 Storago alone.
Mam storare, m ¢ ft . 12,000 5,312 Nt 0,038
Regulatina storsee, m ¢ ft . xXi il L1060 27 an  duct and

! | forchay.
Working Lie2d ft 1,743 ! 46 to 101 210
Lenzth of open channd, ft . Tunnel 165 by Nl 3

sl8sq It

Capacity of channel, cusres . . 600 . 200 480
Length of pipe line, ft . 4,700 440 275 13,000
Plant 1nstalled, KVA . . . . 50,000 1,02¢ 1,570 50,000
Extensions in progress, KVA . . . . Nl il 10,000

the parting A consderable open channel, with
a forebay far tov small, leads to the power house in
the plamns at the foot of the Ghats These warks have
been fully deserbed in papers read before engineer-
ing socicties.* 'The Andhra Valley 1s a far finer natural
site  Here an immense lake 15 1mpounded by a dam
that is quite narrow over its deeper parts; and a
pressure tunnel at the upper end of this lake, tapping
off a comparatively small depth of water but most of
the useful capacity, leads directly to the pipe lne and
a surge tower cut in the rock. The technical data of
these works are given in the above table.

Continuous 24-hour power. At the Andhra Valley
works the continuous discharge posaible with 12,000
m. c. ft. of eflective storage, allowing for losses, is
about 320 cusecs so the tontinuous power may be
putat 37,000 KWs,

At Bhatghar the minimum flow is dependant on
irrigation considerations, and is now 130 cusecs, giving
say G610 kWs. on average head. Large pipes are
being built into the new dam, so that some 2,500 kWs
will be capable of development during the irrigation
season of 8 months

At Golak 1t i3 1,900 kW's.

At the Tata H. E. wortks the continucus discharge pos-
sible is some 260 cusecs, so the continuous power is
some 30,000 LWs, :

For the four plants it is 71,100 1.Ws. contnuous
against 102,600 KVA installed

62. Burma ; water power developed.—The plants
now working in Burma are all in connection with mining
areas ; viz. the Burma JMines Ltd,, the Burma Ruby
Mines, Ltd, and the Kanbauk Wolfram Mines, Ltd.
The followmg table (Table 12) gives particulars of
these three plants:—

Tasir 12.—Burma I. E. uorls.

Undertaking Turma Mines | Ruby Wi, | Knbink

Locaton . . . . |Numty, X Shan| Mowek, U. Tavos.
Stites. Larm3,

Map . - . .

Sourcaotwater . .| Vinuan fallidn | Taymeo  anl| Sin  Yag
the Nam Yam, | Yayle thagng
trib of Nani | atrcama
v

Mintmum fow, fusees L 1 39 xu

Milnstorsge,m € £t . A peit £

Reulitingstonze . . a M A

Working head, 1t . . kel 213 2fiw)

Lenzth ef open channl, i f a pX

Tl |

Cupreity of chaonel, cusces B ‘ .-

Lea-th of pipe Une, §t - o h 18519

Pttt KVA ) EH

L3tnt s In g, RS, | EX T B

i

Continuons 2f-hour power. At Mansan falls, cn
the figures given, the continuous pewer available uader
the worst conditions is 2,100 LWs. The river flow

® Juurmal L I 12, 1915, Vel LI, p

602, Pros, L C. £, 353 Decenaber 1013
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Guretu, M.A., M.Inst C.E, MIE, (Ind), Member of
the Board of Revenue for Irrigation, Gwalior. Of
these one, the DParbatts project, is at present under
construction so far as the hydraulic works are concerned,
and the following brief account is given through the
courtesy of Mr. Gurtu. It 13 a very complicated
scheme, primarily for ierigation coupled with water sup-
ply to the town of Lashkar, and estimated to cost 120
lakhs. A reservoir with a capacity of 6,000 m. . {t.
i3 to be constructed on the Parbatti River at Kaketo,
6 miles North West of Mohona railway station and 38
miles from Gwalior, The dam now under construction
is to rise 125 ft. above bed level, the take-off bemng
75 ft. up. A canal over 30 mules long, partly 1n tunnel
and aqueduct, will carry the water to a balancing tank
at Sirsa, 18 miles from the dam, which 1s also under
construction. Here the canal bifurcates, the power
scheme bemng served by the larger branch with a ca-
pacity of 50 (eventually 65) cusecs  From a forebay
at Malipura there 13 a drop of 300 ft. with a very long
pipe line of 12,500 ft., the tail race water bemg used
for irrigation. The contnuous power available will
be 50x300/15 or 1,000 kWs, The discharge of the
river mses to 100,000 cusecs in the rams, but the
stream dries up later.

74. Mysore ; plants under construction.—In
connection with the Cauvery dam at Krishnaraja re-
servowr site tho*Mysore Darbar is installing penstock
and forebay cquipment for generating some 1,500 k\Ws
when the dam 15 completed  This anstallation
will no doubt work m with the existing Cauvery ns-
tallation, enlarged as the extra flow from the 1eservoir
becomes available (sce paras. 65, 89),

75. Punjab ; plants under construction.—An
agreement has been entered mto between the Punjab
Government and the Punjab Hydro-Electric and In-
dustries  Depelopment  Association (Baws  Hardyal
Singh) for developing certain canal falls, as noted in
dealing with “ Grants for the development of water
power,” These falls (and their power) are included

m the hist of canal falls m the Punjab. The most
important is the main Line fall at R. D. 211,000 of the
Upprer Jhelum Canal, at Rasul, where there is a fall
of about 70 ft. back into the Jhelum 1iver above the
Leadworks of the Lower Jhelum Canal. ‘The normal
Now 15 about 3,000 cusecs, wlich could be carried in the
canal and dropped through turbines instead of flowing
down the stream. .\ very short length of branch canal
will serve the pipe lne nt the outlet point, together
with & tail canal back to the rver. Two further falls
on the same canal at Bhimber weir, It D. $19,000 and
at 425,000, near where the canal tails into the Chenab,
neat Gujrat, can b combined to gne rome 23 it of
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Lead normally, with from 2 000 to 6,000 cueees; this
flow is available when the Rasul site above is not taking
off the water. The third fall to be used by the Syn-
dicate is 2 miles from Gujranwala, on the Upper Chenab
Canal, main linc lower, at a T-span bridee, R, D. 221,000,
and amounts to 10} ft. A fourth fall is the Joyanwala
{ail also on the Upper Chenab Canal, at Chickoki near
Lahore, where 9 or posubly 11 ft. can be obtained;
this 13 to be harnessed first, and tenders are being
mvited for the plant. The mimmum power is inclu-
ded 1n that of the Punjab Canals, in para. 91 of
this Report.

76. Umited Provinces ; plants under construc-
tion.—The suggestion to use the Nani Tal lake and
neghbouring springs for power gencration has been
under discussion for 20 years or mote, and many dif-
ferent schemes have been considered. The water
available is so small that only & small project for the
town atself 1s possble.  The sanctioned project is
based upon the lake as a storage reservoir. A head
of 1,400 ft is available with a pipe line 5,800 ft long.
It 1s estimated that for 3 months annually the rainfall
and springs will much more than balance the draft for
power The records of the discharge over the lake
waste weir show that 53 m. ¢. {t i3 the lowest record,
1 1894, and that a less quantity will supply the scheme
drawn up It 15 estimated that only 18 m. c. ft. will
bo requured to tide over the 9 months during which,
m dry years, no addition to the lake will come from
ramfall. As the lake area 18 5} m. sq. ft. an estra
depth of 3 11 ft 15 requred to give this storage (sec
below). It 1s also caleulated that the greatest variation
in lake level, when the scheme is working, will be 7-156
{t. in a year of great drought; this corresponds to 37}
m. c. ft. It 13 proposed to instal three 150 kWs.
sets ; on normal full load of two working sets (one being
spare) the water 1equired will amount to practically
31 cusecs. It iy estimated that the total demand in
Naini Tal will come to 705,000 umts per annnm, in-
cluding 255,000 units for pumpmng. This is a little
more than the old established mstallations at Darjeeling
and Mussoorie sell, and both are comparable in size and
general conditions; the former has a seasonal tea-
garden load and the latter & pumping load. The units
generated, takmg the proportion of units sold to ge-
nerated in these two places, will be 900,000 1n Naini Tal.
The arcrage load on the generators throughout the
year will therefore be 104 kWs. 1f the peak
load is 300 kWs. as assumed the load factor will
be 31 per cent or the same as that of DMussoorie;
by adjuwting pumping hours not to overlap the
normal peak an even better load factor should be
obtaived, by diminishing the maximum load
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Taking an average load of 104 kWs. for 9 months
(fe. 79% Llowatt-years) as that to be suppled
from storage the quantity of water required will pro-
bably be not less-than 32 m. c. ft., as the wheels will
often be workmg on very low effictency. This 15 a
draft of 137 cusecs for the 9 months, and nvolves a
lowermg of the lake level by about 32,5 25 or say 6 ft.
which might be mereased by a further 8 i 1f the mon-
soon broke a month late The 18 m ¢ ft. assumed
m the report appears to be defintely low; 1t would
probably require this amount 1n the first workmng year,
as the turbines must run (and pass water) even if the
load 15 neghgible The 55 m c. ft which now go to
waste will however suffice, provided that the lake 1s
raised sufficiently to ensure extra storage to the extent
required The lake will be filled m the monsoon and
thereafter, m a cyele of dry seasons, therc will be a
continuous draft at the average rate mentioned above,
with nothing coming 1, up il the (possibly late)
breaking of the next monsoon For the purposes of
this report the contmuous 24-hour power ultumately
available mav be reckoned on 50 m c. ft of water or
50> 1 400,500 = 140 lkilowatt-years, or 1:2 million
units

CuarTER 12,—WATER POWER SITES INVESTIGATED
BUT NOT DLVELOPED.

77. Summary of investigated sites.—The present
chapter contains the major part of the results achieved
by the various officers m charge of the Hydro-Electric
Survey throughout India, together with a few sites
(including some of the most promising) known before
the Survey began The succeedng paragraphs deal
with the vartous Provinces in alphabetical order ; and
the tivers 1 each Province are similarly arranged, so
as to afford ready reference. The following table
gives a summary of the whole ~—

TanLE 18.~Summary of wnvestigated sites.

Nombnr Minfanm
Tata Province or State coutinuous
siter AT
kW
73 Asnm BN . " 103070
79 | pwoss. .. 1 €000
&0 [Demgd. .. L . 3 14,250
°

81 Litur sad Orna .ed 2 12,550
s [Bombay . ., . l ¢ 212,500
81 Durma . . . . . n 133,500

SUMMARY OF INVESTIGATED SITES. 61
Ty 1 Provines o Mate Mﬁb" “""I""m’“""""
l stes T
84 ! Central Indin . . . ‘ z 235
83 Ceptry] Provinees . . 1 13,700
6 Cochin . . . 1 4,000
87 Gwalior . . . k4 42,300
83 Mrdris , . . 7 32,675
89 Mysore . . . 1 0,000
o Punjrb . 3 80,270
[ . camals . 63 40 000
02 Sikkim . 1 5,00
23 Umnited Provinces . 29 370,000
o1 ” ” cwat falls 37 8,900
L
ToTsL 190 1,194,230
:

78. Assam ; sites examined.—As will be seen from
the alphabetical List of sites investigated, Mr. Blenhinsop
has so far concentrated on a few nvers and sites that
seemed promising; and of these the Hukong Valley
is likely to prove by far the best if any means of utili-
zing its great potentialities can be found. There are
pot many sites il India capable of giving some 68,000
Lillowatt-years with a very cheap development. It is
highly desirable that this project should be surveyed
in detail so that estimates may be prepared for the
whole of the civil engincering works; presumably
the section’ of the projected rmlway up to the site,
from near Margheritd, has already reached a stage
where estimates can be made. This section of the
railway will be essential to the power scheme.

Of other sites examined, the Cherrapun)i plateau
is less promising as to cost, but the survey bas not
been carried to the point of estimating yet; indeed
the basis of development suggested in this Leport is
radically different from that tentatively put fornard
locally. It seems probable that some 17,000 hilowatt-
years can be obtained, and a capital cost of 50 to 60
fakbhs would be permissible if electro-chemical work
is to be undertaken

The Burnihat project on the Um Tru is an excellent
one on a small scale; the other sites are lesa favour-
ably placed. Details of the above will be fourd ia
the lists, as well as brief notes on sites not yet examized
or examined and found usele-s, in other rections of
this Report. The following table gives a summary
of the power at the sites which follow,
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TABLE 19.—dssam ; Summary of sites examined.

Mrumum Minimum
Sersal. River or site. Nature of supply. | Site pumber, flow He;é]' CD"t:‘“m"’ Rrsanxs
assumed, FL\;'"'
cusecs, s
(1) | Cherrapuni plateau | 4 months storage (1) 33 350 800
The 2nd and fth sections
Storage from 1 & ii (i) 62 530 2,260 compriso rescrvoirs
and open  channels
Ditto ) 62 650 2,700} [  between vsites, all of
wlich aro in sertes.
Ditto (v1) 62 L500 6,24 No (1) would bn deve-
\ foped_last 1f at all.
Ditto (vi) 62 1,400 6,700,)
(2) | Hukong Valley + | Storage . . 600 1,700 68,000 | With pressure tunnel
(3) | Maibang River Storago , ] 20 200 1,500
Duito () 195 200 2,600
Tafting dams () 100 400 5,000
{4) | Shillong Flow of two nalas . 4 590 200
(5} | Someswan Ruver Tlow . } (&) 800 80 4,000
Flow and Storage . (1) 1,400 60 5,500
{6} | Um Tru Riser Tlow Storage ] (0] 237 200 3,100
Flow only () 170 130 1,450
Tlow (w) “ Falla combined. Power
| lessthan above separato
i developments.
ToTAt 109,070

() Cherrapunpr Plateau~The latent possibilities
of this plateau, famous for its enormous rainfall, were
referred to under the lieading of the Shella River in
the Preliminary Report, page 67, and also i the
general{remarks on Assam on page 10. The plateau
Las now been examined, and, despite the great fall
of over 4,000 ft. which exists to the plains, proves
somewhat disappointing at first sight in the reconnais-
sance reports. The hills are situated in an area subject
to severe earthquakes, which renders really high dams
out of the question. Any dam built would clearly
have to be of reinforced concreto; even so, while the
danger of actual destruction would be practically nil,
there would perhaps be some chance of fissuring, At
the present day, however, one finds it hard to believe
that a hollow reinforced concrete dam cannot be
designed up to 100 or 120 ft. in height with perfect
confidence. Unfortunately the plateau has only one
moderately good reservoir site; all others examined
give but small storage capacity, as the slope of the
ground is considerable. This area has been mooted
as o powible source of power for electro-chemical

industries, and Mr. Blenkinsop therefore examined its
possibilities both as a source of continuous power and
from the point of view of the six months rains period.
It 15 however certain that no project working for only
six months could supply power at the price required
for ‘electro-chemical work, No other outlet for power
is in sight.

Six possible reservoir sites for spillway dams have
been examined mn the area covered by map 78 O/11,
which is available on the 13-inch scale. They are as
follows :— :

TapLe 20 —Storage sites at Cherrapunyi.

Helzht
steaht | tengn | T Lo Cateh- ot | coper
. i Rt I, o | Y
R I R Il P R
miic, 1

Ve Sobghi 1 . 00 T00 5,461 i4 3 34
Cwdohphi 2 o 50 20 | 3370 r 3 2
Lavrynzew w0 wey | 501 2 5 43
Luttyudop o R0 | 2000 | 522 | T 5 70
Mtatong N B0 1430 40 2 162 & 189
W 150 ERTN 1 3 ve
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A map prepared on a scale of 4-inch to the mile
shows thece sites The two Um Sohphi dams are
in the Um Pynjngithuli stream, above the Laitryngew
site; there 15 ample run-off for all The Pomdaloi
site is further down the same stream.  The Laitlyndop
site is on the parallel stream to the West but 1ts stored
water can be put mto the Pomdalot reservorr  The
Raitong <ite 1s on the Um Long, to the East. but can
similarly be jomed up to the Pomdalo

The schemes prepared by Mr Blenkmsop are as
follows :—

First alternative —For the “six months” project

Jr. Blenkinsop proposed to use the two last reservoirs
in the table, the storage 1 which would merely supple-
ment the ramfall on deficient davs during the six wet
months The lengest drv period recorded n this
season 1s eighteen davs The run-off on 330 mnches
15 about 600 m ¢ ft per square mile, which on these
two catchments of 5 33 square miles gives an average
run-off durmg six months of nearly 200 cusecs But
single falls of 20 and 23 inches oceur and over 30 mches
have fallen 1n a dav  Anv such fall would be far m
excess of the reservoir capacity , 1t would not there-
fore be possible to depend on utilizing the mean run-off
The project prepared would allow 180 cusec from
storage for eighteen dry days  An open channel 7,000
ft long would lead to a forchay near the edge of the
cliff, but the pipe ine to utilize the whole fall of 4,080
ft would be 20,000 ft long. It 13 very doubtful
if 5o long o pipe lme would be practicable on such a
head; in any case it would Le absolutely prohibitive
in cost. The power would be some 48,000 kW
Sor six months only  With a shorter and more practic-
able pipe line, and a lower head, the proposition would
not be much more favourable This scheme may be
considered as useless.

Second allernative —Of gll the six reservoir gites that
at Laitryngew is by far the best Mr. Blenkinsop’s
second alternative is based on this reservoir, but should
it materialize the other reservoirs could eventually
be inter-connected with it During the four driest
months (November to IFebruary) the natural flow
is very small; the mean monthly rainfall is 1-3 inch
only, out of some 400 inches per annum, The Laitryngew
storage of 498 m. ¢. ft will give 40 cusees throughout
these four dry months, and will collect such showers
as occur ; the run-off is exceptionally high at all times
Tor the rest of the year, with the reservoir to act as a
regulator, o much greater discharge can generally
be obtained. But in both March and October the
rafufall Las been known to fall practically to zero,
5o there s some uncertainty about the assumptions
made above,
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During the rains water only comes into question as
regards the spillway. The Laitryngew reservoir is
3} miles away from the edgo of the chff, and there is
a fall of about 1,000 ft in this distance; a further
fall of some 3,770 {t. occurs in 4 miles from the edge
of the elff. The reconnaicsance and map do mnot
mdieate the route examined nor the locality suggested
for the power house  Unforfunately a pipe line of over
7 miles m Iength, as propesed, is out of the question
and this project will need to be completely recast, to
render 1t in any way practical.

Probable method of devclopment—If this project
18 to be utihized 1t must certainly be on different lines
to those proposed, and in stages Examination of
the existing contoured maps indrcates possibilities;
although the clmometric contours are * approximate *
only, they arc generally found to be very fairly accurate,
For the descent of the great cliff into Sylhet the best
route is almost certainly one mear the existing foot-
track, but on the left bank of the Um Sohkhylleng
instead of the mght bank, ending up at Therriaghat
R. L about 100 ft. It 1s perfectly clear that the
development must be in stages, and these stages can
only be determined by levelling over the ground. The
object should be so to lay out the plan that the most
favourable stretch can be actually developed first,
without preventmg other falls being developed as and
when required, unless it is decided to initiate electro-
chemical works on a large scale right away.

(i) Starting therefore from the proposed dam 2
miles W. of Laitryngew, on the Um Pynjngithuli, at
R. L. 5,300, an open chaonel could be taken along
the L. bank for just over a mile, where a fall to about
the 4,950 ft contour could be obtained (350 ft)
back into the stream at the Pomdaloi rescrvoir site.
This small fall, and therefore the channel feeding jt,
should clearly wait until it is wanted; meantime the
water from the upper reservoir would simply run
down the bed of the stream to Pomdaloi, The dam
at Pomdaloi, 4,885 {t, would in any case have to be
constructed as a pick-up weir, but its additional o
m. ¢, ft will be useful. It is very doubtful if ¢ would
ever pay to develop the 330 ft. fall except poesibly
in the form of an * automatic subsidiary plant.

(it} From the draw-off level at Pomdaloi, ap open
channel would have to be constructed (in ¢, fret
instance) along the 4,900 ft contour, or tlezeyl,uy
towards Cherrapunji, trossing the two Lragct., o the
Um Long by culvert or syphon agd arriviz (afeer i;
sccond crossing) at mile 30} of tle majy ,})_d‘ .(TL;
contours on the map do not quite agree wj.p the Jevels
shown in the reconpaissance report, but f1a,, E:e‘dﬂh—l‘
for survey.) Thence the open chaene] wenld I‘““"J
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round the Northern half of the town, on the W. side,
probably ending up 1 mile W. of the spot level 4,607
in the N. part of the town, bubt at about 4,900 ft.
The Raitong rescrvoir, when constructed, would
ischarge into this channel.

(iil) At the termination of this channel, which wiil
be some 4 miles 1 length, a forebay of sufficient size
for regulation will be essential; some 300,000 c. ft
at least. From here it is impossible to follow
the contour lines clearly, but the object is to arrive
at a point on the road near Mawsmai village, in the
corner of the N-E. square of map 78 0f12, at
about R. L. 3950. The distance as the crow flies
is 3 miles, and the fall about 900 ft. nett. Such a
pipe Iine would be prohibitive. But the fall from
4900 to 4330 ft or 550 ft in 1 mile, to a point on the
Laitkynsew branch road % mile W. of the Post
Office, could possibly be used if needed i this head
{or more) can be obtained with a reasonable pipe
length it would make a good begmning.

(iv) A difficult mile from the last-named pomt
would apparently have to be negotiated in order to
get to the stream bed flowing to Mawsmar village,
while avoiding the stream to the East of 1t. There
is little doubt however that 1t can be done, m channel
and tunnel. Having arrived at this stream its bed
would be utilized up to a pick-up weir immediately
W. of mile 36 of the road, where two branch nalas
jomn at about R, L 3650  The 700 ft of head here
involved would have to be cascaded mn all probability,
Lut this can only be deaded by survey. It may bo
possible to utilize it,

{v) From the mick-up weir at milo 36 a fall from
3,650 to 3,000 ft. or 650 {t can be obtamed with
1 mile of pipe. It scems probable that this would be
the first good development to undertake, unless No.
(iii) sbove proves feasible, In the latter case the
difficult mile of channel in (iv) would be avoided for
the time being. The poner house site would be at,
or just short of, nule 37 on the road, the pipo Jine
running cloce to the rond on the West.

(i) Thence an apen channel of about 1 mile would
run along the 3,000 ft. contour (approximately)
to where it crosses Long. §1°15°, ot the boundary of
maps T8 0/12 and 16. Here the large falls begin,
Trorm this point & pipe line § mile long, down or through

the diff, would give a fall from 3,000 to about 1,500
ft, or 1,500 ft., to the S-W. corner of Sohber
sillaze, where a powcr station would be placed.

(vii} Trom the latter point an open channel of §
tnile would reach a point 3 mile, 8. of tho spot
Teved 1,878 (Sobbar), nherea fall from 1,500 to 100 ft.,
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or 1,400 ft., could he obtained to immediately above
Therriaghat, with & pipe line of about 13 mile.

Stated in the above form, which priméd facie offers
the only practicable solution of the problem, the omens
are not favourable; but nevertheless the final results
may be better than they look at first right. The
possibility of 5 dry months must 1 ¢ faced, as mentioned
above, though the contingency is seldom likely to oceur.
The storage at Laitryngew will give 100 m. c. ft
per montlt for five months or say 33 cusecs after
allowing for losses. Pomdalor will give another 7
cusecs, and must (a3 explained) be constructed at the
same time. To this 42 cusecs it would cventually
be possible to add the yield of the other 4 reservoirs,
namely a further 20 cusees; whether this would pay
is a matter for further examination, but it is essential
to determine whether the open channels are to carry
42 or 62 cusecs. The minimum power available, on
the plan outlined above, can now be determined;
while the power for 8 or 9 months in the year would
t ¢ enormously greater.

Tanre 21.—Power from Cherrapunfi plateat.

T
$ertion Ftow In dry Fon(m ous
Location 1" saonthe ead, Tower,
rroject ensees Wy
(1) | Laitryngew to Pomdalol 35 ) 50 1800)
{i) | romdalei to N of 42 Open channel N
Checrapunpl
n} | To poist named, W of | 62 550 2,200
Toot offico (with othr
Tstraolrs brevght )
G9) | Tomites6orrosa 62 e Xy
okrazel
and budlof
stroam
) | 3l 26 to mile 57 . 4] 630 2,700
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Thus about 4,450 ft out of the total fall of 5,200
ft. from the main reservoir could probably be utilized
to produce some 17,600 kWs. continuounsly; or,
using the bed of tlie stream in place of (1), nearly 17,000
kWs. in two large and two small interconnected
power stations, This block of contmnuous power is
suflicient to be worth serious consideration for electro-
chemical purposes. It i3 well worth surveying in
detail, so that estimates can be drawn up. Althongh
an alarming variety of works are contemplated, reminis-
cent of the original Silewani Ghat scheme, there are
no outstanding works of great cost involved. It would
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prohably not be necessary to duplicate all the plant
with spare; the capital charges on such jdle plant
would be far greater than the loss of revenue from
an occasional temporary breakdown of machinery.
This much may be hazarded On electro-chemtcal
work, where the load factor of the plant would be about
82 per cent the umts generated would be 17,000X 5%
X24% 365 or say 122 puthon per annum. The works
wounld be mesr-by and for rough purposes we may
take 1t that 110 million would be utilized Ata cost
of one-tenth of an amna per unmtt this would come
to practically seven lakhs of rupees Capitalized at
14 per cent to cover all charges and working expenses
this would be equivalent to a caprtal cost of 50 lakhs
In these davs an overall cost g0 low as one-tenth anna a
umt is not easils obtamed and of the project could
be carried out for 55 or even 60 lakhs 1t would pro-
bably prove remunerative The 50 lahbs represents
about Rs. 300 per kilowatt of cortinuous load. swhile
60 lakhs would be Rs 350—not a high figure, 1f 1t
proves a possible one  In a case like this 1t would not be
neceseary to nstal much more plant than s represented
by that load, unless further plant were mnstalled to
use the great excess of water in the 8 wet months

Finally, the 90 ft. dam at Laitryngew would have
a water spread of 123 m sq. ft. An extra 10
feet only m height would therefore give at least an
additional 130 m. c. ft. or 9 cusecs, increasing the
total power by one-seventh. Cannot an earthquake
proof reinforced dam 100 or even 110 ft. high be
designed ? The answer must surely be in the affirm-
ative And there will be no difficulty mn filing it.

(2) Hulong Valley, Patkas range, Nongyoung Rier—
The possibilities of this remote valley, some 30 mules
E of Marghenta, in the confines of Northern Assam,
were brought to notice in connection with the northern
route proposed for the Assam-Burma railway connec-
fion. A map of the area on the scale of 1 inch=4
miles has now been prepared, and a i has
been made for power. The results are heyond expec-
tation, as some 90,000 k p. is found available at one
site.

The Nongyoung River is a tributary of the Loglai
River, which joins the Turong Ko {or Tarong) and
the Chindwin  The site is on map 92 A, S.-W,
but 15 not clear on the 1 millionth Atlas sheets. The
catchment arca is 134 squarc mules of which a large
proportion is & swamp, betneen Maium (shown m
Atlas) and Mongseang Lake. The Patkai rango at
Maium has & trigonometrical station R. L. 6,850,
overlooking the site  There is a ramfall station at
Namchik (N of the ares) where the precipitation
from March to October 1920 was 80 inch, A tank
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gauge was placed in the catchment at Nongyoung
Camp and recorded 13:3 inch between 16th March
and 7th Apnl, 1921, in 22 days; during the same
period the Namchik gauge, 40 miles distant, only
recorded § mch. The lake catchment probably gets
much heavier ranfall as the steep range bounds it
on the N and catches the current from the 8.
The hills round the lake site are very steep and the
distance the water has to flow averages only 2 or 21
miles  Tho soil is largely clay with big jungle trees
and little undergrowth. The run-off will therefore
be extremely ligh, especully as rain falls almost
throughout the year and the ground is always sodden. *
Mr Blenkinsop estimates a run-off of 80 per cent.,
and though exceptional this is probably justifiable.

The northern rain gauges in the Upper Chmdwin
valley, some 50 to 100 miles 8, show average rainfall
from 70 to 90 inches, the months of December to Febru-
ary giving comparatively little fall. The Dibrugarh and
Margherita gauges have averages of 112 and 102 inches,
with November and December each under an inch.
The Naga Hill gauges similarly show about 100 inches.
It 15 very unbkely that the catchment will have a
Jower average than 90 inches or minimum of 75 inches,
The average total run-off is therefore probably about
23,000 m. ¢. {t and the minimum aboui 19,000 m. e.
ft. It is probable that these estimatcs are too low.
The project will be purely a storage one, in the sense
that & great lake will be formed into which and from
which the whole supply will be taken. Owing to the
great natural swamp or lake a dam only 50 ft. Ligh
and 450 ft. long will impound 50,000 m. c. ft. of
water, Thus, when once filled, a huge carry-over
will be available, and if the actual run-off exceed
expectations the power will be greater than is anti-
cipated. The whole submerged area is a swamp,

Two alternative methods of development are
suggested ; one employing an open channel 7 miles
long to a forebay, with a pipe of 2,000 ft. in lensth
and a head of 1,000 ft. on the § side of the Patkai
range ; the other employmg a pressure tunnel through
the waterslied (on the hnes of the Andhra Valley and
Sutlej River works) to the N. side of the range
(f¢, into the Brahmaputra catchment) and a pipe
line 4,000 ft. long, giving a head of 1,700 fi. The
length of the vunnel is 8,000 ft. only, and as it doubles
the power available there can be no question that it
is the correct solution for this fine project. A surge
tower at its exit would of course be essential.

The storage can be depended upon to give at least
600 cusecs throughout the year, so that the ton!imm'us
power available i 600x1,5700115 or 63,000 k'\\s‘
Probably the extra head due to the average heizh

:
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of the water above the tunnel should be added to the
1,700 ft. given ; at any rate it will more than balance
the losses.

If the Burma-Assam rallway were constructed on
the northern alignment it would pass the site of the
power station ; if the power project were carried out
1t would be necessary to build either a road or a ralway
to this point. But electrical working of sich railway
would not necessarily be adopted, with coal aval-
able Jocally and so little traffic it would probably not
pay wnder ordinary conditions It would however
pay to work this short section, if the power scheme
were developed for some electro-chemical process
That is, in fact, the only possible outlet for the power
1f it were used the traffic both ways between the works
and the present railhead would be constant and heavy,
and as the gradients are steep clectnfication would
then unquestionably be necessary.

(3) Matbang Ruver, tributary of Kalang and Brah-
maputra —This project 1s near Maibang station on the
Assam-Bengal Railway, map 83 G/3. It 13 unlkely
to materialize at present as it wounld submerge both
part of the railway (mvolving a not very expepsive
diversion) and Maibang willage Nevertheless the
project has good points and should be placed on record.
The site was noted by Mr. Barlow when passing
through from Haflong, and is referred to on page 67
of the Preliminary Report

Levelling shows that the most favourablo develop-
ment would be a double one, with an upper reservoir
feeding 8 Jower reservorr through its power station
and % second power station below. These stages
could be developed separately.

The rainfall at Haflong averages 81 inches ; this hull
rtation is at the top of the catchment area of 80 square
miles, whick precumably applies to the tpper reservoir,
though the fact is not stated.  Mr. Blenkinsop estimates
the minimum run-off as 6,500 m ¢ ft Discharges
in November and December 1920 averaged b} cusecs,
to the flow probably ceases in the spring and storage
is the basis of the project

(i) Upper site —The upper re-crvoir site is at
mile 321} of the railway and involves a dam 1,500 ft.
long and 100 ft, Ligh with a capacity of 3,000 m. ¢
ft. This will give rome 90 cusees throughout the
year. The excess run-off will spill over and be
impounded (eventually) in the lower reservoir. From
this upper rescrvoira flume 53 nules long leads to »
forebay above the site of the lower reservoir. MMr,

Blenkinwop proposes to place the upper power house

inside the luwer (hollow) dam, but this appears both

unnecessary and  undesieable; unnecessary  Lecause
such special construction is only adopted when no
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other alternative site offers, and undesirable because
the second dam would not otherwise have to be bwlt
for some years, It would clearly be preferable so to
place the upper power house near the lower site that
thie tail waters from the draft tube will (eventually)
fall into the lower flume ; but the power house should
be independent of the dam. The sketch plan shows
the bed level at thg upper dam site to be 1,078 ft.
and at the lower dam aite 876 ft., giving a gross head
of 202 ft. plus the average height of the water above
draw-off level. If the draw-off level is 30 ft, up the
mmimum fall will be 232 tt. and the maximum 300
ft. or a mean nett head of about 260 ft. The report
gives 182 ft. only, as oltained by levelling, but the
discrepancy is not explamed. The pipe line will
{1t is said) be 300 ft. long; if the sketch plan is correct
it will perhaps be longer to give a fall of 202 ft. The
power available will be about 90x260/16 or 1,560
kWs. continuous. -~

(1i) Lower site —The lower reservoir site is at mile
328 and is proposed of the same dimensions, with a
capacity of 3,500 m ¢ ft, giving a constant discharge
of 105 cusecs The estimated minimum run-off is
more than sufficient to fill both reservoirs, and if
gaugieg and more rainfall records in the catchment
show higher results the reservoir sites are capable
of much greater capacity. Some further carry-over in
the lower reservorr 1s in any case desurable  From this
reservoir an open channel 4% miles long is required
to reach the forebay at mule 333} on the line. A pipe
line of 400 ft. then gives a fall of 200 ft. to a power
house below the railway tunnel at mile 333}, The tail
race of the upper station will ultimately discharge into
the open channel of the lower one, thus giving a total
constant discharge of 193 cusecs and power of
195x200/15 or 2,600 kWs. continuously. The draft
head appears to have been left out of account at this
lower site, and probably at the upper site also; it is
stated that the power house site is *‘ quite safe from
the highest floods” so that, when the floods are
regulated and modified by the dams, probably a
further 20 {t. or more of head may be available.

(iu) Further power~—1f the above storage reservoirs
were built (apart from their direct power) the whole
reach of the river below from about 800 ft. altitude
down to the plains level of 300 ft. could also certainly
be developed by lifting dams At the lowest compu-
tation an additional 190x400/15 or 5,000 kWs. could
thus be obtained at small cost.

(4) Skillong : Um Kra and Um Shirpi.—These two
small nalas were investizated many years ago; see
Preliminary Report, page 67. A natural fall of 590
¢t is available and with both streams joined up it
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is probable that 150 to 200 kWs, contmuous could
be obtammed. If gaugings have been continued since
the earher investigation 1t should now be possible
to say what the actual mummum discharges are.
Sufficient regulation to meet peak loads 13 possible.
(5) Someswart Ruer, tributary of Brakmaputra, Garo
Hills —Two projects have been esammed wn this
nver ; the upper one in the stretch from Jankeray to
Syu (map 78 K{11, 15) and the lower near Bagmora
(map 78 K/11,12) See Preliminary Report, page 68
and Second Report, page 65
Upper sute.—This 18 reached from Jhana Jhanjail.
From Syu up to the junction of the Rangkhai tribu-
tary there 1s an ascertamned fall of 77 {t. wluch can be
creased by 58 ft. and (apparently) by most of a
further 34 it which 1s the height of the power station
site over the stream bed , by dropping the site some-
what and utibzing the draft head it would seem that
at least 160 ft. can be obtamed The levels from the
Rangkha: junction to Jankeray have not yet been
determined exactly, but aneroid levelng indicates
a toral fall of 180 ft. from the Jankeray to (apparently)
the power house site at Siyu; if this 18 correct the
avadable fall 1s 210 ft. gross or about 200 ft. nett,
and this figure may be taken, The reconnaissance
form (Second Report, page 20), under item III, asks
for—
(1) Approximate gross height of natural waterfall.
(i) Approximate gross height of artificial fall
or of ratural fall increased by extra head
obtamable above or below the same.
Sub-head (1) s clearly not intended to apply to
scattered rapids, the two rapds m the Um Tru in
this sectron of the report are practically waterfalls;
but the Someswan does not appear to have any water-
fall proper. The reconnassance form gives (i) 77 ft.
(i) 51 ft.; but (u) must clearly always be greater
than (i) by the extra head obtamable. It is not clear
A{ the available head 1s 51 ft,, 77 ft., 128 ft., or 162 ft,
with the draft head, or 180 ft.
The scheme would mature on matural flow, with
only regelating storage. The discharge d
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on the L. bank over difficult country, involving some
tunnelling and bridging of nalas, ending up in a small
regulating reservoir and forebay (preferably combined)
above Syu. -The power house site chosen is 34 ft.
over bed level, but it 13 not clear if this is included in
the fall shown or not ; clearly most of it can be utilized
by draft tubes. It seems probable that the cost of &
flume for the whole distance would be very high, and
that not more than about 80 ft. can be economically
obtamed In that case the power available will be
about 800x80/16 or say 4,000 kWs. continuously.
The catchment of the Rangkhai 1s comparatively small
and 1t may prove that the fall between its entry and
Jankeray 13 more easily manageable

Lower site —For tlus 1t is proposed to build a hiting
dam 3 mules from Bagmora, 100 {t. high and some
660 ft long. Tihus would give a lake of some 14
square mules waterspread and using the top 20 ft. for
storage a supplementary 420 cusees would be obtained
for the 6 driest months. The minimum discharge is
about 1,000 cusecs (possibly 1,200) so that 15400 eusecs
could be assured. The submerged land will be mostly
agncultural, with 12 wvillages; surplussing would be
over the dam, which is caleulated to be long encugh
for the purpose. It 13 proposed to use the interior
of the hollow dam for the power station. The carrying
out of this scheme is rendered unlikely by the fact that
the projected Bagmora-Sipr-Jankeray railway ia
intended to run in what would be the submerged
area. With a head of 60 ft. between low water
level and tail race level (rising to 80 ft. or more at
times) the minimum power available on 1,400 cusecs
15 5,500 kWs. continuous.

(6) Um Tru River, tributary of Brakmaputra, Burnihat,
Khaswa and Jaintic Huls—In this river, a few miles
upstream of the Gauhati-Shillong road bridge, there
are two series of rapids (almost amounting to water-
falls) with a level stretchk in between. Thewe falls
were referred to in the Preliminary Report, page 63,
and the result of a first rough reconnaissance was given
on page (30 of the Qct:nml ].eport The river has Leen

g ined now and a number of alternative

on Gth May 1921, at Syju, was 1,150 cusees after several
practically dry days, and the catchment is such that
the previous rainfall will have almost entirely run off.
The estimated annual run-off from the 514 square
mules of catchment is of the order of 70,000 m. c. ft,
and the minimum discharge is likely to be about 800
cusecs, There is rain in these hills at all times and
seasons, averaging well over 100 inches in this area,
lhe hendworks would be near Jankeray, where a low
diversion dam and regulator will be necessary. An
open flume (probably timber) would run for 6 miles

schcmes ha‘.e been worhed out roughly, There are
no long period gaugings availible, but the lowest
record in 1921 was 170 cusecs on 3rd March.  As the
season was exceptionally dry this is probably not far
off the actual minimum di~charge. The catchment
area nbove the rapids is 390 square mules. There are
no raingauges within it, but a tanl gauge has now
been fixed. In any case the annual run-off, estimated
at about 50,000 m. c. ft. mimmum, is such that rot
more than a minute percentaze of it can be stored.
Above the upper rapids only small regulatirg etorage
-
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(15 m. c. ft.) is possible with a 60 ft. dam. This
therefore practically limits the upper rapids or a
combination of the upper and lower rapids, in a single
scheme, to the minimum flow of the river. The level
stretch between the two rapids is more favourable
for storage and allows 8¢ m. c. ft. to be impounded
with an 80 ft. dam some 420 ft. long only.

From the longitudinal section prepared it appears
that the high flood reduced level, below the lower
rapids, is 188 ft. At the site of the lower dam,
at the top of the lower rapids, 6,800 ft. upstream,
the bed level is 344 8, giving & drop (apart from any
dam) of 156 ft. (as agamst 136 ft. in the report).
There follows a long pool and mmor rapids above
here, for a horizontal distance of 7,250 ft.. where the
bed level is 3663 ft. The bed level at the site of
the upper dam, above the upper rapids, is at 494 ft.
and 5,300 ft. above the last-named spot. The upper
rapid therefore has a natural fall of 434—366 or 128
€6, (as against 10f ft. in the report) The whole
natural fall from the upper pool to X. F. L. below the
lower rapids s 494—188 or 306 ft. The discrepancies
between plan and report appear to be due to neglect
of the draft head, the plan 1s correct

The alternatives that offer are mteresting,

(a) Lower rapids only—Net head say 150 ft. {1} On
flow alone, power available 170x130/16=1,700 kWs.
continuously. (1) On flow, with a low dam above
these rapds stormg 16 m. ¢ ft. which would give
sufficient regulating storage to enmable a high peak
load to be met. (in) On flow, with a lugher dam
(80 ft.) giving 84 m. e. ft. storage, which would
supplement the supply in the two driest months, vz,
February and March Here the average head would
bo with the dam about § full (most of the storage
being at the top) and the head would be 150+3 of
80 or say 200 ft. With 237 cusecs the power would
now be 3,100 hWs. continuous—a far finer proposition

than subheads (1) or (i1).

(U) Upper rapids only—(i) Tt must be assumed
that the lower dam will be built, if the two falls are
to be separatively developed ; in that case it is certain

that the lower dam would be constructed first of all.:

Therefore the upper fall will be from 194 bed level
to 421 6 at the crest of the dan 7¢, 70{t., or a little
lexs at tlood times. The power available on flow alone
will be 170X70/15 or 800 KWs. continuous (ir)
With a very low dam, to store 5 m. ¢. {t only, there
would be little gain. (i) With a 60 ft, dam, storing
13 m. ¢ ft, the head would be rai-ed to 130 ft,
The extra storage might be useful, but thesextra head
would probably be more useful, so the reseroir would
be werely trested as a silt trap bebind a Lfting dam.
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The power would be 170X130/16 or 1450 kWs.
A plus B with separale developments can therefore
give 3,1004+1,4560 or 4,660 kWs. continuously, and,
with the lower storage proposed, any load factor or
peak load could be met within reason, so long as
the total energy developed does not excced 4,550% 24
umts per day. :

(¢) Both falls combined—(i) On flow alone, taking
the net head as 287 ft. (as in the report) the power
available is 170x287/156=3,2350 kWs. continuously;
with the small storage above the upper rapids any load
factor or peak load could be met so long as the average
power required in the two dry months does not exceed
the above value. With the 60 ft. dam proposed under
head B (iii), and 15 m. c. ft. storage, the discharge
durmg the two comparatively dry months could be
slightly increased (a matter of under 3 cusecs) but
an extra 75,000 wnits could be genersted over and
above that which the mmmum flow could give. Here
the storage would be more valuable than the extra
head.

The above discussion makes it abundantly clear
that the combined development would be inadvisable.
The total amount of power obtainable by it (in kilowatt
years), on the basts obtainable in the two driest months,
is actually less on the combined fall than en the two
separate falls; but the initial capital expenditure
would be much greater. The lower rapids in fact
form a very favourable scheme in every way, and if
the demand should rise beyond the capacity of the
site the upper rapids could be harnessed at a later
date, as a useful supplement.

Considering the lower rapids in greater detail,.it is
quite clear that this excellent site would be irretriev-
ably ruined if its possible regulating storage ecapacity
were not utilized to the full. The proposal to build
a 16 ft. dam 200 ft. long and storing 15 m. c. ft.
should not be encouraged. With an 80 ft. dam 420
it. long, offering a far better spill-way for the great
floods which occur, 84 m. c. ft. would be obtained.
This is the useful capacity above draw-off level, which
would have to be about 20 ft. up to allow for silting.
It is not stated if this is the practicable limit of height.
From the reservoir the alternatives are cither an open
channel 10,000°ft. long, with a short pipe line of 560
ft.; or along direct pipe line alone, of 7,500 ft, with
& surge tower above the same short steep fall at the
end. (It is not clear if the 7,600 ft. includes or
excludes the 560 ft. of pressurc pipe.) The latter
has the advantage of utilizing the (variable) head in
the reservoir between draw-off level and actual level ;
this will vary from nil up to 60 it. (on an 80 ft. dam)
when the power is fully used, but the whole 60 ft.



Para. 79.]

will be available for 10 months in the year and for the
remaining twe months for some time to come. It is
therefore plain that the proper method of develop-
ment is to take a single closed piffe (probably of rem-
forced concrete) from the reservorr along the hill side,
at httle more than the hydraulic gradient, up to where
the shortest pressure pipes for the wheels can be lad
down, at the junction a surge tower would be required,
but this would not need to be vertical, 1t would be
1aid up the hill side to an open tank (both surge tank
and forebay) of sufficient capacity to meet the vama-
tions of velocity 1n the pipe hne from no-load to full-
load. The arrangement would m fact amount to an
inverted syphon feeding the forebay. except that
the steel pipes would not need to be taken up to the
forebay but would orgnate at the junction pont  The
heght of the chosen site for the power house 1s 20 ft.
above stream level, this will of course be utilized by
draft tubes. The actual gross head will therefore
vary between 176 {t. and 236 ft. accordmg to the
condition of the lake, for the purposes of the con-
tinous power available the head may be taken as
200 ft nett, as above, giving continuous power of
3,100 kWs,

The case 15 an interesting one from the pomt of
view of the plant which can be mnstalled, and has been
used as an example of regulating storage, worked out
graphically, 1 para 28 of this Report.

79. Baroda ; sites examined ; the Sankheda
Taluka Project (Orsang, Heran and Unch
Rivers).—(Second Report, page G0) This project,
drawn up by Mr A Loving, was exanuned by Messrs,
Bull and Mcares 1n 1920, and reported on as feasible.
The site is 24 miles from Baroda, where a considerable
demand exists; 1t is on map 46 F/11, 12, 15, 16, The
ares is subject to great deficiencies of rainfall, and the
project depends mamly on storage, some data are
available from the canal works which take off at Jojwa
headworks, adjomning the proposed works. A storage
of eome 7,000 m. ¢. ft. has been surveyed, to be fed
by the 3 rivers named, by means of short canals,
cutting through the low intervening water-partings.
The problem turns almost entirely on whether there
will be sufficient carry-over in a bad series of years,
It appears probable that at rare intervals there “will
be an insufficient carry-over, but if the project can

supply power morc ecconomically than 13 possible
with fuel for 19 years out of 20 a reserve plant could
be installed to meet the contingency. Into the main
storage, which is on the Unch River, the smaller
reservoirs on the Orsang to the N. and the Heran
to the 8 discharge; these small reservoirs will
function mainly by intercepting minor floods and
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diverting them to the main storsge. Such floods,
commg down from the Chhota Oodeypur hills, are
severe ; the catchment of the Unch itself is compara-
tively small, but it offers the best storage site. The
catchment areas at the dams are :—Orsang, 820 square
miles ; Heran, 391 square miles mostly in the hills; Unch
167 square miles. Ramfall records for 41 years are
available at Sankheda, while at Jojwa and Chhota
Oodeypur they are available for 15 years and Shivraj-
pur and Chorangla have shorter records. An average
annual fall of 42 inches is estimated, with a maximum
of 66 inches and a mmmmum of 133, except in one year,
1899, when Sankkeda recorded 6 inches. Mr. Loving
estimates the average run-off to be some 70,000 m. c.
ft but a mimmum of 4,000 m. c. ft. on 13} inches
of ramn and practically nel 1 a famine year such as
1899  Unfortunately the storage will only carry a
fraction of the average run-off, and great floods will
have to be surplussed Even so the interconnecting
canals will require to be of very large capacity.

At the mam dam site a head of only about 75 ft.
can be obtained, 1t 15 & question of estimates whether
this should be used or the larger head obtainable as
presently explained. The Orsang drops about 6 ft.
a mile below the Sankheda dam site, and the possi-
bility was considered of piping the supply for some
10 miles to where a fall of 140 ft. is obtainable back
to the river This was surveyed and turned down by
Mr. Loving on the score of cost, probably correctly.
If however a hght reinforced concrete pipe line could
b3 run on a suitable small slope for most of the distance,
up to n surge tower or elevated reservoir of sufficient
capacity— and it would have tobe very large indeed—the
proposition is a possible one.  There is however another
alternative which Mr, Loving adopted in preference
tothis e proposes to run a canal as far as the ground
allous, to between DPipalsat and Aritha, near where
the 140 ft. fall would otherwise be obtainable by
pipes and the dam head ; but with the canal the head
avallable would only be 80 or 90 ft. From here
howeser a sandy valley, with small nullabs, runs donn
to the Orang some 6 miles further down. The zlope
is quite gradual, but Mr. Loving’s examination satisfies
him that this valley could be deepened by hydraulic
sluicing from the canal. In this way a tail race channel
conld be made to earve itself out, and the power station
could then Le placed at the termunation of the canal
The idea is a bold one, but hills have before now been
bodily removed in this way, (The writer saw such
a work in progress in Seattle a few years azo.) No
doubt many difficulties would be met with, but if
trial pits prove the ground favourable the process
would be auntomatic and rapid. A cootiguovs dus
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charge of 550 cusecs or more down a stecp slope would
unquestionably remove anything it met with, and
as the banks collapsed the channel would widen out
until stable slopes were obtained In this way a head
of 110 ft. would be obtainable. Mr. Loving estimates
that, except in the most abnormal ycars, he can obtain
550% 110/15 or 4,000 kWs. continuously.

A point in favour of this scheme is that stone, sand,
kunkar and suitable earth are available at the various
sites, while the railway rups within 13 mules of the
three dams. Mr. Loving’s provisional report 1s on
record with the Survey

80. Bengal ; sites examined.—IHitherto the only
sites in Bengal of which the examnation has been
defimite are in the Duars tea planting districts, 1n the
Jaldaka end neigbbounng streams. The possibility
of development here turns almost entirely on the
question of finng the tea leaf electrically, as to which
para. 48 of the Report may be consulted This
proposition was first serously mooted by Mr. A. II
Abbott of Octavius Steel & Co., whose interests in
this district are considerable ; 1t 13 also receiving atten-
tion in Ceylon The following summary shows the
main data of these schemes :i—

TapLE 22.—Bengal ; sunimary of sites examned.
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coreful levelling with two aneroids, both ascending
and descending, after applying all corrections, appears
to be 2,100 ft. within 50 ft. For the power station
Mr. Mathews considered that it would not be worth
while to go lower than the junction of the Naksal Nadi
(or Ma Chu on the maps). The elevation here, similarly
determined by the present writer, was 1,130 ft. at
a point 1 mile above the junction, or say 1,100 ft.
at the junction, with the same probable error.
Although these figures may be incorrect as reduced
levels (being based on Domohani station) the difference
is bikely to be correct within 20 ft. or so, The gross
fallis therefore about 1,000 ft. Mr. Mathews checked
the levels with a single aneroid, but it was not clear.
from his report whether the corrections (often amounting
to well over 100 ft.) were applied; he took the gross
fall as probably not less than 850 ft., which is certainly
too low , subsequently he raised his estimate fc\l,OOO
ft. )

As regards the munimum discharge of the mnwver,
M. Kimg, Executive Engmeer, Duars Roads, made
careful measurements in the lawer reaches mear the
ralway in March, 1919, and found only 231 cusecs
there The season was an exceptionally dry one.
A month later the present writer and Mr. King gauged
the Jaldaka, the Ne Chu and the Bra Chu and found
137, 32 and 20 cusecs respectively, or 189 cusecs in all.
The probable error is copsiderable, as there was no
satisfactory site for the work, but the result accords
well with the earlier determination some 15 miles down
In December 1919 Messrs. Mathews and
Allan measured tho 3 streams and found 357, 251 and
181 cusecs in them or 792 in all ; but this larger result
would be expected so soon after the rains. The actual

I 1 Stintsuia | Mninum
Nature onstant Tead, «ontin
Berlat Lher ot fow rad ous
supply  mesbmed, power,
custes kW
_ an - stream,
[T EREANY How | 180 100 | 12500
(84 Moortee . " ‘ 0 130 T
(&2 t Ne Chu or Thedl “ a2 ! S00 1,050
; ToraL | 14,250
i

{1) Jaldala River, Duars District.—(See also Ne Chu
River)) The results of a preliminary reconnaissance
by the present writer were given on page 69 of the
Preliminary Report and in the Second Report, page
61, it wus stated that further examination had been
made by the General Electric Co (India) Ltd., to
whom o * Grant ” Las been made. The l-inch map
78 A/1G shows the ground.

A report was prepared for the company by Mr. T.
L. Mathews, M.Inst.C.E, Consulting Engineer, who
traversed the ground with Mr. J. D. Allan, Chief
Enzineer to the Company, It was decided. that the
beat pesition for the headworks would be in the main
ri\rr st Godak (or Gotau) immediately below its june-
tion with the Bindu Chu (or Bia Chu), half a mile
below the junction of the Jaldaha and Ne Chu {or
Thodi Nals). The eleration here, as determined by

discharge is obless importance than usual
on this project, as the greatest demand for power
would net come until the rains bring on both the tea
leaf and the discharge. Mr. Mathews considers that
during the ten scason the 50,000 kWs., estimated
to be required, could be obtained. The expected
load factor is between 30 and 40 per cent, so that
for the purposes of this report the continuous 24-hour
power available may be taken as 15,000 to 20,000
kWs. The absolute minimum may not be more than
12,000 kWs. in exceptional years; but, as stated,
this is immaterial for tea garden purposes.

The intake headworks offer great difficulty, o8
floods of at least 50,000 cusecs have to be provided
for, carrying boulders of 50 tons weight snd more down
the river; Mr. Mathews proposes to design so that the
floods can carry the boulders over the intake dam,
while the flume would take off from a compsratively
still water area ot the side, properly protected. The

.
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flood waters of the Bia Chu, comng into the Jaldaka

at the headworks site, and flowing at right angles

to that river directly towards the channel entry, will

tend to cause all debns to collect near the screens,

this will need consideration -

The flume has been designed to be m duplicate, with
s combined capacity of 1,200 cusces, of reinforced
concrete on the R, or British Bapk; thus on the
assumed net head of 850—30=820 {t. net each channel
would serve 32,000 kWs, while 1f survey shows the
head to be 1,000 ft gross each will serve nearly 40,000
kWs. A tunnel some 16,000 ft in length (out
of 40,000 ft of channel) 1s involved, for crossing
behind and under the Jal Ung (Jal Chu) and Rongo
Chu tributaries It appears that only a very small
regwlating storage is possible at the forebay, where
arrangements must be made for surplussing 900 cusecs
for an hour or so in case of a shut-down. Clearly
it would be preferable to have a forebay or regulating
storage of some 31 m e ft. (an hour’s supply at
900 cusecs) if a site could be found ; in order to con-
serve the 21 hour supply for use mamly in 8 working
hours far more storage would be necessary; on the
mmmum recorded discharge of 189 cusecs this would
come to 11 m ¢ ft The.advantage of this would
be the preat reduction in the size and cost of the long
flumes and tunnel, which might not only balance
out in capital expendltu:e but give the storage in hand
into the bargain.

The minimum power available continously is 189x
1,000/15 or 12,500 ks,

{2) Moortec River, Duars District.—A small project
was drawn up by Mr J Gordon of Sam Sing for his
company’s tea factories in Chulsa district. It was
to develop 1,000 b h p or say 700 kWs. under
a head of 150 ft TLe scheme lLas ro far not been
proceeded with, probably in view of the Jaldaka pro-
ject ; but thus latter {q. v.} is also held up now.

(3) Ne Chu (or Thods) River, Duars District —This
niver joins the Jaldaka at the point where the latter
cnters British ternitory, and during the investigation
of the main river (see preceding entry) by the General
Electric Co (India), Inmuted, it was found that the Ne
Chu would provide a good site for preliminary operations
on a much snialler scale than would be essential on
the Jaldaka The power could al<o be used for con-
struction purposes on the Jaldaka scheme. The Com-
pany estimates that the Ne Chu will give about 5,000
kWs. during the cold weather and 15,000 kWs.
during the tea manufacturing season. This, if sub-
stantiated, would suffice, they consider, to electrify
sbout G0 tea gardens and also to produce 5,000 tons

SITES LXAMINCD. 71
of nitrate of lime per annum ; the latter being required
on the gardens,

The headworks will be situated about 2 miles above
the river junction ; thence an open flume of 800 ft.
and a tunnel of 6,500 ft. will lead to a surge tower
on the hill side above the power station site, which
is on the banks of the Jaldaka oppostte where the Bindu
(Bia) Chu jowns 1t. With a pipe line of 1,000 ft. a
nett head of 500 ft. is obtamable. The tail race will
discharge into the Jaldaka above the site fixed for the
headworks on that river, so that the water will again
be available for that development. The discharge
found in the Ne Chu by Messts. Allan and Mathews
was 250 cusecs in December 1919, and in March 1920
they judged it to be similar, after “ considerable rain
mn the Duars” On the other hand, in March 1919,
the present writer found 32 cusecs by careful float
measurement, so that the discharge cannot conceivably
have been above about 40 cusecs then. The scheme
drawn up however ignores this definite minimum and
assumes a minimum of 150 cusecs. The minimum
power avalable without storage may defiitely be
taken as 3")(500/15 or say lOaO kWs. as against
5,050 kWs. d by Mr. Math
The capital cost of the hydmuhc development up to
but excluding the powdr house is estimated to bo 7
lakhs for 7, 500 kWs. of working plant capacity.
To get this output requires 225 cusecs either from
flow or storage. Such an amount will probably be
available most of the time when it js required, but
on this scale the hot weather load will almost
certainly average more than the 1,050 kWe. minimum.
Furthermore, some storage would be essential to meet
the peak load at such seasons. It is very doubtful
whether the project is sound in the absence of consider-
able storage, for which however a site is believed to
exist.

81. Bihar and Orissa ; sites examined.—Hither-
to no projects in this Province can be said to have
been fully investigated. Mr. Stevens, the Executive
Engineer in charge of the Survey there, began opera-
tions; but he proceeded on long leave preparatory
to retirement, and hitherto it hés not been found
possible to spare another whole-time officer.  The
work has been carried on by the Superintending
Ingineer, Western Circle, in addition to his ordinary
duties, but a whole-time officer will probably be put
on to the Survey in the autumn.

Most of the information available is given under the
head of “ Sites for detailed investigation ” and * Sites
not investigated  in this Report; but the examins-
tion of the Burhabalong and Subarnarekha Rivers has
proceeded far enough to show definitely that consi
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derable power is available. Further work remains
to be done however on both projects.

TaBLE 23.—Bihar and Orissa; summary of sites

czamned.
Minimum Misimum
s conatant contln-
Retlal River. Xature of ow | Tead, { ‘gous
assumed, n power,
cusecs KW,
7" (1) | Durhabalong . | Flow and 170 900 10,000
stomge
(2) | Subarmarekhn , | Ditto . %0 523 2,530
Torar . 12,350

(1) Burkabalong River, Maywblkanj—In the Pre-
liminary Report, page 71, such information as was
then available was given. On page 60 of the Second
Report the difficulties Iikely to be encountered were
noted, as the result of a prelmmary reconnaissance
The site is on map 73 J/8 and K/5. The natural fall
is 730 ft which can be increased to 930 ft by gomng
some distance upstream and dropping a channel, some
2,500 {t long, from the hill on the R bank  The
rains generally begin m April  The minimum discharge
is believed to be about 15 cusecs, and the annual
rainfall is nearer 80 inches than GO inches. Earthen
dams of 120 to 160 ft i height would be trequired
to store about 2,200 m, ¢ {t at the two sites referred
to in the Preluminary Report (loc et.) The storage
sites are flat open valleys, through which the streams
have cut channels 15 to 30 ft deep. They are culti-
vated, and & good deal of good land would be sub-
merged. The power station wonld be mn a deep rocky
valley, difficult to get at, and involving a new road
ot Jeast 20 ymles Jong  The posuibibty of cutting
through the ridge to the great fall on the East or West
{instead of using the natural fall) was considered and
ruled out, as the cost would be out of all proportion
to the gain, It may safely be assumed that from May
to October (six months) the rains would provide far
more than the constant avadable power, and that
the etorage reervoirs would always be full at the end
of the rains (probably till the end of November). The
minimum flow being about 15 cusecs it may be taken
that 50 cusecs will be below the average flow for the
6 comparatively dry months, The 2,000 m o. ft.
+ " water will give 120 cusecs for 6 monthe. The
constant discharge may therefore be taken as

cusecs which on a net fall of lout 400 ft will
10000 kWs, continuously. The project is

- unfavourable one even though

~ was over the mark. No doubt
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Mr. Douglas’ 40,000 e. h. p. (30,000 k\Ws) was an
estimate of plant installed. It is not far wrong on the
usual load factors found in India, The project will
repay detailed investigation.

{2) Subarnarekha River, Ranchi.—Some information
Tegarding this river wes given in the Preliminary
Report, page 72, and was supplemented in the Second
Report, page 66. The project appears to be a pro-
mising one and has now been further examined. The
bauxite deposits in the neighbourhood make the project
of value, and enquiries have been made as to the power
availlable  Two alternatives were suggested (1) to use
the Hundru Ghagh falls, with storage higher up, and
{ii) to turn the water from the lower dam through the
ridge to near Gola. The latter alternative was found
impracticable and has been dropped in favour of the
former. It is proposed to utihze the waters of the
main river and its tributary the Jumar, joining 7 miles
N-E. of Ranchi on msp 73 E/7, at the Hundru
Ghagh falls on map 73 E/11. Thefalls are 28 miles
from Ranchi, tid Angara. As stated in the Preli-
minary Report, the river runs dry and storage is
essential. Two earthen dams (with puddle cores) are
proposed, both on map 73 E/7. One is on the main
river, above the junction, 1 mile from Tatisilwai and
10 miles from Ranchi; the second is on the Jumar,
1 mile below where the Ranchi-Hazaribagh road
crosses, and 9 miles from Ranchi. The Subarnarekha
dam at Tatistlwai (bed level 427 ft) will be 4,390
ft long and 62 ft. high; the Jumar dam at Kadilots
will be 5,084 ft. long and 61 ft high. The ground
at these sites is laterite soil mixed with gravel, over-
Iying rock at a depth of 10 to 20 ft. Surplus flood
water will have to be escaped through waste weir
channels, which will be very costly, as they must bo
lined with heavy pitching throughout and must be
capable of discharging 16,000 to 18,000 cusecs each.
The reservoir capacities are estimated to be of 1,061
and 1,070 m. ¢ ft respectively, or 2,13¢ m. c. ft.
in all. The submerged land is mostly enlturable, and
will be expensive to acquire. One village of } acre
will also be submerged. The water carries much silt
in the rains, and the reservoirs will mlt up somewhat
rapidly unless arrangements can be made higher up
for its deposition in part. The power house below
the falls will be 8 miles direct from Johna station, B. N. R.
The project is a high head one, with the natural water-
fall of 312 ft. increased to 425 ft. by means of an
open channel.  According to the basis adopted in this
circle the flood discharges of the two streams probsbly
amount to not less than 19,000 and 17,000 cusecs
respectively, so that some 36,000 cusecs may go over
the falls at times. No flood discharges have so far
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been talen but 2.100 cusees were obeerved after ram
in Japuary 1019 The eatchment arcas are 117 and
103 square miles above the two dams, or 221 <quare
milesin ofl  The average annual ranfall at Ranch
is 57 6 1oches of which 76 falls 1n the 7 drv monthe,
November to Mav  The Jowest vear~ record 1~ 387
inches and bLmcehes have fallen m one das (8th Augusy
1919) The anrual run-off 1< estimated to average
5000 m ¢ ft with a mimumum of 3.09%0 m ¢ ft
Very long open chapnels are required to reach the falls,
the routes have not vet been surveved and the existing
maps are not contoured but the distance from Hundru
{alls to each dam eite 15 about 17 miles  Probably a
common channel will serve about 11 or 12 nufec of
thik  With channels of this length the water will take
about 3 hours to traveree the distance ro that 4 hours
{ull load regulating storage 15 escential at or near the
forebay and 6 to 12 hours would be preferable  The
ground has not yet been surveyed for this, but mepee-
tion shows that there 13 not too much room, 1t may
be neceseary to widen out the channel for the la<t half
mile, s0 43 to get a contour forebay reservorr  The
channel and forebay will be on the left bank  The
pipe hne has not been surveyed, but st will not be
unduly long; Mr BStevens roughly cvamined 1t but
failed to record the length  Rougl project estunates
indicate that the cost of the dams, reservoirs, waste
weirs and waste werr channel will amount to about
11} lakhs, including compensation for submerged
land. No estimates have yet been prepared for open
channels, settling tanks, forebay or power house.

The site provisionally chosen for the forchay fnear
Maldiha village) is about 437 ft. above the power
station eite. Several other reservoir sites have been
tentatively examined, and further storage may be
possible if required. In view of the heavy silting (for
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which a considerable depth in the reservoirs has been
allowed) 1t may be found desirable to bwild low dams
above the two reservoirs, to cateh the heavier debms
for some years to come | this 1 a matter of cost.  There
<hould nat be much st in the outlet water to the
channel as the capaeity 1~ conaderable and all but the
lizhtest particles will settle far above the dam. On
the most conservatine estimate flow will provide all
the water required for power for 4 months. Takmg
2000 m e ft. of effective storage, there will certainly
be enough flow during the remaming 8 months (even
though the mivers run dry for 3 months) to make up
all losses  The constant (12 months) discharge from
the storage may therefore be taken as 60 cusces, or
90 cusecs for the 8 drv months, and the power as 90X

425,15 or 2550 kWs. contmuously as a mimmum

The project 1s therefore well worth completing.

82 Bombay : sites examined.—Under General
Order No. C. W 12193 P. W D, dated 8th
August 1921, the Governor of Bombay m Councl
13 pleased to direet that all survey work should cease
and that the Executnve Engmeer on Special Duty,
Iydro-Clectric Surveys, should . collate all data
now 1n lus possession n regard to (certam specified)
schemes which, together with the mformation avail-
able from the preliminary investigation of {certamn other)
projects, should be embodied m a report switable for
publication ”  Certan ramn and nver gauges however
are to be kept on by the Public Works Department
and Forest Department ““ as the data to be obtamed
from them will be very valuable,” 8o ends one chapter
of the Survey. Abstracts of the Report to be locally
published are printed m this and the following chapters
Of schemes which have been investigated in consider-
able detall, although not in all cascs completely, the
following table gives an abstract ; details are given m
the alphabetical abstracts w buch follow :—

TavLe 24.—Bombay ; summary of sites examined.

|
g Constant flow,
Ruver or site, Nature of | g number.| wsmmed, | Head,ft | Sontimuons Ressnss,
supply. o P power, W,
KalmadiRiser . . . .. .| Btorago. 650 800 ,000
Karjan River . . . . . . » 260 123 2,150 | Power and irnigation
KeynaRiver . . . . » - . 1,600 225,000 | 3r. Amnall and Tatas.
Panam Raver . . . . " 200 90 1200 | Power and imigation.
Pravara Rwver (Bhandardara) - a) 1400 180 4,800 »
" 400 160 4200 "
Urmoda Raver (Satara) . PO ('.'.). 4 577 150
ToraL . 272,560

M
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Tt will be observed that 4 sites out of the 6 give promise
of combined power and irrigation projects, where
neither by itself would probably pay. The Bhandardara
dam, however, is under construction for irngation.

The Koyna project is by far the most promising of
all the possible ones in Bombay, and is among the largest
continuous power sites in the world. Most of the im-
portant schemes so far examined m Bombay e in the
North Kanara District, where industrial enterprise is
now practically non-existent. Storage 1s the essential
feature of practically all projects, and illustrations will
be found below of possible cases where a project may
pay when itrigation and power are combined though
neither would pay by itself.

Mr. Bowers has been ably assisted m the enquiry
by two temporary ecngineers, Messts, Pickmere ard
Richards, who were recruited in England for this work
and appointed on three years’ agreements by the Secre-
tary of State. Both, however, have reccived 6 months’
notice on the closmg down of the Survey m Bombay.
" Kalinadh River Hydro-Electric Project, North Kanara.—
Map 48 17, 8, 11, 12. The dam site is reached from
Londa Station (Madras and Southern Malratta Railway)
by the main road to Supa (16 miles) and thence some
3 miles by foot-path. The mte is near Kheda village
and in map square No A3 of map 481711, Lat. 15°-16' N.
ond Long. 74%31' E., ard is about 3 miles above the
junction of the Kalinadi River with the Pandri River.
The catchment, which 1s partly m the ghat dstriet,
is 107 square miles 1n area above the dam site, and
is mostly rocky or covered with thick jungle. Both the
Tandri and Kalinadi are perenmial streams and as o
preliminary the scheme might be developed on minimum
flow alone Gauging made near the proposed pick-up
weir site during 1921 ehowed a minimum discharge of
69 cusecs. For full development the scheme would
depend on storage and flow, the Pandri supplying the
monsoon requirements and the Kalinadi, by the storage
dam at Kbeda, the water for power during the bot
weather. A rain-pauge has been maintained at Supa
and records for 30 years are available. During the

monsoon of 1920 a rain-gauge was put out at Diggi
on the ghat edge and further gauges were put out in
June 1921 on the catchment. To amrive at an approxi-
mate estimate of the average rainfall over the catch-
ment the fullowing procedure was adopted. Areas
were allotted to each of the new gauges. The total
rain during July 1021 at each gauge was tabulated and,
talinz the rainfall at Diggi for this period as unity,
the rain at each station during 1920 is estimated by
prepostion. TLe product of ramfall in 1920 and gauge
area is then found for each pauge Dividing the total
of these products by the whole catehment area the aver-
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age rainfall over the area for 1920 is found, Com-
paring this with the corresponding rainfall at Supa
a factor is found by wliich Supa rainfall in every year
can be reduced to average rainfall over the catchment
(sce table No 25). The method is of course very ap-
proximate but in the absence of any records it is the
only means of arriving at the probable rainfall on the
catchment. This method indicates that the average
ramfall on the catchment for 30 years is 127 inches ; the
maximum 183 inches ; while that the worst year gave
73 inches, and the worst two consecutive years 76 inches
and 100 inches (1905 and 1906). (Sce table No. 25)
The area of ghat catchment is steep and rocky and
in the absence of any records a run-off of 70 per cent.
with 180 inches rain dimimshing to 40 per cent. with
70 inches rain has been assumed. Generally the Kali-
nadi is in deep gorge and the ground does not widen
out until some height is reached. The dam ap Kheda
is therefore designed to be 280 ft. higk and 1,100 ft,
long and contains about 18 million eubic feet of masonry.
A dam of these dimensions gives a storage of 36,300
m. c. ft. at a cost of Rs. 297 per m. c. ft. stored.
An annual deplenishment of 17,500 m. . ft is possible
(see balance table No. 26) and allowing 3 it. evapora-
tion and soakage losses a draw-off of 16,830 m. c. ft.
is avaldable. For safety’s sake it is assuined that the
Pandri supplies power for only two months of the year
and hence a continuous draw-off of 650 cusecs tan safely
bo relied on.  The pipe lme survey was not completed
but the head will bo about 800 ft., so that the conti-
nuous power availablo will be of the order of 35,000 k.
The project may be briefly described as follows s
A masonry storage dam at  mile W. of Kheda,
260 ft. high and 1,100 ft. long, Waste water conld
be surplussed over a ridge on the L. H. flank, where an
escape cut would have to be excavated, or alternatively
by a waste water tunnel. By means of sluices in the
dam, water would be drawn off the lake and run down the
river somo 24 miles to near Bomanballi (map 48 I/12
and 16; Lat 15°10' North and Long. 74°-45'
East) where a pick-up weir sited near mile 6 on the Keg-
dal-Kulgiroad will divert it into the canal. This pick-
up weir should be of the barrage type, with under-
gluices to dispose of the monsoon floods. The canal
will run in o southerly direction some 4'9 miles to the
forebay site, in a nalo * T.* 15°6-20" North
and Long. 74%43%-40" | means of a fore-
bay dam 60 ft. high some 8 m. c. ft.

will be * or suffici hours supply.
The L .
cutti. '

boy a

pipes e .
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bar. The pipe line, which is approximately 1.650 ft.
Tons, runs in 8 Snuth West direction to the power house
site on the I H lank of the Kalmadi giving a head
of rome 00 ft  Tirs mcludes both the Vinchol
and Lalculs falls mentioned m the Prehminary Report.
A probable marl-et for the power 1s Hubl, 40 mules
North East of the power house  The survevs are
somevhat ancomplete  state  Further cross-sections
thould be taken of the lake area to ascertamn more ac-
curately ats contents  The line of the canal 1s open to
unprovement and mav thereby be lengthened  The
ipe line survey has vet to be made and also the survey
for the power house site It erems probable that a
considerable lenzth of heht pipe Line terminating m a
surge toner, would decrease the ¢oct and mmprove the
warking of the projoct By making the canal approxi-
mately three mules Jungrer the papes could he brought
down to o power huuse wited at the Junction of
the Nagjlin Nala with the Kalimadi (Lat 15757
North and Lonz 71°-41’ Last) with an inerease
of about 180 ft in the head Tl eeems advisable.
Ram and niver gaugings are very scanty and rhould be
continued
A very rough estsmate hus been made of the probabl -
cost of the project and the assumptions made are out-
Iined below  Th: dum site 15 somenwhat maccesaible
and a siding would probably Lave to be run from
Dandoli about 20 pules m length to supply materials,
- In all probabiity only stone would be available at
the ete. A through rate of Rs. GO per brass (100
c. {t.} has therefore Leen assumed for the dam,
The gucl-up weir would be of the barrage type As
a rough approxunat on of 1ts cost 1t has been treated

TapLr 25.—Lstimate of Ruinfall on Ealinadi Catch
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ns & solid block of masonry of width equal to its
base dimensions, to cover extras on eluice gates,
adhlar, etc, and a rate of Rs. 70 per brass has

Teen assumed.  The canal will involve heavy
cuttings, tunnelling and aqueducts, and would
resemble the canal of the Tata Iydro-Electric

works at Lonavla, though it would probably be some-
what cheaper. This canal cost approximately 4}
lakhs per mile  The proposed Kalinadi canal would be
for the same discharge. To cover increases in rates
sinee the Tata canal was constructed the same rate
permile1sassumed. Toavord the leakages of the earlier
work, due mamly to boring crabs, concrete rather
than masonry is advisable. For the forcbay a rate of
Rs 65 per brass has been assumed to cover cost of ashlar,
eluices ete. A rate per ton for the pipes, otc., slightly
m excess of that on the Tata Hydro-Electrie pipe line
18 assumed, to cover enhanced rates and carrage to a
somen hat 1naccessible site.  Excavation and masonry
1n anchorages and bearer is estimated at Rs. 40 per ton
of pipes which 13 slightly in excess of the cost on the
Tata Hydro-Electric pipe line. An estimate of the
cost of the transmssion line, receiving station and power
house hias been arnved at by comparison with the esti-
mates prepared for the Koyna River project, by Mr.
A T Amall, AMInst.CE The cost per Lilowatt
for each itum has been caleulated for the Koyna pro-
ject and apphed to the Kalinadi Project. A load
factor of 10 per cent has been assumed and this
means the installatton of plant for 86,500 kW,
Table 27 shows a summary of the probable cost of
the project; but it must be remembered that the
estimato is only very approximate.
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WATER POWLR RESOURCES. | Para. 82.
TaprE 26.—Kalinadi Project.  Kheda Lake Balance Table.
F. 8. L. 280 £t abovo bod at Dam Site,  Capacity 36,300 m. e, ft.
10 months | 2 months
Year. Ram at | Avcrage rain| Run-on in | Ran-off Stored dry weather | monsoon Wasto Balance
. Supa, ot 1 m, e ft m c. m, ¢ {t. draw off draw off m. e ft.7| moe ft.
. m e it | m ot
R'=R x143[107x233x R}
EXI TR 82 117 29,169 15,400 15,400 15,000 100
202 - 105 150 37,396 23,120 23,520 16,000 7,520
1893 . 7 & 113 28,172 14,560 22,080 17,500 4,550
180t . 81 116 28,920 15,200 19,780 17,500 2,230
1805 . 83 119 20,668 15,820 18,100 17,500 400
1890 . 123 17 43,878 30,280 30,880 17,500 13,380
187 . 91 131 33,107 19,200 2,580 17,300 15,050
1893 . 92 131 32,650 18,510 33,500 17,500 16,090¢
1699 51 73 18,199 7,420 23,510 17,500 6,010
100 . 128 183 145,624 32,250 30,300 17,500 1,000 18,800
101 . 93 136 33,006 19,600 36,300 17,500 £ 2,160 18,800
1902 85 126 31,413 17,400 36,200 17,500 i 18,700
w3 . 0 1 28,421 14,780 23,450 17,500 3 15950
1908 . 9l 130 12,110 18,300 31,280 17,500 i 16,780
s 53 6 18,917 7,900 21,650 17,500 '; 7,180
s . 0 100 21,031 11,930 19,130 17,500 —:;: 1,630
1w 19 170 42,353 28,590 30,220 17,500 “ 12520
ws . 102 116 36,300 22,080 31,800 17,500 17,300
[T ] us 28,172 14,560 | 31,860 17,500 14,30
wio N 109 27,175 13,730 25,000 17,500 10,5%
e . ki us 28,172 14,560 23,130 17,500 7,630
weE 109 156 I p02 21,650 32,330 17,500 14,830
w3, 81 116 2,920 13,200 30,030 17,500 12,530
Wi . 27 182 45,371 3190 36,300 17,500 8210 18,800
Wy . 72 103 23,079 12510 31,310 17,500 13,810
we . 02 31 32,650 18,510 32,350 17,500 14,850
mro. Y 120 7,396 23,120 36,300 17,500 1,670 18,800
2L 3 6 18017 700 2%500° | 17200 0,200
1y, 02 st 32,039 18510 L7700 11,500 ’ 10210
R © 12 a0l 18,080 23,200 17,600 10,700




Para. 82.]

Tarir 27 —Kalmadi River Hydro-Lleetric Project
Rongh estimate of cost.

}

Apprnvi
Deserption mate eost
Lakhs
Kbelastomge Dam . . . . 108 00
Thehoup weir | 55
Cana 2137
Forthav 229
Top e mcdoding anchorzes papes, beares, aat

Power Homee anst fled for 863K Rk
Tranemisian hne to Habli 40 milis
TRevetning station

Di-tril uting b

ToTar
Ad1 10 per cent for contanzonoe
ToTaL

Leve
:mm WWE for 4760 hours at  anns pre

Annunl oxpenditure o1y
ToTAL LLVEATE

or 10 per cent on capital cuat

Nore,—These figures do vot allow for interest payable on

subseribed loan

Karjan Rever, ¢ tnibutary of the Narboda, Rajpiple
State, Rewa Rantha Agency, combined irrigation and
lydro-glectnic project —Map 17 Topo Sheet No. 46 G/9,
10, 13 and 14. The ste for the storage work 1s situ-
ated m Lat 21°-47-20" North by Long. 73°-3{'
15" East, below and close to the junction of the Teray
Nala and Karjan River, about 74 miles from Nandod
in the state of Rajpipla. It can be reached in the dry
season from Nandod on horseback or in a bullock tonga,
1n the wet season about two miles would have to be
done on foot  The catchiment area is about 520 square
miles mamly rocky hills and jungle. From February
to June there 1s no flow in theriver. In the last 30 years
the lowest ramnfall on this catchment area was 122
inches in 1899, giving an estimated run-off of 17 in.
The ten years of lowest aggregate ranfall were from
1899 to 1908 when 354 02 inckes fell giving an estimated
total run-off of 1252 inches in that period. At the
suggested full supply level of 385 R. L. (that is with a
dam 215 it. high) the lake would cover about 16 square
miles of the Terav Nala and Karjan River valleys. As
suggested the dam would be 215 ft. high (170 ft. R.
L. at base and 385 it, R. L. at crest) and 2,725 ft, long

at the crest  There would be nceded also, in a saddle of
the hill, a few hundred feet to tho West of the main dam,
a subsidiary dam about 20 ft. high and 170 ft. long.

BOMBAY ; SITES EXAMINED.
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These would contain about 166 m. c. fb. of masonry
which at Rs. 50 per brass of 10) eu. ft. would cost
Rs. 84,00,000 The dam would impound altegether
about 28.800 m. c. ft. of water or between full supply
level (385 ft. R L) and minimum working level
(305 ft. R. L), about 22,800 m. c. ft. at a cost of
Rs 368 per m. c. ft. There would be available after
allowing for evapotation, absorption,ete.,a yearly supply
of 10,962 m c. ft. at o cost of Rs 766 per m. c. ft.
The power house might be built close to the dam, the
tail waters from the turbine returning to the river bed
and being picked up again for irrigation purposes by a
weir some distance below ; or, alternatively, a canal
might be taken from the dam at R. L. 303 ft. along
a falling contour on the West of the river to a forebay
on the hill marked 740 about 3 mile North West of
Zampa, from whence a pipe line would lead to the power
house, situated at a convenient point on the left bank
of the river, the tail water returning to the river bed.
Whether the latter alternative would give an appre-
cable greater head depends on the necessary height
of the pick-up weir, which in this scheme also is neces-
sary. A third suggestion is to take the canal round to
the North side of the hill 740, locating the forebay
there, and, using a longer pipe line than that of scheme
No. 2, to place the power house at the foot of the hills
somewhere between the 4th and Gth mile post from
Nandod It might then be possible to deliver the tail
waters dire¢t to the irrigation canal, thercby cutting
out the necessity of a pick-up weir, If a pick-up
weir is found necessary the probable site will be at a
pomnt gbout 21°-49'-35" North by 73°31-30" East,
about 4} miles from Nandod. The irrigation canal
would start either from the pick-up weir or from the
power house, and would lead in a North West direction
to near Limat Vada Nana, and thence towards the
Nandod Railway line. If o pick-up weir is not found
necessary & balancing tank will have to be constructed
in some convenient nala near the power house and on the
course of the irrigation canal, capable of storing half
a day’s summer irrigation supply with a small variation
of surface level. Calculated on three driest years of
the last 30, tiz., 1899, 1900 and 1901, it is probable
that 4492 m c ft. of water per day can be supplied
from Qctober 1Gth to February 15th.and 22 16 m. c.
ft, per day from February 16th to October 15th.
Assuming the reservoir to be full—that is water surface
at R. L. 385 ft.—at the cnd of Beptember 1898 it
would probably be full again during the monsoon of
1903. The surface would be at its lowest in July!1899

at about R. L. 305 ft.
The aforesaid quantity of 4192 m. c. It per day
is equal to 520 cusecs, Taking the duty of the water

N
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in the cold weather at 120 acres per cusec there would
be enough to irrigate 62,400 acres of mixed crops.
The hot weather discharge of 2246 m. ¢. f6.==260
cusees would irrigate 165,600 acres of hot weather or
perennial crops. The total area that can be irrigated
in one year would therefore be 46,800 acres of cold
weather crops and 156,600 acres of perennial crops or
o total of 62,400 acres. The discharge adopted for
power will be the minimum irrigation discharge, .e.,
260 cusecs. If the surface of the tail water is at R. L.
180 {t. and if it may be assumed that the lowest water
level in the lake will be at R, L. 305 {t., then the con-
tinuous power avallable will be 260 x125/16= 2,150
kWs. or a maxmum of possibly 6,500 kWe.
under working conditions. During the monsoon,
the water used for power purposes would be wasted
ns regards irrigation; while, during the winter, half
of the water used for irrigation would be wasted as re-
gards power. From the middle of February to the
beginning of the monsoon all the water used for
irrigation could be used for power alsa. Probable
markets for the power aro :—

(1) at Nandod, sbout 74 mules from the dam site,
{or mills, lighting, ete.

{2) at Ankleshwar and Broach, about 40 miles away,
for the same purposes. Also power might
possibly be used for the electrification of the
Anlleshwar-Nandod Railway.

The followmng 1s an estimate of the difference between
the cost of damming the Karjan River for a combmed
irrigation and hydro-clectric project and for an 1rriga-
tion project only. To supply, for irngation only, the
momthly quantity of water which is proposed in the
original project, but supplying none during the months
of July, August and September, a lower dam could
be used ; first, because, having no power to consider,
the minimum height of the water in the lake could be
lower, and, secondly, because, by drawing off no water
for three months of the year, a smaller reservoir capa-
city would bo adequate. For such a reservoir a dam 196
ft. high (crest st R. L. 366 ft.) as against 215 ft.
(crest at R. L 385 ft.) for the combined project would
be required. The quantity of land submerged would
be ubout 11 5 square miles as against 17-2 square miles.

The estimated additional cost of the combined project
is as follows :—

Additional cost of dam.
Re
4r e 0t Re 05 per cu, 1, . 20,0000
Coti btk o0 L0 onke
At e a1 5T o o raidw at Ba 20,00 i
Tt sjaars eubs . . . . < Liow

TUTaL ADDITIONAL COST o 22,114,000

WATER POWER RESOURCES.

{Para. 82.

Admissibility of combined project.

The continuous power available is 260 X 125/11=2,955

¢. h. p., while with a power factor of 40 per cent. the
55

maximum output= 29";;‘10_37388 e. b p.

Referring to the table on page 23 of the Preliminary
Report on the Water Power Resources of India, 1919,
assuming the cost of coal to be Rs. 21 per ton, a power
factor of 40 per cent and 50 mile transmission line,
it will be seen that the probable admissible cost per
o, h. p. installed is some Rs. 511. Therefore the total
admissible cost =511 7388=Rs. 37,75,268. Compar-
ing the figure of estimated extra cost on the dam, ete.,
of the combined project over the simple irrigation
projects, viz, Rs. 22 lakhs, and the admissible cost
of a simple H E. project, viz, Rs. 37 lakbs, it would
seem that this scheme is worth further investigation.

Note.—A good deal of survey work 19 still necessary. Moro
cross scctions of the valloys above the dam site are needed mn order
to determme the arca and capacity of the lake and the surveys
for sitng canals and power house have bardly been begun. Riser
gaugings’ also are needed

Nort BY CrieF EnvciveER —From the mape 1t appears hlely
that from the dam & hight pipo Lino could bo tahen over the inter-
vening nala on an aqueduct or suspension bridze (possibly a syphon)
across the bend of the mam rmiver, to the hull marked spot Jovel
740 f5  Hero a surge tower could b placed, thus ubilmng the
mean head ot the dum, ‘Tho head assumed abovo ss 195 £t , but in
this way 1t would vary from 125 up to 205 ft. Tailing direct into
tho canal at about B L. 175 ft. also seems feaublo

Koyna River Project.—This great project was drawn
up by Mr. A, T. Arnall for Messrs. Tata Sons and Co.,
who bave applied for & ““ Grant” to dovelop it. It
has not therefore been examined by the Hydro-Electric
Survey. The catchment area is 316 square miles in
the Western ghats, map 47 G/10, 11, 14, 15, with a mean
rainfall of about 150 inches. The proposed Helwak
Lake would have a draw-off capacity of 120,000 m. ¢.
ft. By tunnelling through the watershed a head of
1,600 feet is obtamable on the Western side. It is
estimated that 225,000 kWs. can be obtained
continuously.

Panam River, a tributary of the Maki, Lunavada State,
Rewa Kantha Agency. Combined Irrigation and Hydro-
Llectric Project.—Map 1" Topo Sheets Nos. 46E[12
and 16, and 46F/9 and 13. The dam site is situated
at point about 23°-3' North by 73°-45"-30" East or
boundary between the States of Lunavada and Sunth
Rampur, about 9 miles from the town of Lunavada.
It can be reached, in the dry season, from Lunavada
Railway Station on horseback or in a bullock tongs.
In the wet scason it will be necessary to leave the train
at the signal station just before reaching the Panam
River, south of Lunavada. The eatchment area above
tho dam site is 896 square miles. During the months
of February to Juno there is practically no flow in the
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fiver, eo that a ctorage work i< necessary, both for irri-
gation and power  The site 15 at a configuration similar
to that of the famous Chappar Rift in Baluchstan,
1 e, the river has cut through a range of hills, across a
valley. and out agan throush a further range  In the
fast 30 vears the lowest romfall on this catchment
area was 12 51 mches m 1899 givmg an estimated run-
off of 161 mehes. equivalent to a volume of 31158 m.
¢ ft The ten vears of lowest agpregate ramfall
weere from 1689 10 1902 when 30328 mches fell alto-
gether giving an esttmated run-off of 5865 mches At
the proposed full suppls level of 110 R L (that1s with
a dam 160 ft logh) the lale would cover an area of
272 gquare myles m the Ghodra Taluka of the Panch
Mahal Dictnet and o the States of Lunavada and
Runth Rampur  The following fizures are o very rough
appronimate to the watenrpread amd contents  at
vanous levels —

. MUPFOF ATTL ATITYTL ‘ ("ulic con-
m e
Poacft Squaremiles ) omoe ft
390 fect . 2998 mnez \ 9,001
L 3537 to 1230
410 ,, PETEY 156 16,268
420 ,, . . . 5170 185 21,021
430 ,, G130 229 20,604
130, . 57T 272 33,505

The dam as proposed would be 160 ft kigh and 810
ft. long on the top. This is an exceedingly favourable
site. The dam would contain about 6 m. c. ft. of ma-
soury which at Rs. 60 per 100 cu. ft. would cost
Rs. 36,00,000 It would impound betw een Full Supply
level and minimum level (that is between R. L. 440
and R. L 400)21,200 m. ¢ {t. at 3 cost of Rs. 170
per m. c. fect. There would be available, after allowing
for evaporation, sbsorption, ete., a yearly supply of
8,435 m. ¢ feet at a cost of Rs. 432 per m. c. ft. The
storage capacity (21,200 m. e. ft.) 13 large compared
with the yearly dras-off of 8,435 m ¢.ft. but this balance
is necessary as o carry-over, it order to maintain the
{ull draw-off in a series of bad years (sea table 28).
The power house would be in a convenient place on the
left bank of the river and as near as possible to the dam.
The supply pipe would be taken through the dam at a
convenient level to supply the turbines. A second pipe
through the dam, discharging to the irrigation canal
close below the power Louse, would be installed in order

BOMBAY ; SITES EXAMINED.
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to provide the exira quantity of frrigation water re-
quired during the winter months, In order to convey
the tail water from the turbines for irrigation purposes
a canal starting with F. 8. L at about 310 ft R. L.
would lead from the power house along the left bank
of the river to near the village of Mor where it is proposed
to use, if possible, 2 convenient nala for the purpose of a
balanang tank, The canal would run thence in a South
West drection to Chari then round by Khuntkhar and
towards the north to the foot of the hills due cast of
Sattalso. From there, it is proposed to run wnder-
ground for the distance of about a mile, partly in tunne,
partly in cut and cover, to somewhere near the “M?”’
m Barot Muwada ; thence by Merji Muwada, Bhanpur,
Sutana Muwada, Dokels, Verama, Bamanwad Khalas-
pur to Palla near Kothamba, beyond which point the
canal has not been sited. The balancing tank would
be sttuated on the canal line near the village of Mor and
would be designed to store half a day’s summer irriga-
tion supply with a variation of surface level of two
or three feet Taking the ten driest years of the last
thirty as before mentioned (1899-1908) it is found, on
working out an anslytical monthly table of estimated
run off, absorption, evaporation, ete., that 8156 m. c.
it of water per day can be supplied from October
16th to February 15th and 17:28 m. c. ft. per day
February 16th to October 15th. Assuming that the
reservoir was full, that is, water surface at 440 R. L.,
at the end of the September 1898, it con be shown by
this method that, given the draw-off above mentioned,
the reservoir would not fill again until the monsoon of
1909 and that the water would be lowest at the beginning
of July 1902 when it would be at approximately R. L.
402. The above mentioned quantity of 3456 m. o
it. of water per day is equal to 400 cusecs. Taking the
duty in winter at 120 acres per cusec, the cultxvab]e area
as 360 acres per cusec, and the commanded area as 150
acres per cusec ; there would be enough water to irrigate
48,000 acres nnd to command 180000 acres or 81
square miles. This area con be obtained by taking
the canal through the Taluka of Ghodra, the State
of Pandn Mehwas into the State of Baroda.

The discharge adopted for power will be the minimum
irrigation discharge, i.e., 200 cusecs  If the surface of
the canal at the power house is at R, L. 310, and if it
may be assumed that the lowest water level ip the lake
is R. L. 400, then the continuous power available
will be 200 x90/15=1,200 kWs, for which, on a
commercial basis, plant developing some 3,600 kWs.
could probably be installed. During the monsocn,
the water used for power purposes would be wasted 83
regatds irrigation ; during the winter, half of the water
used for irrigation would be wasted as regards power.

b
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From the middle of February to the heginning of the
monsoon all the water used for irrigation could be used
for power also.

The following is an estimate of difference between
the cost of damming the Panam River for a combined
irrigation and hydro-clectric project and for an irri-
gation project only. To supply, for irrigation only,
the monthly quantity of water, which is propesed in
the original project, but supplying none during the
months of July, August and September, a lower dam
could be used ; first because, having no power to consider,
the minimum height of the water could be lower, and
recondly because, by drawing off no water for three
months of the year, a smaller reservoir capacity would
be adequate. TFor such a reservoir s dam 135 ft.
high, as against 160 {t. for combined project, would
be required and the Jand submerged about 17 square
miles a3 against 27 square miles. The estimated extra
cost of combined preject over simple irrigation project
is as follows :—

Ra.
Tixtra cost of dam, . - . . . 10,00,000
Cont of balineing tank . + 1,00,000
Cont of extra land (10 squaro mllos) « 6,00,000
17.00,000

WATLCR POWER RESOURQES.

[Para. 82.

Referring to the table on page 23 of the Preliminary
Report on the Water Power Resources of India, assum-
ing the cost of coal at Rs. 24 per ton, & power factor of
40 per cent and 50 miles transmission line, it will be
scen that the probable admissible cost is as follows :~

Continuous power=1,200 hVs
With power factor of 40 per cont the

masimum output =~ 1,600x 10 4= 1,000 h p

Lo h p

Ps.
From talle, admusiblo cost rereip= .« . 51
Therefore total admussiblo cost = - L 511x4,000
[0 I=d0si000

Comparing the figure of estimated extra cost on dam,
ete., of combined hydro-electric and irrigation project
over simple irrigation project, viz., Re. 17 lakhs and
admissible cost of o simple hydro-electric project
viz. Rs. 20-4 lakhs it scems likely that it would be worth
while to make a further examination of this schemo
and to get out detailed estimates. There are probable
markets for the power at Ghodra about 30 miles from
dam site, for mill lighting and at Lunavada for the
same purpose.  Also for the electrification of the Ghodra-
Lunavada Railway.

NoTE 3Y Cuter Exarveer —While the head 1s taken as 90 ft to

R L 400 the mean will bo nearer B L. 430 ft  For 9 months In
the year 400 cusccs would be avaiablo.

TanLr 28.—DProposed Panam lake Monthly statement showing probable replenishment and deplenishment,
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From the middle of February to the heginning of the
monsoon all the water used for irrigation could be used
for power also.

The following is an estimate of difference between
the cost of damming the Panam River for a combined
irrigation and lydro-clectric project and for an irri-
gation project only. To supply, for irrigation only,
the monthly quantity of water, which is proposed in
the original project, but supplying none during the
months of July, August and September, a lower dam
could be used ; first because, having no power to consider,
the minimum height of the water could be lower, and
recondly because, by drawing off no water for three
manths of the year, a smaller reservoir capacity would
be adequate. For such a reservoir a dam 135 ft.
high, as against 160 ft. for combined project, would
be required and the Jand submerged about 17 square
miles a8 against 27 square miles. The estimated extra
cost of combined project over simple 1trigation project
is as follows :—

Rs,
Txtra cost of dam, . . . - 10,00,000
Costof balmemgtank . . . . . 100
Cost of extra land (10 squaro mules) . . 6,00,000
17,00,000

WATCR POWER RESOURCES.

[Para. 82.

Referring to the table on page 23 of the Preliminary
Report on the Water Power Resources of India, assum-
ing the cost of coal at RRs. 24 per ton, & power factor of
40 per cent. and 50 miles transmission line, it will be
scen that the probable admissible cost is as follows :—

Continous power= 1,200 ks
Wath power factor of 40 per cont tha

maximum output = 1,600 10 d=1,000 h. p.

1,600 b, p.

From table, admissible enst pere hp = .
Therefore total admyssible cost = .

Comparing the figure of estimated extra cost on dam,
etc, of combined hydro-electric and irrigation project
over simple irrigation project, wz., Rs. 17 lakks and
admissible cost of a simple hydro-electric project
viz. Rs. 20-4 lakhs it seems likely that it would be worth
while to make a further examination of this scheme
and to get out detailed estimates. There are probable
markets for the power at Ghodra about 30 miles from
dam site, for mill lighting and at Lunavada for the
same purpose. Also for the electrifieation of the Ghodra-
Lunavada Raway.

Nore By CittEF Exareezr.—Whilo the head 13 taken as 90 ft. to

P. L. 400 the mean will be nearer I L. 430 ft. For 9 months in
the year 400 cusecs would be avalable,

TaoLr: 28.—Droposed Panam lake Monthly statement showing probable replenishment and deplenishment.
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Tune .~ (B 2 1087 s184 6231 075 4155 15,203
Tt 4 a & 1939 533 68 63058 145711 | 4094 4305 16,021
Anzust a4 ens 2 Wi e 53503 61323 832085 | 4250 5030 23,704
Kertemter e “ 2, 108 5134 0392 197751 | 4272 5825 25,022
Octater 4z e LNEn nas w0 202 81216 | 110336 . 4254 5600 23,019
Noremter 4z 23019 weo 0 2330 103680 13198 - 1229 5140 22,599
Drramber a2 g2om o £ 2520 107136 | 134330 . 4204 5210 21,230
11— |
Jauuary 424 ] \ 2035 107186 | 1,33186 . ar7 985 19,924
Tebruars 43T 1o s 75 3739 30 1,116 94 - 4152 4130 18,807
March 4102 o7 4150 5 \ 3547 53563 890 33 . a37 4040 17,017
Aprll 447 17917 610 75 2450 5184 80 4 418 4490 17,051
May . ane PEEEAY 4320 75 2367 53508 87233 . 1098 4330 16,179
June . 3y 16,379 20 25 wse 5184 6286 20818 | 1087 4250 15,761
July T 15,761 4230 7’ I we2 535 68 81188 295304 | 4140 4805 18,072
Auguee 4o 1405 B 1ee 53568 65228 520007 | 4230 5445 22624
Septembor 4250 [ 25 301 5184 6545 4103 | 4225 5400 22,380
Getoter 422 B0 w0 2700 e1ze 10822 . 4205 5220 21,304
Norember 4205 PN} 20 S0 2010 13,0308 12578 - 4180 5000 20,006
December 1m0 20,008 3000 50 250 somd' | n3214 = 453 4170 15,685
1902~
January ass 18,625 4170 %0 2985 1,011 4 1,300 9 .- 25 4548 17,375
Tebraary a2s 17,378 4545 5 2409 7420 1,083 9 . 401 4330 16,201
March 103 16,201 50 (33 2002 5337 86190 081 s 15,420
Aren 4081 15,420 4195 75 146 5184 8330 . 4060 w010 | 1,506
May 4060 14,596 wio 5 030 5357 8387 - 4038 575 13,757
June . 4038 13,757 3875 23 90 5184 6153 - 023 2750 ERTE)
uy . 4023 13,342 2750 25 07 5357 6294 4068 4100 1,503
August 058 14905 w00 2 026 6357 6332 I aisy 1500 13445
Beptember a7 Jee 400 25 126 BB d 6384 1252 s0¢8 | zama
October 4252 23800 5015 50 282 8122 10944 32 8180 | 2,336
Norunidxr 4232 7o 5460 [ 2130 1,0308 13098 4038 5200 | =100
Decemver azms 21,426 250 W 2620 10714 1,333 4 - aso o | zo003
190—
January asa | 20003 o 50 250 10114 13214 - a1ss e 18,778
Februsry a5 UK 4190 S 5392 7430 Leze - e o0
Morch . 4132 17,670 00 7% si42 5357 87199 . e 4o
Aol . 412 16,700 410 15 833 516 4 514 . npr 4230
x



82

WATER POWER RESOURCES,

[Para. 82.

\COV“‘Y!, ETO, AT DEGINKFING 0F TER| DRAW-OFF INCLUSIVE OF EVAPORATION AND ABSORPTION, COYH‘VT! FTCO , AT THE END
HowTH ETQ, THE IOVTH
Year and month Sntace azen Quantity evapo- R A
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10—
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Septefuter o | Qare 19937 4950 23 1217 sta 4 €131 31224 . .- (22,420

Continuation as a yearly statement,
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Pravara Buer, trihatary of the Godavart, Ahmednagar
Dietriet —Map 47 £10 (1) A storage work for wrriga-
tion purpnees 1= under construction at Bhandardara
to the west of the Ghoti-Rajpur road. This work 1s
eituated 22 mles from Ghotr Station (Great Indian
Peninsula Rmlvas) and s connected to the Ghot-
Rajpur road by a service road  The catchment area
1t~ i7 3% syuare miles and the mimmum run-off gauged
1 13.000 m. ¢ ft Tle dam when completed will be
270 ft lugh with 3 ft diameter shuces arranged 1
paws at 50, 100 150 and 200 ft above the niver bed.
The fall cupply capacity of the lake when completed
will e 12690 1, « ft The flood water will be sur-
plusrd over @ vaste weir mtuated on the nght bank
of thr 1ver and vl discharee mto s nala which joms
the niver ehont 17 tailes down sticam of the dam site
Table 29 gmvos the arngation 1guirements dunng the
penied 1oth October o 15th June from slich it 1s seen
that the lowest average daily dichargn required 1s 400
cusees  Thie fizure has been adopted as the figure of
average datly drsdhiarge for poveer purposes throughout
the year  In order to avord mjury to the dam by dis-
charge under the mavimum head, 1t 13 proposed
to connect the pipe liwe with the slurces mtuated at
150 fv above the nver bed Jevel, at R L 232763,
As the ¢torage work 1s required for irngation purposes,
the discharge from tle lake durmng the period 16th
October to 15th June 1s regulated by irngation requure-
ments, and so 1t will not be powible to make use of the
varying head 1n the lake to save water dunng these
months, that 1, although with the lake full, 1 e, with
2575 ft Lead, only 279 cusecs are 1equred to give
the required Inlowatts, the full discharge of 800 cusecs

must be drawn off Durmng the monsoon months

when irrigation requires no water the varymg head
could have been made use of, if it were not for the
second part of project 2t Rhonda where the fixed head
requires a constant discharge. Table 30 shows the
amount of addittonal storage which will have to be
provided for arrigation to compensate for the volume
drawn off during the monsoon, and the voleme rendered
unavailable for irrigation to provide the head required
for power. This has been worked out for vartous
heads and discharges, and shows that the best arrange-
ment is to keep the level for power purposes in the

lake up to 2,370 13 ft. With a power station at R. L.

2,290 13 or 12} ft above the river bed level, to allow

for flooding back from the spill channel, the economical

head comes to 180 ft The volume of additional

storage required to compensate irrigation, on the 400

cusecs constant draw-off basis, is 2641:233 m. c. ft.

The pipe hne as statrd above will take off direct from

the eluices through the dam, and will run down the side

BOMBAY; SITES LXAMINED,

oo
of the ridge on wlich the right flank of the dam abuts
tn a power station, which can be constructed in the river
bed just below the dam. The length of the pipe line
will be 450 ft. The avamlable head is 180 ft and with
a constant discharge of 400 cusees 180 X400/15=
4,800 kWs can bo obtained, so that on commercial
load factors o plant of from 12,000 to 14,000 kWs.
could be mstalled.

(u) After being discharged from the lake at Bhandar-
dara the water passes over the Rhonda Falls situated
some 5 miles below the dam, and  mile below the
Ghoti-Rajpur road causeway. By means of a pick-up
werr and a short length of open canal, a fall of 112 ft
to 160 ft can be obtained, depending on the height of
pick-up weir and length of canal adopted; the lower
head bemng obtainted with a pick-up weir 18 ft. high
and a canal 1,900 ft 1n length (which might be replaced
by a pipe to save the cost of a forebay) and the larger
head being obtamed by a pick-up weir or barrage 46
ft ligh and a canal 6500 ft long. For the former
scheme the power house wonld be situated about }
mile Delow the falls, 5 ft above H. F. L. and 28 {t.
above the river bed. The forebay, if an open canal
1s adopted, would be on the cliffs immediately above
the power house The length of the pipe line would
be 150 ft For the latter scheme the power house
would bestuated § mile east of the village of Koduni,
5 {t above I. F. L. and 28 ft. above the river
bed The pipe lines for this scheme would be 500
it. long. With the discharge of 400 cusecs available
from Bhardardara and a head of 112 or 160 ft., as the
case may be, power of the order of 2,980 kWs or
4,260 kWe could be obtamed, enabling a plant from
7,600 to 9,000 kWs or 10,000 to 12,000 kWs to
be installed on a commercial load factor.

The total units that can be generated by the combined
Pravara schemes are 68 million upits or 79 million
units, depending on which of the Rhonda schemes
13 adopted. The site for the additional storage required
to safeguard irrigation interests is on the Ardala Nala,
map 47 1/2, a tributary of the Pravara River, which
joins the main stream 4 miles above the town of Sangam-
ner  The proposed dam sito is just below the village
of Sawargaon. The catchment area is 55-08 squaro miles
over half of which lies between the 200 inchies and 100
inches rainfall areas and the remainder between 100
inches and 40 inches rainfall areas. Thero nre nu
rain or river gauges at present in the arca, but, com.
paring the arca with similar arcas in this Presideny,
a worst year's run-off 40 inches equivalent to b,]1h
m, c. ft. can be relied on There is practically nu
appreciable flow in bad years after the smonmmn
The dam to store the additionsl storage of w6l
LR}
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m. ¢ ft. would be 3,251 ft. long and 175 ft.
high. The flood waters would be surplussed over the
dam.

At a very liberal estimate the possible cost of the
Pravara River Scheme, including the additional storage
and assuming that the larger of the two Rhonda Schemes
is selected, is Rs. 1,20,00,000 or Rs. 1,333 per kilowatt
of continuous power., Assuming that the through rate
charged for power averages 0-33 anna per unit, and that
a market exists for the power, the gross revenue would
bo 16} lakhs or 13-75 per cent. on the capital cost.
The most hkely uses for power in this area are :—

(1) The electrification of the Great Indian Peninsula
Ralway from Kalyan to Igatpuri and pos-
&ibly on to Nasik,

(2) Industries and lighting in Igatpuri, Deolali
and Nasik

The transmission distance would be Kalyan 48 mles,
Izatpuri 32 miles, Deolali 20 miles, and Naaik 25 mules
Detailed surveys have been made for the pips line and
power statton at Bhandardara, and for the pick-up
werr, canal hines, forebays and power stations at Rhonda
Tle surveys for the additional storage on the Ardala
Nala were about lall completed, when work was stopped.

Tasre 20.—Pravara River Irngation figures.

1 Perold 160, October 1o 15th Febreary—123 days (rabi)—

cusecs
{33 Naltdiwlarge taverayd) o83
Adilovs i analsat 1
c1seo Jer tuile fur 80
tula{arsresatobunlh
<1 Pravara canabs) >y
1D sesan nver from
Blanlardara to Ojkar 37 rouglly
0 cusecs for 123 days —8 days
fractnan = 115 days whak is cuinahat toe
Voline @il

T 15 G~ V935 2w m e ft,

() Ana st FUN L2000
intinar) ubore caga
ey ddtbetadas L RS ne i~ 21970 M [t
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Decduct—Volamo  consumed
(sre above) . 6933200m. ¢ 1t
Ares ab  approvimate -
228" contour whero
capaoity of tho tankfs 5735-168 m, ¢. {6.=118 139 m. 5. ft,
Total area 337 9v0 m. 8, fb
Mean arca 108 952 m, & ft,
Deduct loss by evapora-
tion at 2 on mean
area (2'X169 932 m,
s ft) . . . 337005m et

. 5397 253 m, o. fb.

Nett balanco
1L Period 16th February to 15th June =121 duys (hot wenthery—
cusecs N
(a) Hot weather discharge
(average) . 283

Add losses wn canals at 1
cuseo per milo for §0
miles {aggregato length

of Pravara canals) 80
Add losses 1o niver from
Bhandardara to Ojhar 37 roughly.

400 cusces for 121 days—$ days
for a closure=113 days which is equnvalent to—
Volume consumex
400 113X 86400
(8) Area at 225’ contour ap-

proximate where nett
balance (see above) 1n
the tank 1s . 53072353 m.c.ft = 111057 m.s. 0t.
Deduct Volume consum.

ed (see abovo)
Area ab  approxtmate
169’ contour  wherp —————m——
capacity of the tank1s 1491973 ;. ¢ ft == 30062 m, s ft,

3003 280 m. e. {t.

3003280 m ¢. ft.

151019 m o, ft
totsl area and
73300 m s ft.
Riean area
Deduct loss by evapora-
peration at J° on mean
urea (3'X73509) . 226527 m et
1265 40 m, c. ft.

Thus irrigation requirements from 16th October
to 15th June are 12,690 338—1,263-116 = 11,421-012
m. ¢. ft.’but in addition to this a reserve has to be
kept for a late start of the monsoon and shortage in
tho river discharge dunng the period 16th June to
15th October. For these purposes 1,265:116 m. ¢. ft.
way be taken to suflice, 1n addition te which volume
there are 40-530 m. c. ft. available below 5O’ level
sluice 1f required in case of necessity. (Supplied by
W, N. Cartland, Lxecutive Engineer, Pravara Carzal)

Nett balaneo . .



Tanwe 30.—Diavara River, balance Statement at Bhandardon

above Satara at a point where the water level in the
canal is R. L. 3,333. From this it is proposed to run a

BOMBAY ; SITES EXAMINED. 85
.z e Urmodi River, Satara District.—Map 47G/1{ and
iy z é ;: 47K/2. The Urmodi River has a catchment area of
g = 5 &E 2 63 square miles ona lugh plateau above the town of
£ Satara A storage tank formed by an earthen dam is
H fi= g g= 1m existence near the village of Kas on the Plateay,
w N £ zv which 1s the main source of water supply for the town
= v = "E and cantonment. From this tank the water is carried
e = . . o o partly m open canal and partly in a covered duct to
£ e €. 8wl the setthng tanks, a distance of 15 miles There is a
g - g 8g & Ee scheme on foot to place these setthng tanks at s higher
—i—f - level, so as to command all parts of the town. When
H e Ze § g this is done the total fall from the outletlevel of the lake
g < % 5 z° | totheF S L. of the wash-ont tank will be 3659-66—
;o A R 9746=01366 ft. As will bo shown later only a
:(Z R portion of this fall 1s available for power purposes.
ig S o@ if The average rainfall m the catchment area is 13579
¢ - s B nches and the lowest recorded ramfall is 66 29 inches.
e As the catchment area 1s very rocky it will be safe to
t = 2 fe take 50 per cent of this or 33:15 inchesas the mmimum
[ £ Loge run-off, this figure would yreld 2025 m. c. ft. The
£ £8 g2 re gross storage of the present tank is 98283 m.e. ft.
e - and the net storage available for Satara Water Supply
[ E=ge _ F fs 1566686 m ¢ ft. The total requrements of Satara
- £ ., 7 £ E¢ City and Cantonment is 60,000 gallons a day=a con-
e z - tinuous discharge of 1115 cusecs, From experiments
r 2 T, P made 1 1913, the losses in the canal amounted to 39
in f:: g = E.' per cent of the discharge from the tank. Thus, to
g~ 28 2 e obtain a discharge of 1'115 cusecs at Satara, 183
—% = ~————| cusecs must be drawn off from the tank This 3
te e _ & g% equivalent to a volume of 57710 m. o ft. If
is ':; ER-T the dam at Kas was raised 16 ft 1t would be possible
© e = = to store the 202 5 m. ¢. ft. available m the worst yeir's
z Z s Su Ae o ime rainfall, of which 170904 m. ¢ ft. would be avail-
£5 g7 57 é’: s £ at able for use. The subsidiary storage tanks at
gn ¥ Ea 28 % 3= Yeoteshwar on the canal Line are capable of supplying
— < —Z‘ 2 cusecs continuously for the 3 monsoon months,
£e flz gu g= 8 g« which is equivalent to 15897 m. c. ft, making the
ca Zegede oz ge | total volumeavailable 170 90415 897=186 8m. c. ft.
g & Fe RE gf s de The full supply capacity of the channel from Kas is
I s oo Bu o only 5 cusecs, and this could not be ncreased without
- £5 s o 2 £ interfering with the water supply of Satara. A constant
3 d Befig fg 85 %3¢ © 2 &g disch of b cusecs throughout the year is equvalent
bl oA " _ .| toa volume of 1577 m. c. ft, so that it will only
: TLOEnfrE £ §_§: <3 be necessary to raise the dam at Eas to give this net
4 ?.‘g S 22 B4 | storage. Assuming that the same losses of 39 per cent.
.2 2 2 %2 EZZ | in the canal continue, the 5 cusces at the head of the
52 B 2 &2 %é"? canal will be reduced to about 3 cusecs at the point
£ ;:E 5 25esi. where it is proposed to construct a forebay site. It
£z £z, Z o | is, however, possible to reduce these losses at a small
‘; £ e = 5 |\ cost; so the above discharge will probably be increased
2 Ef 2 | todcusecs. The forebay site is situsted on the plateau
a =
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m ¢ ft
high
dam.

would be 3,231 ft lonz and 135 ft
The flood waters would be surplueeed over the

At a very liberal estimate the possible cost of the
Pravara River Scheme, mncluding the additional storaze
and assuming that the larger of the two Rhonds Schemes:
is selected, is Rs. 1,20,00,000 or Re 1,333 prr kilowatt
of continuous power. Assuming that the throuch rate
charged for power averages 0-33 anna per unit, an i that
a market eists for the poner, the gross revenne would
be 16} lakhs or 1375 per cent. on the capital cost
The most likely u<es for power in this area are —

(1) Tke clectnfication of the Great Indian Perunsuly
Railway {from Kalyan te Igitpurt and pos.
sibly on to Nasik.

{2) Industries and lghting 1o Igatpuri, Deolali
and Nasik,

The transmission distance would be Kalvan 15 unles,
Igatpuri 32 miles, Deolali 20 miles, and Nauk 25 nules
Detailed surveys have been made for the pip- hne and
power station at Bhandurdara, and for the pk-up
werr, canal hines, forebays and power stations at Rhond
The surveys for the additional storage on the Ardals
Nala were about half completed, when work was stopped

~

TaBLE 29.—Pravara River Irrigation figures,

1. Period 16t Qctalier o 15tk February=123 duys (rabi}—

cusces.,
{4} Rab: discharge (average) 083
Add losses 1n canals at
cusec per rilo for 80
miles (aggregate length
of Pravara canals) 80
Add Togses 1n niver from
Bhandardara to Ohar 37 roughly

700 cusecs for 123 dayy —8 dayy

for a closure = 115 days which 13 cquivalint to—
Volumo consumed
700X 115X 86,400 = 6933 200 m. ¢ .
(4 Area at Yo S L. (@10
contour) whero capa-
ity of tho tank s o 12090 838 m ¢ fto~ 210-750 nw, sy, {6
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Thus arrigation requirements from 1Gth October
to 15th June are 12,690 358—1,263-116 = 11,424 912
m. ¢. ft.“but in addition to this a reserve has to be
kept for a Jate start of the monsoon and shertage in
tho river discharge during the period 16tk June to
15th October  For theso purposes 1,265:116 m. c. ft.
may be taken to suffice, 1n addition to which volume
there are 40530 m. e. ft. available below 50" level
sluice if required in case of necessity. (Supplied by
W. N. Cartland, Executive Engineer, Pravara Canal.)

Nett balanco . .
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pipe line to a power house situated at such o Ievel that
it is possible to fill the proposed mew wash-out tank
from the tail waters by gravity, say, at B I 2,756
or 10 ft above the ¥, 8. L. of the wach-out tank,
grving o fall of 577 ft. The length of this ppe lme
would be 1,230 ft  The power station site would he mn
rather side-long ground, but no good flat picce of ground
can be found at the required level. The power which
it is possible to develop amounts enly to 150 kW<
continuously, with which a plant of some 300-400
kWs could be mstalled on a commereial basic
The permissible cost of the hydraulie development of
this project is about 385 X 636X 15/12=Rs  3,06,000,
as there would be & very short tranumiscion hine A«
the hydraulic development would only convst in adding
some 12 ft to the heicht of an earthen dam,the staunch-
mg of leaks in a canal hine, the proviston of a small
forebay and a pipe lne 1,250 ft long, this small
project is well worth considermng, Power would be
used for lights and fans 1n Satara city and cantonment
and possibly for the electrification of the proposed
tramway to conpect Satara with the Madras and
Southern Mahratta Railway

83, Burma ; sites ezanuned, —Burma will probably

Notz,—As only 1 115 cusees are required to be discharged ity
the settling tanks, the balanco of the tail water, 1z, 2 855 cusecs
wonld be passed mto the Mahardara Tank which supplies the lowee

portron of Satara town This tank 13 mtuated at R L 2,451 or
302 it belaw the proposed power station  Thia !urPlus water

small.”
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prove ultimately (f this investization 1+ completed)
to T e more avalible poscer thin any other provines
in Indin  Dat the connry it wild nnd seattered and
communications are had, w0 that proere 3 i necessnly
rather slow, Commenting on the Adminiztration Report
of the Burmna Public Worke Depirtment for 1910-20
“ Indian Lnginrening ™ remache (Vol, LXX, No. 12,
prge 166) :

¢ The greatest section covers Iesr than half o page
of the report, the Burmn Hydro-Elertrical Survey.
A hundred useful sites have been soleeted for detaled
report, but the survey has been greatly hampered by
their situation, for the most part, in remote and fever-
stuchen junglos. The <l weneeally has suffered from
acute malarn, and two very prommune subordinates
have unhapply dred. It is Loped that most of the
projects will bo talen up commercirlly, sinco oning to
the dearth of coal except of the poorest quality, and
the large exuting demands on the timber supply of
the Province, the adoption of hydro-clectrieal power
13 an economne neeesaty. It would seem that the
provision of a sanitary board, as for the Punama Canal,
is essential to the success of theso schemes, and no
doubt the Local Government iy considering the matter.
Indeed, the scareity of libour, and the slow progress
m Burma cannet be overcome without first arranging
for the climmation of the mosquito  Nobody acquam-
ted with the Province can doubt this.”

The following table gives a summary of the sites so
far examined 1 some detail, regarding which further
particulars follow. As the regular reconnaissance form
does not appear to have been used the data are
somewhat meagre. MMost of the Burma schemes can be
developed on flow alone.

TapLe 3l~Burma ; Summary of sites exanined.

‘ Contants ] | contonen
. : bito ow Hed, ous
Berial Lver or mitc Nature of supply. nomber. | assumed, R, 1 powa, Rruspss,
| eusees |
(1) | Amashan Raver ., Tlow and Storage 3 50 5 -
(2) | Heho River | Thow'" . 51 37 o
{3) | Hpaungaw Chaung " . o w0 180 Sazy
(1) | Nam Pang Raver " (1) [ 111000
t Ditto Dol . (1) 30 £.000
. Ditto “ o " (e} 210 20,000
(5) | Nam Teng Taser | . . 300 13,000
() | Nam lu River X " 5 20000 | Ose of many
(7) | Panlaung Bner . . . 2, 2. e
(8) | Samgdaing Ruver . .o :l‘(s)g R #4000
Flow and Slocago S 5 5.
O | Tasors cuanng . | T 209 fomse Soms S 50001 | Doubitul
(10} | Yunzaln Raver, | | 250 1578 26000 | Doubtial
(1) | Zawgyr River . 300 "100 “51000 | Probably more.
Tor.
TR 155,500 [
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(1) dmrealan River  Maymyo —This tnbutary of
the Myitnee has a <heer drop of 750 ft at Detdawgvi
falls, which have been mvestigated for supplying
Mavmvo with power  The ecatchment is about 20
<]n"1r(- mile and the discharee haa been gauged down
to 5§ cusers in Mav 1919 and 1= helieved to fall lower,
even down to 2 cusees  There are ctorage possihilities
just abeve the falls and the pipe hine would tako off
direetlv from the reservair.  With storage the small
project 1s probably pood for at least 200 kWs
continuously, and anv rea-onable peak load conld be
met  (Map 93 C5)

(2) Heko Ruer, Yawnglawce. Southern Shan States —
The natural waterfall on this river 1s situated close to
the road from Kalaw to Yawnchwe and near the new
terminus of the Southern Shan States Railwav  The
niver flows to a constderable extent from a very large
perennial epring or tunnel i the limestone rock at
the head of a large flat valler, evidently an old lake
bed. The catchment arca is about 20 square miles,
to rome cstent cultivated in this valley, surrounded
by hills g0 as to form a basin  The lowest discharge
lutherto recorded 1s 57 cusees in March 1920, and it
13 improbable that 1t falls much lower. Tho sotl is
of o peaty nature and appeared likely to afford a
large storage; 1t bas emce however been found that,
asall over Burma, there are ** ye-ngoks,” or disappearing
stream channels, m the rock. In fact, just as the
niver 18 {ed largely from one such, so, if a reservoir
were constructed, 1t would similarly disappear. If
the stream rses 5 or G ft. this happens even mnow,
though ordnanly the discharge goes over the fine
falls The stream discharges™ by these falls,” which
total 777 ft 1n 4,000 ft honzontal, into the valley
above Imle Lake (map 93 Df10, 14). The site was
ongmally exammed by Mr. R. T. D, Alexander on
behalf of the Railway Board, in connection with the
railway referred to, but he considered that there would
be power. Sub ly Messrs. Barlow
and Meares examined the site and appraised it at some
3,800 e b p. mimmum, A detailed survey was under-
taken 1n the cold weather of 1919-20 and, as’recorded
above, 1t was found that no large storage couldibe
relied on  Even dunng the dry weather it is uncertain
whether the entire drainage of the valley finds its way
to the falls  An open charnel of 3,600 ft. would be
needed to reach the forebay site, but a tunnel 1,200
ft long could be used“instead and would almost
certainly be preferable, The pipe line will be 4,150

ft long to give 777 {t. head. Good forebay and

power louse sites are available, TLe continuous
power iy BTXTI7/I6 or 2,050 kWs. which is far
more than would have been required for working
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the ghat section of the railway. The line now runs
to the site.

(3) Hpaungmw Chaung, tributary of Namtu Ruwer,
Sonthern Shan States.—The head waters of this stream
are used for local irrigation in the vicinity of Hsumhsai
(map 93 B/I12, 16) and not much water is available
for power in the dry season. Some 70 cusecs might
be obtamed without interfermg with irngation and a
fall of 480 ft (known as the “ Whispering Devil
fall” in the vernacular) can be obtained not far from
Navwnglan. The minimum power avalable is there-
fore 2,250 kWs continuous, and more if the water
rights were acquired  The site hag been fully examined,
but no further mformation has reached the compiler
of this Report. It is possible that 120 cusecs could
be obtained.

(4) Nam Pang Ruver, tributary of Salween, Southern
Shan States—Three sites have been examined on this
river, all about 150 miles from the nearest railway
at Heho.

(2) Kunkha falls, situated 2 miles routh of Keng
Kbam, map 93 K/12, 16; L9, 13. A dam of 15 ft.
in height and 200 ft. in length is proposed, presumably
for regulation only, but the approximate sforage
capacity ir not stated. With a pipe line 200 ft.
long a fall of 75 ft is obtainable. The minimum
discharge 13 reckoned to be 2,200 cusecs, giving 11,000
kWs. continuously.

(11} Naung Wo folls, about 5 miles north of Keng
Kham, map 93 K/12, 16. A head of 30 ft can be
obtained with a pipe line 350 ft. long, without any
open channel, The minimum discharge here is taken
a3 2,000 cusecs, as there are places whero water ean
escape. (See remarks under Heho River, supra) The
continuous power available is 4,000 kWW's

(i) Loi Ha falls, about 1} miles south of Hoyan,
map 93 'K/12, 16. Iere the probuble discharge ia
assumed to be 2,500 cusecs, but as 2,997 cusecs wers
recorded in April 1920 and there are no regular gaugings
it will be safer to take 2,200 cusces as in site (i). A
small dam of about 300 ft. in length and 20 ft. in
height is required and the available head is 210 ft,
No open channel is required and the pipe line is 2,700
ft. long. The continuous power will be some 30,000
kWs.

(3) Nam Teng River, tributary of Salween River,
Southern Shan States.—A survey has been completed
of the folls on this large river, about 4 miles below Wan
Kun Long, 8 miles due east of Taungyi, and 150 miles
by road fromn Heho station on the S~uthern Shan
States railway (map 93 Lf2, 0) The  discharge
in June 1919 was 792 eusecs and ia May 1931 1,400
cusecs ; tha minimum is not known but may be taken
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ne of the order of 500 cucecs  With an oprn channel
of 1,000 ft. and a pipe line 2,000 {t Iong a head of
896 ft can be obtained, ne ngainst 3759 ft recorded
in an eatlier reconnaiccanee  The <ite ja rather inacces-
sible hut a road could easile be made to it The porwer
available is some 13,600 J\We  continuously, theuch
locally asscesed at 45,000 turbine h p on a discharge
much above that recorded abave

(6) Nam-Tu  Riter—~Thie iz a tributary of the
Irrawaddy River, known as the Mvitnge in its lower
reaches. The rite is on map 93 €0, 13 but 11 not
casy to distinguish, There are many rapids all alang
the river, which hae a large perennial diccharge from
an immense catchment It has been examned in n
considerable number of places but go far only the
Pyaungohoo rapids hase materialized as worth detailed
examination  This site is 32 miles dur south of Nawn-
ghkio station on the Lashio-Mandalay railway  The
gorge has steep sites and might be costly to develop
as there would have to be a diversion tunnel, alsn
the power house site would offer difliculties owng
to the heavy floods encountered  On the other hand,
there is great power even at this one site, and if flood
regulation higher up were posaible the whole niver
could be developed on lifting dams, giving vast power
The fall at the rapids i question is 145 ft The
discharge in March 1921 was over 3,800 cusecs, but
the minimum is not known It is taken locally at
the above figure, but 3,000 is probably nearer the mark,
giving continuous power of 29,000 kW-.

(1) Panlaung River—The mmimum flow of this
river is about 180 cusecs and there 13 o natural lake
reservorr, capable no doubt of bemng increased and
regulated, 1 mile north-west of Kanbyin village (map
93 Cf12, 16). Thero is a total fall of 2,200 ft.
about 17 miles and four alternative projects have been
examined. The value of the site may be taken as
24,000 kWs. over the whole fall, whether developed
in stages or as a whole

(i) The useful fall of 800 ft from the lake to
the plain below at Indwet village could be developed
with a short channel and & pipe line of 1,550 ft. in
length. There is a good power station site, but the
ground for channel, reservoir, forebay and pipe track
is much fissured and may prove difficult.

(17) An extension of (1) by running the channel
further along to a total length of 12,660 ft thereby
getting o fall of 1,100 ft. instead of 800 ft. The
pipe line would be 2,500 {t, long,

(112} This utilizes the water from the lake after the
first fall of 800 ft. and adds tho stream joining below
the lake, these two streams forming the Panlaung
proper. The fall is that hetween o point 11 milesnorth

WATFRR POWER RFOUPCFES,
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of Maoubin villaee (map &3 D9, 13) and a point § mile
upstream from onevi vilhaee (map 93 D/1, 5)  The
fall i apparently in ceniea with No (1) its nmount
ia not stated  but it mav be 2200800 or 1,100 ft,
The scheme ia stated to be n promising one, but i
nnt eompletely exammed.

{1} This utthzes the water of No. (1) with about
12 cucees from other small streams, It is hoped to
make uze of the full fall from the npper section of
the river above Kanbymn silage {map 93 (412, 16) to
the niver near Dalem village (map 93 (Y1, 8). The
channel would be about 17 miles long, with some
tunnele, and the pipe Tme 4500 [t or so to give
2200 ft head. The discharge hero is reckoned to be
212 eusecs minimun,

Of these No (1) has been more fully investigated
than the othera and would give tontinuous power of
some 10,000 kWa, But m all probalulity the whole
fall could be developed 1 stages so the site nmay
be taken as worth 180X 2,000/16 or 21,000 kWa.
The eito 12 some 30 miles cast of the Rangoon-Mandalay
ratlway (Thedaw section, milo 322) and within 15
or 20 miles of the Thazi-Kalaw road.

On the adjmning map 93 D/9, 13, the Panlaunge
Bend is also listed, but apparently this is embraced
1n No. (12) of the full scheme preceding, as the assumed
discharge is the same and the head 15 1,000 ft.

(8) Saingdaing Rirer, trbutary of Mayo, Alyab
Dustrict—(Map 81 D and 81 C.)  This s the only known
site near Akyab. Tlero are natural falls of 65 ft,
named after the river, and they are accessible by
launch from the town. The minimum discharge is
assumed to be 200 cusccs, »o that on flow alone some
800 kW, only could be depended upon continuously.
Alternatively a dam 800 ft. long and 135 ft. high
would give * considerable” storage, but even the
order of magnitude is not noted. As the site with
this storage is assessed at 8,000 turbine b. h, . or say
5,000 kWs., the storage must be fairly large or the
normal disckarge far greater. The site 15 below
Buthidaung, and in the Preliminary Report a minimum
discharge of about 1,000 cusecs was believed to be
probable. The flood discharges nre of the order of
100,000 cusecs, so the reservoir would be filled without
difficulty.

(9) Talainga Chaung and Kyaung Pyn.—These two
streams were investigated in 1919 for supplymng power
to the proposed Cmchona Plantation i Tavoy. The
site is in Lat. 14°20, Long. 98°15. A minimum
duscharge of about 7 cusecs is available with a fall
of 950 ft. so that 460 kWs. aro obtainable con-
tinuously. It appears probable that s regulating
reservoir can be constructed to impound the flow during
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the non-working hours, in which cace any peak load
conld be met up to about 1,500 kW=

(10) Ywunzalin River, tnbulary of Salween —Investi-

gations are i progress along the entire length of this
river above Klothuta Zayat, which 1s 22 miles north
of Papun (map 94 F and G) The discharge was
measured durmg the dry weather of 1920-21 and 13
locally taken a« 250 cusecs mummum It 18 however
doubtful if one season’s discharges give any true indi-
cation The nver bed has no falls, but has rapds
amounting to sfome G600 ft Three schemes for
utilizing all or part of this head have been proposed,
but no details have been sent n except that 327 ft.
gives a posaible lay-ont  The nver is the most pro-
micing one for tupplying Rangoon, which however
at present supplies itself cheaply from nce husk and
wood refuse  Preferable to utiizing the rapids
appears to be a project for diverting the waters with
those of the Thelaw Klo towards the west and nearer
the rajlway, by means of a short tunnel or cutting near
Pyagawpu into the Shwegyin stream. A suitable
dam site has been found below the junction of the
two rivers (maps 94 B/15, 16 snd F/2, 3, 4) In this
case the head would npparcnt]y be 1,678 {t There
would be < good storage,” but it is not stated whether
this would be of the order of 10 or l00 or 1 000 m. e
ft. However, with a mi
help from the storage, of 250 cusecs the continuous
power would be of the order of 26,000 kWs.

(11) Zawgyr Raver, tnibutary of Myitnge—The Mong
g falls are two days’ march from the hill station
of Kalaw, 10 miles from Lawk Sawk, and 50 miles from
Kume Road station The dry weather discharge is
reckoned not to fall below 300 cusecs. The available
head is 400 {t and both open channel and pipe line
are short. Good sites, cheap to develop, exist Yor
regulating reservorr, forebay and power station. The
{alls are spread over about a mule, where the river
makes two nght-angled bends. It is proposed to take
off from the apex of the upper bend, on the L. bank
and thence to run to the pipe head in open channel

350 it long The upper section of the pipe line,
some 1,610 ft long, would run on a small slope to
a surge tower, whence the pressure section 700 ft.
long would descend at an angle of 40° The regulating
reservoir would hold 15 m. ¢. ft and good ground
exists for it The catchment afea is 400 square miles
with an annual rainfall about 45 inch and the average
discharge is probably 600 cusecs, much of which is
from springs. The minimum continuous power avail-
able at this fall is 300X 400/16 or 8,000 kWs.

From the kills to the plains there is a fall of 4,000
ft in 20 miles with a catchiment above Kyaukse of
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about 2,600 square miles. From 1910 to 1918 the
average cold weather flow has been between 515 and
2,200 cusecs in the plaing below, with very heavy
oceasional floods. Taking the total fall the river
appears to be worth some 80,000 kWs. continuous.
(Map 93 G/3, 7, 10, 11, 14, 15.)

84, Central India; sites examined.—Bhopal.
A small supplementary project, for utilizing the
upper and lower city lakes at Bhopal (map 55 E),
was drawn up by Mr. H. P. Gibbs of Tata Sons & Co.
Messrs, Bull and Meares visited Bhopal in January
1920 and reported favourably on the scheme. The
upper lake will have a H. F. L. of R, L. 1,660 ft. when
the proposed weir and shutter are put in at Bhadh-
bhada (1,657 ft. now), and the lowest safe draw-off
level 1s fixed at R. L. 1,649, The spillway level of tha
lower lake, mto which the upper one will discharge.
is 1,641 feet, giving a fall of 8 to 19 ft. From the
spillway of the lower lake there is a fall of 40} ft.
to the tail water level, now utilized by means of an
overshot water wheel driving pumps. Mr. Gibbs®
proposal is to use the lower lake as a forebay and to
utilize the storage of the upper lake for power. The
available storage is 1,140 m. c. ft. with a possibility
of not more than 940 m. c. ff. in exceptional years.
The actual project is based on 700 m. ¢. ft. During
the 8 dry months 33 cusecs can be obtained, and in
the monsoon there will generally be a large excess.
The net head will be 40 ft. and as the draft on the
main lake would cease when the forebay lake was
receiving sufhicient water from its own catchment tho
tail waters are not liable to rise appreciably, The
constant power available is 85 kWs which wounld
work in parallel with the existing steam plant and thus
save fuel with a cheap development, The monsoon
power is much preater, about 200 k\Ws. continuous,
The project is now bcmg re-investigated by a Consulting
Engineer.

Indore, Kanar River—A site suggested by Major
Traill was examined, on map 46 N/f14, not far from
Indore. 1t is almost certainly Ikely to prove prohibi-
tive in cost as only some 200 kWe continnous counld
be obtained from a costly storage.

85. Central Provinces ; sites examined.—The
work done so far in the Central Provinces is mostly
entered under the head of * Sites worth detailed investi-
gation ™ but the Silewani Ghat echeme (Pench and <
Kulbehra Rivers) Chindwara District may perkaps
be placed in the category dealt with in this paragraph.
With a constant discharge of 230 cusecs and a head
of 900 ft. some 13,700 kWs. are available.

This project was suggested by Mr. Batchelor zome
years ago in a pamphlet, which was referred to ot some

o
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length in the Preliminary Report, pagea G2 and 73
and nlso in the Second Report, page 62 As the pro-
jeet has created considerable interest it will be dealt
with here in some detail, to the extent to which infor-
mation ia now available. A thorough reconnaiasance
has been made of the site, proving it to be well worth
detailed survey, althongh it is probable that the power
obtainable 19 not more than about half that sesumed
by the original author of the scheme.

In brief outlne, the project depends on monsoon
storage in two lakes, formed by damming the Pench
and Kulbehra Rivers, tributaries of the Kanhan River
The former is the larger and upper storage, and its
regulated flow will be taken in o tunnel through the
watershed to the latter river, and on to the second
storage. Thence a long canal leads to a smaller re-
gulating storage and cventually toa forchay, from
which a pipe hine runs to a power house on the banka
of the Kanhan River  Localities aro wdicated
below.

WATER POWER RESOURCLA.
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The catchment area above the proposed dam on the
Pench i 260 aquare mile: and at the Kulbehra dam 115
square milea, There is only one rainfall station, Tamia,
on the cdgn of the former eatchment ) tharelote the
records at Pachmatrhi and Chindwarn have alin heen |
uzed in caleulating the yreld.  This has been worked
out by Mr. Barlow's method from each day’s full in
varnous years, the gauging atations being used for those
pottions of the catchment to which they apply best.
An error waa made however in using different mintmum
years at the different gauging stationa; clearly the
same two years, giving the probable Towest combined
¥ield, should have been used. Tn the table <ent in
thiv was allowed for by reversing the yinlds of the
two dry yeara at Pachmarhi and Chhindwara (Pench
rezervoir) go as to give the lowest probable yield;
this would not give correct results, and the table that
follons pecthaps moro nearly represents actual condi-
tions. It tho same rories of years had been used the
results would probably have been slightly higher.

Tanre 32.—Sdewans Ghat, Rawnfall and Yield,

Effective fall in Yrero ., ¢, FEET

the two yoars on

Taingauge station, Year. | Ramfall | Year. | Ralnfall | “jRRedtien T T ’I:m;‘ N T
fication Inches. ment ol 6 ',"';’
s miles | PO col 7.
1 2 3 4 8 [ 7 8 0 10
Pench Reservoir Two driest conseculive years, 18t year, | 2nd year, st year | 2nd year. |
Tamia, <. 1907-8 3197 | 19089 €042 3091 5770 133 3,111 5,118
Pachmatht . . . 1898 9 7080 | 189900 3385 6312 3140 209 1,244 110
Chhwndwara « - . .| 18989 3131 | 183900 | 1427 3109 945 98 1,839 260
Toran . 260 6,704 5,795
.
- Ruluehra Reservorr,
Chlundwara . . 18989 1859 00 3100 115 1,563 191
! Normal year,
Pench Revertonr,
Tamia . | 10034 6523 597 133 6,808 .
Tochmashi . . . .} 191011| 7708 7536 29 1,519
Ch!umlwnm . . . .| 187718 128 3657 98 1,644
Toran . 260 9,961 -
Kultehra Reserroir,
-
Cbhindwars ., . .| 18778 ” 3657 . 115 1,697
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The table is the summary from detailed shects of
eack day’s ramnfall tabulated in the manner explained
in the Prchmmnary Report, page 8, and m para 23
of the present report The catchments on Barlow’s
classification are Tamia, E, Pachmarhi, D, Chhird-
wara, B for Pench and C for Kulbehra. As the draft
allowable depends on the storage and carry-over,
an jeolated bad year can certamly be neglected if
conditions are regulated for the two driest consecutive
years. Therefore, on the data in the table, the average
yield of the two worst vears will be 6,79445,795/2 or
6,300 m. ¢ ft for the Pench and 878 m e¢. ft for the
Kulbehra or 7,178 m ¢ ft 1 all. Normally there
will he 9,961 and 1,697 m ¢ ft or 11,608 m. c. ft.
in all

In the absence of a series of gaugings the only check
that can be applied to these results 1s that on page
331 of Buckley's Irngation Pocket Book, 3rd Edition,
where the percentages of run-off for a small tank
catchment 1n this neighbourhood are given. The
ratio 15 13 per cent, mmumum and 23 per cent. average,
which gives 3,865 m ¢ ft in each of the two bad
years and 10,500 m ¢ ft 1 a normal year.

On page 333 of * Indian Epgineening” for 11th
June 1921, Mr Batchelor assumes yields of 16,100 and
3640m ¢ {t or 19740 m. c. it in all, as against
18400 m ¢ ft mn his onginal pamphlet. There
seems little warrant for such hugh yields mn view of the
above

The Pench and Kulbehra Ruvers were gauged from
June to December 1920, and the following is an
ahstract of the results, with the rainfall at special
ganges 1 cack of the catchments

Pench Ruver (260 sq_milcs)
June 1920—

Ranfall at 3 stations 120, 191, 377 inch.

Total dischargo 163 m c ¢, at Baranga ‘Teli

Maxymum flood 1,207 cusces.

Minunum flow 4 cusees,

Juty 1920—

Ramfall 1201, 7:20, 4 42 inch

Total discharge 662 m, ¢ It at Baranga Tel

Btaximum flood 2,050 cusces

Minpaum flow 4 cusces (under 100 on 7 days only).

August 1920—

Tamfall 1139, 563, 659 wnch.

Total discharge LO17 m ¢ It at Baranga Tel

Mammum flood 5,550 cusces

Muumum flow 76 cusecs.

Scptember 1920—

Rawmfall 493, 353, 141 inch

Total dischargo 1,149 m, o, ft ab Barangs Tell.

Masimum flood 6,307 cusces.

Smmum flow 106 cusces.

October 1920—

No records

November 1920~

Rawfall—Ntl.

Total dischargo 40 m ¢ ft. at Barangs Tell,

Wnimum flow 12 eusces.

mber 1920~
Total duscharge It m o, 1t, to Ioth,
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oi

Hulbekra River (115 5q. miles).
June 1020—
Ramfall ab 3 stations 383, 152, 276 inch.
Total discharge 219 m o, ft. at Khauwara
Madoum flood 1,196 cusecs,
Munmmum flow 2 cnsecs.
July 1920—
Rawnfall 483, 695, 622 jnch
Total dischargo 21% m, o ft.
Maximum fload 1,621 cusces,
Minimum flow 6 cusces,
August 1920—
Ramfall 507, 663, 765 jnch.
Total discharge 326 m. c. it
Maximum flood 3,250 cusces
Mimimum flow 3 cusecs,
Soptember 1920—
Ramfall 197, 123, 22¢ jnch
Total dischargo 51 m. ¢ {t,
Maximum flood—not fecorded
Mimmum flow 12 cusces
October 1920—
No records,
November 1920—
Ramnfall—Xil,
Total discharge 18 m. c. ft.
Muumum flow 7 cusees
December 1920 —
Total dicharge 7 m. ¢ {t. to 15th. \

Clearly with such wide differences in the rainfall,
and only 3 gauges, any determination of run-off from
these readings must be liable to serious error. The
rup-off from the Kulbehra per square mile is much
smaller than that of the Pench. The total yicld in
the 4 months June-Scptember was 2,991 ‘m. c. ft.
for the Pench agamst 810 m. c. ft. for the Kulbehra ;
and the former figure is much below the estimated
minimum yield. Taking the averages of the rainfall
stations the run-off in the 4 months works out to—

Pench 12 per cent., 14 per cent., 20 per cent. and
55 per cent.

Kulbehra 29 per cent., 13 per cent., 18 per cent.,
8 per cent, ; the abnormal result for June
being due to 3 days’ heavy rain. Not
much dependence can be placed on these
figures however.

The site sclected for the Pench dam is just below
Baranga Teli on square 4 of map 55/J, 16. Twelve
villages would be submerged. This dam would be
9,900 {t long and 147 ft. maximum leight and would
impound 8,500 m. c. ft. of effective storage at a
discharge level of R. L. 2,300. This was reckoned
to be the yield in the best of the two driest conse-
cutive years; bub for reasons given the table shows
a lower figure. In further investigating the project
it may be desirable to increase this capacity to the
average yield of say 10,000 m. c. ft. from this catch-
ment, as the carry-over would substantially increaso
the possible draft in a bad cycle. The Pench.River
reservoir, and the daty in this paragraph, have been
used to tlustrate the graphical metbod of determinirg
storages in para. 30 supra.

o2
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A tunnel somo 52 miles Tong with an open channel
would take off direct from the DPench recervoir and
would discharge into a tributary of the Kulbehra
River, by which the water would be earried down
to the Kulbehra reservoir; there would therefore be
no difficulty in regulating the main storage exactly
to the requirements.

Coming now to the Kulbehra River, the dam would
be between Thunia and Khairwara (squate 6 thd)
and 4 villages would be submerged ; the length would
be 10,300 ft and maximum height 94 ft to impound
1,530 m. c. ft of effective storage at diecharge level
2,190. This is sumilarly about the yield of the best
of the two driest consecutive years of this catchrfient.
The Kulbehra reservoir with this considerable capa-
city would be refilled ns required from the Pench reser-
voirj an open channel some 19} miles long would Iead
from the Kulbehra storage to the smaller regulating
reservoir on the Umra Nala (square b of map £5 K/13)
where some 11 days’ supply for the whole project could
be stored (if so much is necessary) ; this agam avouds
any waste from the upper storages. The catchment
area of the Umra Nala at the site near Ekalbehri
is 40 square miles with a mean yield of some 588 m c.
ft. which has been fixed as the capacity of the reser-
voir. It would appear however unnecessary to spend
6 lakhs on this work unless it proves to give substantial
additional power, as 1t is only required as & regulator
ot the end of the long channel. On the other hand,
falls of 10 inch in one day have been recorded, equal

to about 1,000 m. c. ft. on a 40 square miles catch-
ment. This matter requires further consideration
based on longer periods From the Umra Nala regu-
lating reservoir a 6 mile open channel would lead to

a forcbay at Silewani tola on the boundary of squares

3 and 4 of map 55 Kf13. Here 36 m. c. ft. effective

could be stored, which is far moro than ample. The

pipe line would be 4-6 mi. long, leading to 2 powor
house near Nandudhana above tho Kanhan river,
where the fall is 900 ft. The power house site
hiowever is 69 ft. above bed level in the Kankan and
48 ft. above high flood level. To use this additional
head more than & mile of extra pipe would be
required ; but it seems practicable to sink the
power house and run a tail race tunnel to tho
river. This is & matter of cost compared with the
value of the extra power, a3 mnoted below,

The pipe line proposed on the plan prepared

locally could probably be imptoved upom; it

appears practicable to run it along at a slightly greater
slope than the hydrantic gradient, near the 2,000 or

2,050 ft. contour, for some 2 miles; by installing

a surge pipe at the termination the long upper section

. ~
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watld be greatly deereased in enst and rendered wafer
in working

It is rechoned by the investigating officer that on
the basia of constant 2{-honr working n discharge
of 20% cusces coulid be maintained throughont the two
driest years  With suitable carey-over it «rems possible
that 230 cusecs conld in fact be depended upon,  This
would be equivalent to 230x900/15 or 13,700 kWs
continnously. 1f the extra 18 ft  of head referred
to abave could be utihized it would be gnod for an
extra 730 kWs  continuously, or over 6 million
units o year, taken on any load factor, Valued at
1 anna theee give a revenue of 2 lakha extra, which
would jushify conciderable e<penditure,  The water
could of course be drawn off to meet nny peak load
and any conditions of load factor, so that on ordinaty
worhing conditions a plant of 30,000 to 10,000 kW=
could be installd The napproximate cost of the
hydraulic development (up to the forebay) is roughly
estimated as 86 lakhs, which is less than Mr. Batchelor's
total figure. It is made up as follows :—

Iahhs,
FPench rescrvore . .o
Tunnel from sme . 195
Kulbehea rscevorr = o . 15 ¢
Open channel to forchay — « 176
Regulating reservorr . 59

Tors1 839 exclusnve of

forebay.

If a plant of 35,000 kWs were installed this would
be Rs. 240 per kilowatt, so that with the pipo line and
power house the total cost would be of the order of
Rs. B0O per kilowatt installed ; this is distinctly cheap.

The irrigation possibilities have not bgen fully
examined. By throwing a weir across the Kanhan
River the substantial perennial discharge of the power
house could probably be utilized to great advantage
in the commanded areas below ; also, if the project
materialized, irrigation pumping to uncommanded
areas might be feasible where the pumping head was
low.

86. Cochin ; sites examined; the- Chalakudi
River.—As noted in the Preliminary Report, page 8%,
some 19,000 kWs, can, it is said, be obtained under
577 1t. head with a minimum flow of 50 cusecs and
o storage of 1,000 m. c. ft. The schemo has been
fully investigated by Mr. Forbes, Chief Electrical
Engineer, Mysore, Mr. Tate hopes to visit Cochin
shortly. On the basis of minimum contfnuous power
the value.of the site, including the storage, mppeats
to be of the order of 4,000 kWs only, but dataare
lacking.

87. Gwalior ; sites examined.—In Gwalior State
three combined hydro-electric and irrigation projects
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have been drawn up Incally by order of His Highness
the Maharaja Scindia, under the direction of Mr 8. K
Gurtu, M.A,, MInstCE, MIE (Ind), Member
of the Board of Revenue for Irmgation, Gwalior.  One
of these i under construction, and 1s referred to in
another part of this report ; the other two, here dealt
with, wil} no doubt have to wait the completion of
the Parbattt Project. The twno projects which follow
are the subject of printed reports, which have reeerved
the advantage of publicity and ertiessm n * Indian
Industries and Power” and “ Indian Engineering ' ;
and they have also been examined by various irriga-
tion experts  Certain modifications have consequently
been made mn the ongmal destgns  The full Reports
cannot for reasons of space be printed here, but through
the courtesy of Mr Gurtu the following abstract 1s
given of a pote prepared by Lim  The total power
15 stated to be 42,300 kWs continuously

Sendh Ruver Project —It 14 proposed to dam the
Sindh River near Narwar, 40 miles routh of Jhansi
The catchment area 13 2,000 square milex and the dis-
charge varies from some 300,000 cusecs in the ratns
down to 10 to 20 1n the driest part of the year There
are four reservoir Bites which have been investigated,
with capacities from 10,000 to 15,000 m ¢ ft The
original project was drawn up for a single dam at
Narwar, of great height and length, but subsequent
investigation has shown the desirability of the sub-
division which 1s practicable, so as to render gradual
development possible without crushing capital charges.

MADRAS ; SITES EXAMINED.
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It is proposed to use the power for ore smelting, and
the tail race water for irrigation. As the proposal
now stands, the discharge will be regulated from a
pick-up weir at Magroni, where a head of 780 ft.
can he obtained. The power available is estimated to
he some 40,000 kWs continuous as a maximum.

Runo project.—~The river Kuno has a drainage arca
of 1,500 square miles and the discharge of the river
varies from 268,000 cusecs in the rains down to 5 or 10
cusees 1 the driest part of the year. The project
is prumanily one for wrigating 400,000 acres of Jand
liable to drought and famine; but it is one of those
not infrequent cases where it appears likely that neither
wnigation nor power alone would justify the heavy
expenditure involved (800 lakhs) while the combina-
tion may prove remunerative. The main storage is
to be at the Jangarh Dam, with a capacity of 51,000
m. ¢ ft,a pick-up weir across the Dorat Nala giving
large regulating storage. The scheme is not likely
to mature until those previously mentioned have been
taken up, but with a head of 55 ft it will give some
2,300 kWs continuously.

88. Madras ; sites examined.—The following sites
1n Madras have at one time or another been fairly
exhaustively investigated, so that their minimum
power capacqty is known with certainty ; in nearly
every case the power for 9, 10 or more months in the
year is in excess, and sometimes greatly in excess, of
the value here given. The following table is a summary
of these sites 1 —

Tante 33.—Madras ; Summary of siles ezamined.

Cotstant .
Contlnuous
. Sit flow Head y
Senal | Ruver or aite Naturo of supply. | (o0 [ L med ({;f) ([I‘:“l;:r) Revarss,
(cusces) -
Agyar Rwer see Kollamalai
ils,

(1) | Cauvery Ruver, Mekadatu . | Regulated flow . . (1 550 175 6,100 | Seo alo jata. 63
for descloped

Do, Ifogenhal Ditto - [} 550 | 46 (or 83} 1,700 utes
(3) | Kolab River, Bagra ., | Flow and btorage 350 600 14,000 | 8eo alio  Tetha
. B mema Me.
(3) {Kollaimallas Hills (Ayyar Raver) Ditto 30 2,000 4,000 Yerry's project.

(4) |Kundah Raver . . . Ditto M 214200 2,000 5,400
(3} |PemyarLake . . . |Btorage . 250 1,000 16,500 | Prosided that a
p supplementary
rescrvoir i
constructed. =
(©) | Pykara Bver . . 4 Ditte . . . 15 3,000 3,000 | Grant appled for.
(7} | Swumalal project, Aruvi Oda1 | Storage . . . [} 91| 100 1o | Mr. Perry's pro-
wer Jeet () depends
Ditto Ditto . . . (i) 4 660 175 : sorage of
SE————

Torat Kulowatts cooti-

neous.
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(1) Canvery River, (i) al Mchadatu (Gonl's lcap),
Madras and Mysore —See Preliminary Report, page 01.
Theso rapids are 26 miles below the existing Mysore
plant at Sivasamudram (sce pars  63) ond 28
miles above the Hogenkal Falls, 67 miles from Salem.
With 2 minimum flow of 550 cusecs and a fall of 135
it. the continuous power avsilable is 6,100 kWs.
The Mysore Government has drawn up projects for
utilizing these rapids but no works have been cons-
tructed. The river enters British territory 2 miles
below this site

(&) At Hogenkal Falls (Smoking Rock), Salem and
Coimbatore Dustricts —See Prehminary Report, page
90. These falls are 25 miles below the point where

the river becomes wholly 1n Madeas territory, sud 28
miles below the Mekadatu rapids ; 70 miles above Erode
and 50 miles from Kanjamalai. The minimum flow,
as at Mekadatu, may be taken s 550 cusees, and the
head is 85 feet wlich may however be reduced to 46
feet if the Metur mrigation rescrvorr below 18 con-
structed. It would not be safe to design on the larger
head, so the minimum power may be taken as 1,700
kWs continuous. An inspection note dated 14th
August 1918 on the site by the late Cluef Enginecr
for Irrigation (Mr. W J. Howley) is on record mn the
Sirvey.

(2) Kolab River, at Bagra Falls, Koraput Agency,
Vizagapatam District —This was mentioned in the

ddendum to the Prel y Report and a short
doscription Wwas given on page 74 of the Sccond Report.
The site has now been further examined by Mr. Tate,
who has modified the existing proposals somewhat.
This scheme is locally preferred to the neighbouring
one on the Machkand River (g. v), It may be noted
that the Indravati River also rises on the Jeypur
Plateau, but its power possibilities lic at Chitrakot
falls in the Central Provinces (g. v.).

The Bagra falls are reached by o circuitous route
from Salur B. N, R., in many stages. Tho catchment

area 13 approximately 600 square mules, of which the
tributary Dadi River accounts for 150 square miles,

The minimum run-off calculated by Strange’s tables
18—

w e ft
Kolab . ., ., . . ., . 8
a0 L LDl 2:400

Totar . 11,200

The minimum flow, gauged in May 1919, was 100
cusees for the combined streams. The rainy geason
]1}5!8 for 6 months and storage would have to be pro-
vided for 7 months, though the actual flow would be
Ii" in excess of the minimum for a largo part of this
time even in dry years. Mr, Tate's proposals involve
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a dam in the firt instance in the Kolab only, at a
point some 6 mles ahove Mr. Sneyd’s sito ; if required
o dam site has alvo heen exanuned on the Dadi, but
~this would not need to he built at first  Tho storages
allowed for are each 7/12 of the run-off given above,
or5,000and 1,600 m, e. ft re<pectively. The constant
available discharge is therefore—

Kuhih flow
wosteriw L L L

Torre

e Now . . . .

w  storace . . . .
Torat o5

or, eventually, 380 cusees abt the headworks. The
ate found for tho Kolab dam by Mr. Tate has tho
required capacity' with 660 f¢, lenzth and 80 ft. in
Leght, whereas neither of the older sites havo it even
with 100 ft of height. His Dadi resers oir dam would
bo only 60 ft Ingh.

From the dam the water will flow down the natural
bed for some 6 mules to a diversion weir close to the
onginal dam site, where the river makes its great
night-angled bend. Thence an open channel 2 miles
long leads to a regulating reservoir of 60 m. ¢, ft
From this reservoir a tunnel 3,000 ft. long leads
through the ridge to the forebay, where a fall of some
600 ft can be obtamned back to the same river. (The
height was ongunally given as 750 to 800 ft. but
presumably the latest figure is right } The pipe length
13 about 2,500 ft only, running on the spur on the
left bank of o small stream mear Bodligura village.
Here the power house site is located, at the foot of the
ghat. The constant power available is 380 600/15
or 14,000 kWs on the lowest computation. The
hydraulic development up to (but escluding) the power
Louse is estimated by Mr. Tate to cost some 140 lakhs.
On commercial load factors this would be of the order
of Rs. 450 per hlowatt installed (say 30,000).

As in the caso of the Machkand, whick it joins,
there is no doubt that if the floods are regulated at
the site examined the river could be developed by means
of lifting dams to the extent of a further 15,000 kWs.
or more in the course of its rapids to the junction.

Mr. A. 0. Duff, L.C.S., at one time Special Assistant
Agent at Khoraput, recorded the following note during
& tour in this nrea :—

“ It is lamentable to sce these perennial supples
of water power running to waste. With
these and with its enormous mnatural
resources in wood, iron, manganese and
cultivable rice land Jeypore ought ‘to be
one of the richest zamindaris in Madras.”
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Clearly thie i< more true than ever now, when the
new harbour at Vizagapatam is about to be made;
the distance 1= only 100 mules, a trifle m these days
of 300 miles transnussions, and the power requirements
of the new port will mevitably be large 1f cheap power
i grailable (See also Tethguma falls on this river;
para 105}

(3) Kollamallar  Mills, Awyyar River, Salem  and

Triclinopoly Distriect —(Map 58 1/7) As noted in
the Second Report, pace 75, Mr H W Terry 1s res-
pancible for the diccoverv and preliminary work en
tlus site, which has since been examined by Messrs.
8neyd in 1920 and Tate m 1921 Two ramfall stations
have been established i the catchment as to which
httle was known before  The run-off has heen calcu-
lated by Barlow's method (para 23 <upra) for
the year March 1920 —February 19210 and wa~ found
1o be 18 inche- from a total ramfall of 58-4 meh (This
is very probably ton low) By comparison with the
records for the 3 driest consecutive years at Yercaud
1n the Shevaroy hills, 23 miles to the north, the minimum
run-off (in the driest year) 1< caleulated to be 63 inches
From gaumngs 1t 15 believed that the mmmum flow
available will be 7 cusces, this 18 made np of 4 to §
cusecs at the dam site with a supplementary 1 cusecs
from the tributary joining the Ayyar at the falls below
Arupuls temple and a further 2 cusees from the Katha-
vadi tributary Mr Sneyd considered that n the
worst period a storage of 600 m. ¢ ft would supple-
ment the flow for the 6 dry months so as to ensure
a constant discharge of 30 cusces The reservoir
site surveyed by 3Mr Perry would hold 700 m. ¢ f{t.
which should just be obtanable from the catchment,
and the ground appears favourable for the dam
proposed. Subsequent investigation by 3Mr. Tate
copfirms that officer's opmron  Mr. Tate expects a
minimum run-off of 65 inch from the main catchment
above the dam .of 19 square miles or 287 m. c. ft.
in a bad year. There is however another 16 square
mies of catchment between the dam and the intake
to the flume, which would give the whole supply
assumed for st least the two wettest months, 8o storage
would be required to supplement the flow for 10 months.
Mr. Tate takes the minimum constant supply as 7
cusecs flow plus 10 from storage or 17 in all. An
additional carry-over from normal years of some
400m. ¢ ft, netcould however apparently be depended
upon, equal to a further 15 cusecs, which brings the
minimum back to 32 cusecs or say 30 cusecs.

The fall is 2,000 ft. 5o power of the order of 4,000
kWs. continuous can be expected. In  1920-21
the ramfall was exceptionally high and a run-off of
794 m. c. ft. above the dam was ecalculated. As
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during such a season the whole supply would be
obtamed from the lower catchment the excess of this
over the capaaity of the tank would probably be lost.
In a modcrate year there should be no surplus, as the
draft would continue concurrently with the inflow
whenever the lower catchment could not supply it.
One hamlet and 200 acres of dry cultivation would
be submerged. There is a suitable escape on a ridge
about } mule from the dam site, joining the stream
agam. From the dam the water would flow in the
natural bed to near Arupali Temple (level 2,500 ft.)
and thence m a flume 41 miles long. There are several
stream crossings and the ground is very steep. A
substdiary flume 2 mules Jong would lead from the
Kathavad: tributary.

Trrigation considerations enter the problem. The
area wngated under the Ayyar, above its junction
with the Cauvery, is:—

Acres.

Threct 1rrazition . 3112
TIndirect |rr|vv:mon 4,324
et ierization of dry fnds 700
ToriL 8,130

With o draft of 30 cusecs the stream bed will always
be wetted, and the effect on the tank-filling power
of the river will not in Mr. Tate’s opinion be appreci-
able There may however be difficulties over com-
pensation of the local land-owners. The Kathavadi
Ayur is generally dry, so offers no difficulty due to
1ts submerged diversion dam. As regards the main
dam, this will act as a flood regulator, giving a con-
stant discharge, while the freshets from the tnbutaries
below will continue to fill the tanks as heretofore.
The first irrigation anicut is at Pulianjolai, § mile
below tho tail race, and there are others lower down
still. Of the 42 square miles of catchment at this anicut
only 19 square miles are behind the main dam. Mr.
Sneyd considered that the sole effect of the dam would
be to conserve water now escaping unutilized during
floods, whereas the 30 cusecs would materially benefit
lands under the higher anicuts by giving an unfailing
supply of 30 cusecs.

The chief market for power would be Trichinopoly
and the district around. The Salem iron district is
nearer still,

(1) Eundak River, Nilgiri Hills—See Drcliminary
Report, page 90. This project has been fully worked
out and an agreement entered into with Messrs, Tata
Sons & Co., for the use of it. With storage of 00
m. ¢ ft. and a working head of 2,000 ft. some 5,400
kWs. continuous power can be obtained. The
minimum flow assumed is 21 cusees, supplemented
when necessary by a draw-off of 20 cusecs from the
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(1) Cauvery River, (i) al Mckadatu (Goal's lrap),
Madras and Mysore—Sce Prehiminary Report, page 01
These rapids are 26 miles below the existing Mysore
plant at Sivasamudram (sec para. 63} and 28
miles above the Hogenkal Falls, 67 miles from Salem.
With a minimum flow of 550 cusces and a fall of 175
ft. the continuous power available is 6,400 kWs.
The Mysore Government has drawn up projects for
utilizing these rapids but no works have been cons-
tructed. The mver onters Britich territory 2 miles
below this site.

(i) At Hogenal Falls (Smoking Rock), Salem and
Coimbatore Districts.—See Preliminary Report, page
90. These falls are 25 miles below the point where
the river becomes wholly in Madras terntory, and 28
miles below the Mckadatu rapids ; 70 miles above Erodo
and 50 miles from Kanjamalai, The mmimum flow,
as at Mekadatu, may be taken as 550 cusees, and the
head is 85 feet which may however be reduced to 46
feet if the Metur irngation reservoir below 1s con-
structed. It would not be safe to design on the larger
head, so the minimum power may be taken as 1,700
kWs continuous An mspection note dated lith
August 1918 on the site by the late Chief Engineer
for Irrigation (Mr W. J. Howley) 1s on record m the
Survey.

(?) Kolab Ruwcr, af Bagra Falls, Koraput Agency,
Vizagapatam District.—This was mentioned in the
addendum to the Preliminary Report and a short
description was given on page 74 of the Second Report
The site has now been further examuned by Mr. Tate,
who has modified the existing proposals somewhat.
This scheme is locally preferred to the ncighbouring
one on the Machkand River (g. ».). It may be noted
that the Indravati River also rises on the Jeypur
Plateau, but its power posstbilities lie at Chitrakot
falls in the Central Provinces (g. v.).

The Bagra falls are reached by s circuitous route
from Salur B N. R., in many stages. The catchment
area is approximately 600 square miles, of which the
tributary Dadi River accounts for 150 square miles,

The minimum run-off calculated by Strange's tables
isi—

Kb . L. L L St
v LD T T T T 2
ToTaL . 11,200

The minimum flow, gauged in May 1919, was 100
cusecs for the combined streams. The rainy season
lgsts for b months and storage would have to be pro-
vided for 7 months, though the actual flow would be
(;u in excess of the minimum for a large part of this
time oven in dry years. Mr, Tate's proposals involve
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a dam in the first instance in the Kolib only, at a
point some G miles above Mr. Sneyd's site ; if required
n dam site has alin been examined on the Dadi, but

~this would not need to be built at first,  The storages
allowed for are each 7/12 of the run-off given above,
or 5,000 and 1,600 1. c. {t rrq)c(‘li\'(‘ly. The constant
available discharge i3 therefore—

cusees

Kelbilow . . b
wostorie oL L L

Tore

Dy tlow . . . . . .
w slorize . . . . . .

ToTt .
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or, cventually, 380 cusces at the headworks, The
site found for the Kolsh dam by Mr. Tate has the
required capacity’ with 660 ft, length and 80 ft in
height, whereas neither of tho older sites have it even
with 100 ft of hetght. Ihs Dadi reservoir dam would
be only 50 ft high.

From the dam the water will flow down the natural
bed for some b6 mules to o diversion weir close fo the
onginal dam site, where the river makes its great
night-angled bend. Thence an open channel 2 miles
long leads to a regulating reservoir of 60 m. ¢ ft.
From this reservorr a tunnel 3,000 ft. long leads
through the ridge to the forebay, where a fall of some
600 ft can be obtamed back to the same river. (The
height was onmgnally given as 750 to 800 ft. but
presumably the latest figure is right ) The pipe length
15 about 2,500 ft only, running on the spur on the
left bank of n small stream near Bodligura village.
Here the power house site is located, at the foot of the
ghat. The constant power available is 380X 600/15
or 14,000 kWs. on the lowest computation. The
hydrauhe devel t up to (but excluding) the power
house is estimated by Mr. Tate to cost some 140 lakhs.
On commereial load factors this would be of the order
of Rs. 450 per kilowatt installed (say 30,000).

As in the case of the Machkand, which it joins,
there is no doubt that if the floods are regulated at
the site examined the river conld be developed by means
of lifting dams to the extent of a further 15,000 kWs.
or more in the course of its rapids to the junction.

Mr. A. O. Duff, 1.C.8., at one time Special Assistant
Agent at Khoraput, recorded the following note during
o tour in this area :—

“It is lamentable to sco theso perennial supplies
of water power running to waste. With
these and with its epormous natural
resources in wood, iron, manganese and
cultivable rice land Jeypore ought to be
one of the richest zamindaris in Madras.”
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Clearly this is more trne than ever now, when the
pew harbour at Vizagapatam 19 about to be made;
the distance 1= onlv 100 mules, a trifle m these days
of 300 miles transmission= and the power requirements
of the pew port @il inevitably be large f cheap power
e available  (Sce also Tethguma falls on this river,
para 10%)

(3) Kollamallm  INlle, Ayyar Rirer, Salem  and
Trichinopoly District —(Map 58 1/7) As noted in
the Second Report, page 76, Mr T W, Perry 13 res-
ponsible for the diecovers and preltmunary work on
this site, wlich bas smmee been examined by Messrs,
Sneyd in 1920 and Tate 1n 1921 Two ramfall stations
have been establiched m the catchment, ns to which
little was known before  The run-off has been caleu-
lated by Barlows method (para 23 supra) for
the year March 1920 ~February 1921, and was found
ta be 18 mnchec from a total ranfall of 58 § mnch. (This
is very probably teo low) By compansen with the
records for the 3 driest consecutive years at Yercaud
1n the Shevaroy Lills, 25 miles to the north, the minimum
run-off {in the driest year) 1s caleulated to be 6% inches.
From gavmngs 1t 15 believed that the mmmum flow
available will be 7 cusecs, this 13 made up of 4 to 5
cusecs at the dam site with a supplementary 1 cusces
from the tributary joining the Ayyar at the falls below
Arupuli temple snd & further 2 cusees from the Katha-
vadi tributary Mr Sneyd considered that in the
worst period a storage of 600 m. ¢. ft would supple-
ment the flow for the 6 dry months so ns to ensure
& constant discharge of 30 cusees The rescrvoir
site surveyed by Mr. Perry would Lold 700 m. ¢ ft.
which ghould just be obtamable from the catchment,
and the ground appears favourable for the dam
proposed  Subsequent investigation by Mr. Tate
confirms that officer’s opnion  Mr, Tate expects a
minimom run-off of 6-5 inch from the main catclment
above the dam .of 19 square miles or 287 m. c. ft.

in & bad year. There is however another 16 square
miles of catchment between the dam and the intake
to the flume, which would give the whole supply
assumed for at least the two wettest months, so storage
would be required to supplement the flow for 10 months.
Mr. Tate takes the minimum constant supply as 7
cusecs flow plus 10 from storage or 17 in all. An
additional carry-over from normal years of some

400 m. c. ft. net could however apparently be depended

upon, equal to a further 15 cusecs, which brings the

minimum back to 32 cusees or say 30 cusecs

The {all is 2,000 ft. so power of the order of 4,000
kWs. continuous can be expected. In  1920-21
the rainfall was exceptionally Ligh and s run-off of

791 m c. ft. above the dam was caleulated. As
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during such a season the whole supply would be
obtained from the lower catchment the excess of this
over the capacity of the tank would probably be lost.
In a moderate year there should be no surplus, as the
draft would continue concurrently with the inflow
whenever the lower catehment conld not supply it.
One hamlet and 200 acres of dry cultivation would
be submerged. There is o suitable escape on o ridge
about } mile from the dam site, joining the stream
again  From the dam the water would flow in the
natural bed to near Arupali Temple (level 2,600 ft)
and thenee in a flume 4} miles long. There are several
stream crossings and the ground is very steep. A
subsidiary flume 2 mules long wounld lead from the
Kathavadi tributary.

Irrigation considerations enter the problem. The
area urigated under the Ayyar, above its junction
with the Cauvery, is:—

Acres.

Directamgation . . . . . 312
Indirect yrmgation . . . . 4,31
Wet arrigation of dry Iinds .. 700
Totit . 8,136

With g draft of 30 cusecs the stream bed will always
bo wetted, and the effect on the tank-filling power
of the river will not in Mr. Tate’s opinion be appreci-
able. There may however be difficulties over com-
pensation of the local land-owners. The Kathavadi
Ayur is generally dry, so offers no difficnlty due to
its submerged diversion dam. As regards the main
dam, this will act 23 a flood regulator, giving a con-
stant discharge, while the freshets from the tributaries
below will continue to fill the tanks as heretofore.
The first irrigation amicut is at Pulianjolai, § mile
below the tail race, and there are others lower down
still. Of the 42 square miles of catchment at this anicut
only 19 square miles are behind the main dam. Mr.
Sneyd considered that the sole elfect of the dam would
be to conserve water now escaping unutilized during
floods, whereas the 30 cusecs would materially benefis
lands under the higher aricuts by giving an unfailing
supply of 30 cusecs.

The chief market for power would be Trichinopoly
and the district around. The Salem iron district is
nearer still,

(4) Eundak River, Nilgiri Hills—See Preliminary
Report, page 90. This project has been fully worked
out and an agreement entered into with Messrs. Tata
Sons & Co., for the use of it. With storage of 800
m.c ft and a working hesd of 2,000 {t. some 5,400
kWs. continuous power can be obtained. The
minimum flow assumed is 21 cusecs, supplemented
when necessary by a draw-off of 20 cusecs from the

¢
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stotage reservoir. It ia proposed to instal 10,600
kWs. of plant.

{5) Pertyar Lake~This has been fully investigated
and a grant has been given for the water power rights.
There is some 16,500 kWs. continuously available
for 240 days in the year, but at present power cannot
be assured for the rest of the year. See Preliminary
Report, page 91. A supplementary reservoir would
enable a continuous supply to e maintained, so the
site may safely be nssessed at its full value. Head
1,000 it.

(6) Pykara River, Nilgiris—Ths has been fully
investigated, and negotiations are still proceeding
as to its utilization ; the Kundah River could serve
the same area. The power available is not less than
3,000 kWs. continuous and may bemore. By passing
through the watershed a head of 3,000 ft. is available,

(7) Sirumalai Project, Aruvy Odav stream, Madura
District—This project was worked oup by Mr H. W,
Perry who published o pamphlet on 1t n 1917, wide
Preliminary Report, page 92 A reconnaissance of the
site, which is on map 58 J/4, has since been mado by
Mr. Tate. The hills are close to Kodaikanal Road
railway station and are reached from there.

The catchment atea of this small tnbutary of the
Vaigai River is only 8 square miles and the project
depends mainly upon storage. There are two branch
streams, the Ponnuriri and the Sortar, with s number
of natural waterfalls , the project prepared by Mr Tate
involves two stages :(—

() A lower dam on the combined stream m the
Seravanai Xhad, impounding 130 m, c.
it. (eventually taking the tail race dis-
charge from the upper site) with a 7,000
ft. channel at R. L. 2,500 (forebay) and
a fall thence of 1,700 ft. to a lower power
house at R. L. 800.

(i) An upper dam on the Ponnuriri in the Periya
Odai Khad, impounding 160 m. c. ft.
with a 4,000 ft, channel at about R. L.
3,350 (forebay) and a fall thence of 660
it. to a power house at R, L. 2,690 above
the lower dam.

If developed, the lower site only would clearly bo
used in the first instance, supplemented by the upper
storage when requited aud by the upper power station
eventually. There aro no contoured maps available,
#0 it is not possible to judge whether the two branch
streams could be joined up at the upper reservoir level
tmd the whole drop to Aruvier main fall developed
in one stage; if ‘this were practicable, 1t would be
preferable to the proposals made. '
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The discharge will normally be at its lowest in May
and, if the south-west monsoon fails, in September.
Ordinanly the rains continue from the middle of June
till the middle of December.  Both branch streams are
Hable to sudden spates of great intensity, and a flood
discharge of 12,600 cusecs waa estimated at the lower
dam gite in 1917, lasting for a few hours  The minimum
flow, so far as is known, is about 2 cusecs at the same
point. Thete are no rainfall stations in  the catch-
ment ; the surrounding plains receive an average of
30 to 35 inches but the hills undoubtedly receive far
more. In the absence of information Mr. Perry's
estimate of 65 inches average is o probable one; but
the mmimum is not known. Mr. Tate takes the total
run-off as 25 per cent. of the total minfall, giving
207 m c. ft. off 8 square miles with a rainfall of 65
inches. The catchment appears to be of elass D or
possibly 1 i Barlow’s classification (para. 23
supra) and even in a deficient year tho cstimate of
25 per cent. appears very low. Mr. Perry assumed
GO per cent. which 1s probably far too high.

Lower site (1).—The dam site has a sheet rock founda-
tion, and with a dam height of 100 ft. the width
would be only 500 ft. at the top, the banks sloping
down at 2 to 1. The capacity, as stated above, is
130 m. c. ft. The long lower flume traverses almost
precipitous ground 1n parts, on the river bank. Only
a small forebay site holding 12,000 ¢. ft. is considered
practicable, but by runming it along the contour as
an enlarged flume more capacity may be obtained.
The amount mentioned would not provide 15 cusecs
for the 40 minutes which it would take the water to
traverse the flume, so that security of flow would
involve waste of water at the forebay. The lower pipe
line will be 4,500 ft. long on a good rock founda-
tion. The lower power house site is favourable in
area and nature and well nbove flood level. The
constant power available from this site alone may be
taken as 4 cusecs under 1,700 ft. head or roughly
450 kWS, continuous, If however tho upper reser-
voir were also constructed, when required, the con-
tinnous flow would then be 9} cusecs, giving 1,000
kWs. continuous,

Upper site (it)—Tt is very doubtful if it would pay
to develop the upper site for the very small power
available ; but the building of the dam alone would,
as shown above, more than double the power at the
lower site. In the absence of the flume the regulated
flow would utilize the natural bed. The upper dam
would be on rock in a gorge, and with a height of 80
ft. the width would be only 300 ft. at the top. The
capacity would be 150 m. ¢ it. The flume Jine
would run on very steep rocky ground on the left bank
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for 4,000 ft. to a forebar <ite agamn of too small capa-
city, mz. 8,000 ¢ ft only The upper pipe hne
would be 1,500 ft long miving 660 ft  head, to a very
limited power house site at the «ide of the gorge  The
power availahle at this upper site would be 4 660/16
or 175 kW. continnous onlv It would scarcely
he likels that this would justify the expenditure on
the channel and works, on the other hand, if the
upper dam were already bult to supplement the power
at the lower site 1t is possible that these works might
eventually be remunerative No estimates have been
made except those mn Mr Perry’s onginal paper He
estimated the cost of the lower scheme, with both dams,
at 153 lakhs, but this (uf correct) would be equivalent
to some 17 lakhs or more now The estimate in any
case was hittle more than guess work as 1t was stated
that “ the Pelton wheels are very simple and could
be made locally ”'  Accepting a figure of about 17
lakhs for the whole lower project up to Madura, this
would be Rs G680 per kilowatt imnstalled for a plant
of 2,500 W«  which would be about right on 1,000
kW continuous rating. The figure is certamly
not prolubitive, and m fact allows a margin Some
8} milhon umts could be generated, and nearly 8
millon delivered m Madura ; the capital charges at
12 per cent would then only come to 0-41 annas a
untt delivered to the sub-stations m Madura, After
allowmg for distribution the power could certainly be
remuneratively sold as cheaply as it 19 in Madras City.
The storages would be very valuable for irrigation.
During the dry months the flow at site is at present
only 1 or 2 cusecs whereas it would become 9} cusecs.
The first tank 1rngation is 3 miles below the site.
Canal falls wn Madras.—Seventeen canal falls of
from 4 to 12 ft were recorded in the Prelimmary
Report None have been developed. There is an
annual closure on all the canals ir question, and power
would only be available for 9} to 11 months each year.
Tt 15 possible however that use might be found for
this discontinuous power, either by ruuning the plant
from two falls closing at different periods, ar by using
bsidiary plant, or by i tmg with p ial
systems. The minimum power available from all
the falls together 18 some 2,400 kWs. for the period
mentoned
89. Mysore ; sites examined ; the Gersoppa falls,
Sharavati River.—This famous waterfall is on the
boundary hetween North Kanara, Bombay Presidency,
and Slimoga, Mysore. The falls are within 20 miles
of the sea and near Blatkal harbour, a port of the
future (map 48 J/12). The catchment area is about
150 square miles with a mean annual rainfall between
June and September of from 75 to 100 inches and 150
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inches in the Ghat portion. The fall is 800 ft. The
Chief Electrical Engineer to the Government of Mysore
has submitted a report to the Darbar for a project to
cost 11 crores of rupees I half this sum be taken as
the total cost of development at the falls, at the high
cost of Rs 1.000 per kilowatt of continuous minimum
power, the site would be good for 20,000 kWs,
Tt 1s probably far more.

00. Punjab; sites examined.—The Punjab
undoubtedly has enormous potential power throughout
the whole Himalayan atea; but so far attention
has been mainly concentrated upon one great
project with its subsidiary branches. There are some
small power schemes working, as noted elsewhere (para.
68), and one project mnvolving several canal falls is the
subject of an agreement between the local Government
and a promoter (para. 75) and as the specifications have
been prepared 1t may be considered as in the construe-
tion stage. When further power 1s required in the
provinee 1t can be found, as the notes on areas and
sites for detailed examination, or not so far exammed
at all, will show, In the list which follows the Anu
and Nangal projects are subsidiary to the Sutlej River
project, but the alphabetical ar t is ined.
The following is a summary :—

TABLE 34.~—~Punjab; summary of sites examined.

Mz nlmum
Nature | constant | Head, | conti.
derml Riser of tla [ wous
supply | assumed, poser,
ons | W
’ Flow and 10§ 1013 1270
() Amn regulating
storaze
(2} Sutlef at Nanzal Flow 3,300 87 8000
(3) | Sutle] River project . [ Tlow 2,300 r 363 | sa000
ke

| Toraz

(1) Anu Khad project.—This tributary of the Sutlej,
joining the mam mver not far below the Simla hydro-
electric station, was originally belteved to be the most
favourable one for development for the further pressing
neéds of Smmla and its neighbourhood, as well as for
construction purposes on the main Sutlej River project.
Two possible methods of development, on the full
available head and lower down stream on a reduced
head, were examined by Colonel Battye ; only the more
complete one need be considered here, as a partial
development which would prevent subsequent com-
plete utilization is undesirable. The head available
is 1,913 ft. to obtain which two open channels of a
total length of 14 miles long are necessary. Corapari-
son of the catchment area and local rainfall with those

»
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of the neighbouring Nauti Khad {the Simla Works)
seemed to show that 20 cusecs could be depended upen
as o minimum, as the catchment runs up to about
11,000ft and snowheslate. With the artificial storage
reservoir designed there would then have been enough
regulating water in hand to meet any peak load within
the projected plant capacity, although not ecnough
to supplement the average flow 1 dry perinds. Un-
fortunately the exceptionally dry spring of 1921 upset
all calculations, and for 33 days i Apnl and May the
flow only averaged about 10 cusecs, Although o
masonry reservorr could le constructed to spread this
flow over any desired load conditionsit would requm-e
2:8m c ft to augment the average snpply by a smgle
cusec over that period. The capacity of the Ann
Khad cannot therefore be rated higher than 10x 1913,15,
or 1,270 kWs' continuous on flow. Nevertheless
the site may be found useful at a later date. The project
actually included two reservows with an aggregate
capacity of 1273 m. ¢ ft Allowing for sufficunt
reserve to meet any peak load at the end of the dry
period this storage would give just over 4 cusecs for
such a period of 33 days as has been experienced ;
thus with this large artificial storage the continnous
power would only amount to 1.800 kWs
(2) Nangal project, Sutley rver —When 1t was found
that the Anu Khad (previous entry) could not be
depended upon, Colonel Battye turned to the mam
nver as an alternative The site at Nangal had
been suggested by Mr. Nicholson, the officer who drew
up the Bhakra Dam project, as a switable source of
power for the construction of the dam. There is
sufficient power for the whole of the immediate needs
of the area within the Simla hills as well as for the
construction work on the Satlej River project; and
the latter will, it may be anticipated, be working
bLefore the irrigation dam construction begins,
Below the dam site, and in the great bend of the
river, there are two semes of rapids each with a fall
of sbout 30 to 40 ft. Theupper rapids lie between
Nangal and Dabkhera (1 m. map 53A/7, square B),
while the tail race from these could feed a plant
at the lower rapids if it should ever be necessary.
Not only is it intended to use the upper Nangal
site (here alone referred to) for present needs,
but also as a standby plant to the main project.
The scheme is therefore drawn up on the basis of a
* productive work.” The gross head is 37 ft but
the tail waters may rise 8 ft. and reduce the avamlable
head to this extent at flood times. A canal some
4 lu.ﬁu‘t long leads from the headworks to the power
station site.  The record minimum flow is 3,330 cusecs
t0 that the minimum continuous power avalable is
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8,000 kW=, for when the headia redueed there will
be o great excese of water. It ia proposed to instal four
2,200 K\Ws. <eta {1 spare) and to run a transmission
Tine from Dahkhera to Kalka and on to Sumla, at 41,000
volts  Tiventually the transmiwion linea and snb-
stations will (with the plant) form part of the main
project ; but 1f thic doesnot mature Nangal can <tand
up alone.

(3) Sutley River Iydro-Llectrie project.—This great
scheme was referred to at length in the Preliminary
Report, pace 96, where 1t was somewhat  confused
with the Bhakra Dam irrigation project which happens
to overlap the power scheme, the two however are
separate and distmet and an no way antagonistie;
in fact the irngation project will eventually help the
power scheme It would be unfair to Colonel B. C.
Battye, DS O, R.E, to do more than snmmarize
the conclusions of his detailed Project Report, which
was submitted to the Punjab CGovernment i June
1921, as the result of 18 months’ special duty. The
great loop on the Sutley where it enters the plains
may be seen in any Atlas, but it can best be studied on
the 1 in. maps 53A/7, 8, 11 and 12. IHere the course
of the niver was deflected as 1t cut through the foothills,
sa that a great hend occurs same 12 miles round and
only 61 miles across at the chosen point, between
Malbuna (53A/11, square 6) and Kirthpur (334712,
square 1). It 1a proposed to tunnel through the ridge,
which r1ses to 3,400 ft here, and to develop the greater
part of the fall so obtamed. The bed level at the
head works 18 about 1,315 ft. while at the return to
the mver 1t is about 92t ft ; but the normal
difference in level between the pond surface at the
tunnel entrance and the tail water at the site sclected
1s 363 It giving a net working head of 321 ft.

The lowest recorded discharge of the Sutlej here,
during the 20 years of record by the Irrigation Branch,
is 3,330 cusecs, as recorded above (Nangal). The mini-
mum flow in o normal year is considerably more,
namely about 3,700 cusecs, while the average cold
weather discharge (which storage may some day render
available) is far greater. The minimum continuous
power available is therefore 3,330x363/15 or say
80,000 kWe,

Turning for a moment to irrigation problems, the
Sutlej now feeds the Sirkind canal from headworks
at Rupar; but further extensions on this canal
system are urder consideration and in this
connection the Bhakra dam project has been drawn
‘up  The dam site is near the north-eastern point of
the loop ; the dam itself is designed to impound 112,000
m c. ft of water with a height of no less than 395
ft. The waters will head up far beyond the gorge
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where the tunnel takes off and will add 150 ft  to the
gross and nett head available. With this merease
in view a prescure tunnel has been designed, as other-
wier not only would this potential head be lost but
the problem of dissipating some 75,000 h p at the
tunnel entrance would have to be faced The great
reservorr will normally be full in August, and s in-
tended to discharge throughout the winter so as to
be emptied by February, thus giving a contmuons
additional discharge of some 6,000 or 7,000 cusecs,
From the time the reservoir empties till the snows
begwn to melt (in April or May) and augment the nor-
mal dischargs, this immense additional power could
only he made available by a subsidiary storage higher
up-stream . there are however smtes which have been
exammned roughly, and 1t 18 rechoned that the scheme
can ultimately be developed up to a minimum con-
tinuous power of about 2£0,000 KkWs when all
storages are lad down.

The proposed tumnels are 20 ft. m diameter and
9,836 ft long. They run nto a surge and distri-
buting chamber from which 5 remforced concrete tun-
nels 1,810 ft long will lead off to the side of the hills
where they merge ite 10 ft. steel pipes runming
down to the power house, a distance of 8,70t {t
This makes 2 total of 20,350 {t from the tunnel
entrance to the power house. Tle velocities at normal
full load are 106 and 85 ft. per second in tunnel
and pipe respectively

Tive 16,000 kWs, sets are provided in the esti-
mates, the generating voltage being 13,200 The
usual governing system 15 provided with in addition
a system of bye-passes to take care of hoth sudden
and gradual changes of Joad  In fact 25 per cent of the
flow 1s to be continuously bye-passed, except at full
load Each set has 1its own 100 kWs exciter
driven by an induction motor and there is, in addition,
a 6th spare exciter et driven by an induction motor
and a pelton wheel All heavy switchgear is to be
remote controlled from the transformer station located
(owing to the nature of the ground) some 400 yards
away from the power house The generating and
E. H. T, switchgear controls are located 1n o building,
but the transformers and E H, . switchgear are
embodied n an outdoor type steel structure station,
two sets of bus-bars bemng provided

Four banks of transformers are contemplated, two
for the Delhi trunk and two for the Lahore trunk,
the capaaity of each single phase transformer being
7,500 kva,

There are two mam trunks at 132,000 volts, one
going to Delhi (with a spur from Amritsar to Patiala)
and one to Chuharkana—about 30 miles beyond Lalore,
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In addition there are branch lnes at 41,000 volts
as follows :—
(i} Sonepat to Bhiwani.
(1i) Patiala to Dhuri and Rajpura.
(1) Kalka to Simla.
(1v) Jullundur to Ludhiana.
{v) Amntsar to Tarn Taran.
(1) Lahore to Ferozepore.
{v1i) Chuharkana to Lyallpore.

All the larger towns covered by this network are to
be tapped by outdoor substations (standardized as far
as possible), the distributing voltage being 3,300 or
m certain special cases 6,600. The constant voltaxe
system has been adopted owimng to the length of the
lines and the size of the load. This mvolves'the ms-
tallation of about 50,000 kva of synchronous con-
densers, divided up between Delhi, Sonepat, Ambala,
Kalka, Jullandur, Amritsar, Lahore, Chuhkarkana and
Lyallpore.

A 250,000 circular mil aluminium-steel cable has
been selected for the main 132 kv, lines, strung on
80 ft stcel towers spaced 1,000 ft. apart in the
plams (ve., when clear of the Siwalik range). Two
circmts are provided, one on each side of the tower,
the 3 phases being spaced vertically one above the
other. The 44 kv towers are 50 ft high, with an
average spacing of 500 ft. ; the cable sizes vary with
each spur.

With regard to the demand for power in the province
a census has been made which shows that there are
some 22,000 kWs actually mn existence {1919)
1 the area covered by the project. Data for rate of
growth have been obtained from all over India and
collated, and a reasonable yearly increase in demand
arrived at The net result of the investigation show-
that, assuming that the existence of cheap power has
a moderate effect on the rate of growth, the plant
will be loaded to its full capacity of 80,000 kWs.
in about the year 1912, assuming 1929 to be the first
year of operation,

The rates to be charged for power are on a shding
scale and vary fron: -65 to 1-00 anna per uait for all
consumers taking , more tlan 20 LWs, the larger
consimers of course paying less. Provision is made
for the conversion of factories to electrrc drive by
the promoters of the scheme, the cost being recovered
in a few years by means of a small conversion tariff.

" The scheme when completed, 15 expected to cost about

91 crores and to pay about O per cent in the I4th
year of operation.

91. Punjab; canal falls.—A full list of the canal
falls in the Punjab was given in the Prehminary Report,
page 97, and it is unnecessary to repeat it here. In

rz
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every case peniodic closures for inspeetion and repmis
ate made when powible and emergent closures when
necessity, but for the purpozes of this report the
closure may beignoied. The following summary shows
what power is available on noermal (not mipimum)
discharges.

TasLE 35—y, canal fulls,

Y 1
— ?"l'l"" Rilow tt«

Upper Jhelum Canal 5 3,000
wer " o 2,500
Upper Chenab 4, 2 11,000
wer ., " . ' 0
Upper Bari Doab (Raxs) Canal 20 44,000
Lower ., » ” 2 4,400
Sirhind Canal (Sutley) 28 23,000
Western Jumna Canal 1 0w
ToTAL . (] 01,200

On mimmum flow tlus may he reduced 1o 40,000 kW «,

Four falls, included 1 the above summary, are those
carmarkel by the Punjab Hydro-Electnic and Indus.
tries Development Association, as noted under the
head of “plants under construction™ (para 75).
Should the Woolar Lake barrage w Kashmur be built,
the present system of rotational closwies between the
two Jhelum canals will be much modified.

A grant for development of the falls of the Upper
Bant Doab Canal, where 1t takes off from the Ravi at
Madhupur, has been appled for by the Subera Hydro=
Electric and Agncultural Development Ass>uation ,
un older concession to Sir Thomas Higham and others
for the same falls has lapsed. There 1s a fall of 109
it. in 4-6 miles; 140 ft 1n 7} mules, 175 ft. 1 9}
uules, and 200 ft. n 13 mies The mimmum re-
corded flow 15 1,300 cusecs, wlile much more water s
generally running. By constructing a special power
channel, and not using the main line at all, continuous
power can be practically assuted.

Sir Thomas Ward, late Inspector-General of Irn-
gation, suggested further possibilities on the Western
Junma Canal, in connection with the rebuilding of the
level crossing ot Dadupur. As at present designed
there are two falls not far below the regulator, arnd it
would not be dufticult to get 7 ft hcad with a general
minimum flow of 2,000 cusecs and 1,200 absolute.
1f uny storage sites should be found higher up a further
cunal could be constructed at a higher level and it
urigation could be worked from the fall referred to
There would always be tome 900 kWs available.

Me. E. 8. Lindley, Executive Engineer, also made
vome useful suggestions regarding these canals, and
possiblie bination of falls, especially for sub-soil
pumping und Dfe frrigation. So far the tube well
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experimental work near Amnitsar has been hept on
w0 small a <cale that its full posabilities can hardly
be ganged.

2. Sikkim ; sites examined.—In the Prelic
minary Report, page 37, Messrr, Burn & Co., fikkim
project the Lagslip <cheme was erroneously entered as
“under construction.”  No construction has m fact
The project however has been
mvestigated.  The ate i< at Lagylap Pass, east of
Gangtok, at n high elevation near the snow hine, and
not far from the divide. The project utilizes a peren-
nial trbutary of the Tista, flowing from a snow-fed
Lake, whteh can be dammed as o regulator. The site
s near a gap n the water-partmg, through which a
diversion can be made  With an apen channel, a steep
fall of 2,000 ft can be obtained mmto the Roro Chu
or Tahsouche Nala The site is eapable of giving
5,000 AWs continnously at o very low cost—about
1% anua per umt on full development. .

93. United Provinces, sites examined.—Before
proceeding on leave Mr. T M. Lyle, Executive En-
gncer i charge of the Survey, submitted a preliminary
note on the season’s investigations, 1920-21.  The work
has since been carricd on by Rai Sahib Shanker Das.
The various sttes examimed are summarized in the fol-
lowing table, after which abstracts of the reconnaissance
reports are given in alphabetical order.

The results of the reconnaissance of the Ganges and
1ts tributaries in the Himalayap area is given in consi-
derable detail. The Sarda-Kali-Darma-Gori tract is
much worse off for communications, and much more
dufficult of access than the Garhwal Rivers and Western
Almora ; the latter are on pilgrim routes

Rewah offers great possibilties. Mr. F. E Bull, lately
Chief Engineer, mspected the various falls on the Tons
group and was much impressed by their possibilities.
He pointed out however that in all these Rewah sites
the question of carry-over for deficient seasons will
require careful handling So far the “bund” has
generally been proportioned to impound the average
calculated run-off. 1If so built, a considerable volume
would have to be kept in reserve until required in a
deficient season or scries of tiwo deficient seasons. Al-
ternatively, the storage could be increased by the
amount of the carry-over required, sceing that the
excess would be obtainable as often as not; this alter-
native however will probably prove less favourable
financially than the first one. In all these Rewah
projects, finding suflicient earth will be s difficulty,
Mr. Bull further remarks: “In this matter we are
hampered by want of real knowledge about the run-
off from any given rainfell, and considering that
the smount of power to bo snticipated is from 50,000

been begun as yet.
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tn 7000 ¢ h p from the Purva and Chichar sites
together 1t would be worth while putting up an auto-
matic recording gauge on the Tons, so that the period
of flonds could be recorded and tle total diecharge

TanLe 36 —United Provinces ;
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in the seacon of hnown rainfall accurately measured.”
As to this, Chapter 3 of this Report may be read ; the
neeessity for the work of correlating rainfall and run-
off is great.

summary of sites examined.

renal River or site Noture of mapply ’
D — - o - I
Alahnands Itiner { Bee Gangra below
Bhagirath Biver )
(1) Bagh {Bacham) Nady Sorage .
() Dalhier Nai . - . !
(3)  Doekar Bnver " .
() DehnRiver . . . " N
{5} Chahla Nala . - ;.
(6) | Chandraprabs Rier B P
(5)  ChaprerNala . . . - R
Dhaubganga River—
Nee Ganges
(5} Ganges River and tobutancs | Plow and Iiting dams
()  GohnaLako . . .
(10)  Goorma River . . . Sorage . , .
(11) | Gumti River . . . .
(12) | JumnaRaver . . . Tlw . . ., .
w0 U Lifmgaams Ll
(13) | KeramoasaTurer o 0 Storage . L L
i
" - Jdtomg L L,
(14) | Kemawat Kali. . . |Storage . . .
(15) | Kemasn Nala . . . M e
(16} |KenRwver. . . . |IlowandStorage. .
17) | Kos Bver oo | Flew .o oL
- .« .|Flowandstorae. .
(8) |Koww . . . .{Stoage ., . .
19 | MsmaBmer . . ], PN
(20) | CddaBiver . . L Ce .
(1) | Pasum River . . . o° PR
22) | Patar Nala P Lo
(23) | PindarRiver . . || Flowaud lfting dams .
(21) Ihm'vaupA Ruer . [Fow . . . .
(23) | Ranj'N. . .| Btoraz .
o) |bardatiner .+ . |Tlow (Llltnw dams?) L
1) | Barju Biver .o ” " .
*(28) | Tons Raver (Rewah) . . |Storage .~ . .
Vishouganga—beo  Ganges
sbove,

‘ |
Constant
Suto flow Head | Continuous
number,  assumed (i) 1o RExaras.
(cusecs) -
90 130 2,600 | Irrigation  will
benefit,
. 158 155 1,600 Ditto.
410 350 11,000 | 130 miles from
Cawnpore.
17 125 1,800
. 22 245 360
.. 105 390 2,730 | Promising
11 240 175
'
Multeple 300 40,000y, Dependent  on
310 oo,noo} flood  regula-
300 40,0003 _ tion
. Doubtful.
650 ,500. | Promusing.
- . . Doubtful,
0] 750 168 000 .
) 750 255 13,000
Multaple 750 100 20,000
o 298 232 | 3500 | Very good nnd
deaired
Darbar.
w0 215 170 2,500
13 133 120
10 240 160 .
3,000 150 30,000 | Irngaton  will
ben
130 175 1,500 | Far moro af up-
per site wero
‘ dencloped.
() 150 100 4,000)
iy 300 850 17,00) } Alternatives,
13 310 270 ..
. 210 353 5,000
145 600 0,000
20 180 250 L«r;.e “power it
Itwan  reser.
Your made,
11 240 173
Multiple 1,000 1,000 15,000 l\‘rndmt L
tion,
100 100 50
10 280 30 .
1 500 Nut determened.
. or more.
? . Intto.
1,410 345 A boe progect.
ToTaL . 2,610 [ say 370,000
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(I) Bughv (Bagham) Nedi, Tributary of Jumna.—
This site is 10 miles south of Kalinyar Fort (map
63 C/8), 21 miles North-east of Panna, and } mile
north-west of the deserted village of Kudakpur, on
map 63 D/9, 13, It is 115 miles from Cawnpore
There are two natural falls elose together, making up
with rapids a gross head of 480 ft of which about
430 ft could be utilized (Aneroid levels) The Nadi
dries up by Aprnil, so storage would be the basis of the
project  The eatchment area 13 110 square miles and
the rainfall station nearest 1s at Panna, The dry
weather fall (8 months) average 5 mches and falls to
19 mch mmimum ; for the monsoon 1t averages 17
inches and falls to 20} inches minimum The highest
fall in one day is 14 4 inches on 8th August 1919
The estimated run-off is 5,100 m ¢ ft average and
2,000 m. c. & minimum. It 15 proposed to make a
long carthen bund, 3 miles by 60 {t lugh, a furlong
or so above the upper fall, with a flank escape on the
left bank. The capacity would be 3,600 m c ft
which would generally be obtamed. The submerged
land is mostly jungle, but there are 2 or 3 villages 1n 1t
No open channel is necessary ; a pipe line } mile (?)
long would lead directly to the power house site about
1 mile north-west of the upper fall (A forebay site
is mentioned, but it 18 not clear how 1t would be fed
in the absence of an open channel or a longer pipe.)
The tail race water could be used for irngation lower
down in the Banda distnict The site 1s estimated to
give 90x430/15 or 2,600 kWs continuowsly, and
oppears to be a VCIY promising one in view of 1ts"com-
bined power and irrigation possibilities.

(2) Balher Nadi, tribueary of Belan and Ganges, Mirza-
pur District—See Preliminary Report, page 100, and
Becond Report, page 79  This very promising scheme
has now been surveyed, and estimates are under pre-
paration  The natural fall of 79 ft. can be brought
up to 155 ft ; it is 1 mile south of Sirsi village, on

map 63 L/9, and about 5 miles from the junction with
the Belan  The stream dries up in the hot weather.
The rainfall at Robertsganj show an average fall in the
8 dry months of G} inches with a minimum of 16 inch.

In the 4 wet months the average is 39} inches and the

minimum 27} mehes  Tho highest fall in one day was

8:69 inches on 21st June 1911.

Catchment is 220 square miles and a run-off of 5,870

m. c. ft, is expected on the average, with a minimum

of 1,080 m. c. ft. A storage sitc has been surveyed

1 mile above the fall, where an carthen bund 2 miles

long and 63 {t. high, witha flank escape, will mpound

5,800 m e ft with a waterspread of 12 square miles.

Ten villages and » good deal of agricultural land would

be submerged. From the rescrvoir a pipe line 4,000
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ft. long wonld lead to a power Louse sitd 2,000 ft.
below the fall. By making an open channel 3 mile
long the pipe could be reduced to } milo with a lows
of 23 ft. of head. The solution appears to be a light
clased pipe leading to o surge tower. The cost of the
storage will be ahout Re 303 per m. c. ft, which is
cheap  The stored water would also be valuable for
the Belan canal, zo the whole east would not fall on the
power scheme. Mirzapue 15 25 mules off and has con-
siderable power demard. The power available is
168 x1565/16 or say 1,600 kWs continuous. The
Konchwa and Khabhwa Nadis within 10 miles could
posubly supplement this source

(3) Bechar Ruver, tributary of Tons, Rewak State—
This is mentioned, in connection with the Tons Project
(q v. below) in the Second Report, page 81. There is
o natural fall of 367 ft. or 380 ft in all about } mle
north-east of Chachm village, and not far from the
Tons fall (map 63 H/1, 5). In the Preliminary Report
this fall was attributed to the Tons There is a small
perenntal flow, and 14 cusecs were found so late as the
15th May 1920 The catchment is 639 square miles.
The ramfall at Rewah, in the catchment, averages 3-7
nches 1n the 8 dry months, but drops to nif occasionally.
In the monsoon the average 1s 374 inches, and the
muumum 24} inches A run-off of 17,800 m . ft.
average and 11,800 m. c. ft. mnimum is estimated.
An earthen bund 1 miles long and 63 ft in height,
with a flank escape, just above the fall, would im-
pound 15,200 m. ¢. ft. Good land with 40 villages
would have to be submerged. An open channel 1
mile fong on the left bank would lead to the forebay,
which would probably be common to this and the Tons
development. The pipe line would be 600 ft.
long and the stte is capable of giving $40x380/15 or
11,000 kWs continuously. The distance to Cawn-
pore is 130 miles and to Allahabad 60 miles. Project
estimates are under preparation.

(1) Belan River, tributary of Tons, Mirzapur Distric’.
—The Preliminary Report (page 100} held out prospects
of small power here, while the Second Report {page 79)
raised the estimate but pointed out difficulties in the
way of submerged land. A survey has now been made.
There is a natural fall (old Kote waterfall) of 49 ft.
capable of extension to 125 ft ‘about 1} mule south
of Mukha (Makha) village on map G63L/10, reached
from Mirzapore The river dries up in May and carries
very lttle flow even in March. The catchment is
308 square nules and the rainfall records at Roberts-
gunj (see Bakher Nadi entry) hold good. The run
off is estimated as 8,200 m. c. ft. average and 5,700
m. ¢ ft. minimum. An earthen bund 1 mile long
and 101} ft high about a furlong above the fall would
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impound 8.2 m ¢ ft with a waterspread of 22
square miles  As stated in earher reports, the sub-
merged land is mostly good agneultural, contaiming
22 villages  Two miles of open channel on the left
bank lead to a good forebay site, whence 2,000 ft
of pipe would be requred The power station site
would he at the junction with the Bisali Nala, and
would require to be cut out of rocky ground. The
power avalable is 217x125/1b or 1,800 KW=
continuous
As stated 1n the Second Report (loe. cif ) a fall of 300
feet could be obtaned into the Son River, but it would
be an expensive development, this however requires
to be looked mto further.
(5) Chahla Nala, tnbutary of Baght /Baghain) Nads
and of Jumna —This site 15 reached from Panna and
~ a mile north-east of Jhanda village on Map 63 D.
There 1s a natural fall of 190 ft and a total fall of
215 ft with rapds, as found by aneroid. The catch-
ment area 1s 25 square nules of steep, rocky country,
and the ramfall 15 as given under the Baghi Nala above.
The estimated run-off 1s 1450 m ¢ ft average and
%0 m ¢ ft mmmum A bund or dam 1} mmle
fong and 80 ft lugh 13 proposed just above the fall,
earth 1s not plentsful, and 1t 1s doubtful if the project
could bear the cost of a masonry dam. The capacity
is 930 m. . {t, which 1t 1s believed could be depended
upon. The submerged area 1s all waste land. A pipe
line 3 mile long would lead from the reservoir to the
power house, close below the fall. It is believed that
360 kWs could be obtained continuously.
(6) Chandrapraba Ruver, tributary of Karamnasa
and Ganges, Benares State —This was mentioned 1n
the Preliminary Report, page 100, and further mfor-
mation was given 1n the Second Report, page 79. The
site has been surveyed and estimates are under pre-
paration. The site is reached from Benares (36 mles)
and 1° on map 63 P/1, about 6 furlongs from Dhusaria
(Dhoosoorea) willage. There are two natural falls
apgregating 238 ft. close together which with rapids
will give 390 ft altogether, by levellng  The viver
dries up in April or May; gaugings are being made
at other seasons. The catchment arca is 109 square
miles, of which only & part is m the lulls, The rainfall
records (30 years) at Robertsganj, just outside the
catchment, are given under the Bakher Nadi abave.
The probable run-off is known fairly accurately and is
taken as 3,844 m. c. ft. average and 2,529 m. e. ft.
mumimum. A msin storage reservoir is  proposed
about 1 mile above the upper fall, using an earthen
bund 5,000 ft long and 80 ft. high, with flank and
saddle escape. The capacity is 3,844 m, ¢. ft. with a
waterspread of 6} square miles, and this will be filled
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almost every year The submerged land is mostly
jungle, with a little agricultural land and two villages.
Some 3 miles of channel on the left bank are necessary,
mncluding 4,000 ft of tunnelling and four Nala cross-
mgs  The forebay site is 1} mile below the lower or
Rajdari fall, and provides sufficient regulating storage
to save waste There are difficulties over making a
yovwer station site 1f the shortest length of pipe line
(1,000 ft ) 15 used , but as 3,000 ft of pipe are re-
quired to reach a good natural site the money would
probably be better spent on excavation work. A 4-
mck to the mile map has been prepared, showing
the headworks site, channel alignment, forebay and
power house sites.  The power available is 105x 390/15
=-2,730  kWs continuous. A cost of about
Ra 1,000 per kilowatt 1s forecasted, but on commer-
cial load factors it will of course be far less. The
scheme 15 a very promising one, especially in connec-
tion with the Karamnasa (q. v.).

(7) Chaprer Nala, tributary of Ken Rirer, Panna
State —This small nala, 16 mules sonth-west of Panna
City (map G3D/2) has a2 natural waterfall of akout
216 ft and, with rapids, can be developed (including
draft head) for 250 it head, by aneroid determina.
tion. The nala runs dry in March, so development
could only be by storage. The catchment area at
the fall is 15 square miles only. The rainfall at Panna
(9 miles distant) is given above under the Baghi River,
The run-off 1s estimated to average 696 m. c. ft
with a mmimum of 278 m. c. ft. It is proposed
to store 480 m. c. ft. and this can be depended npon
to fill practically every year. The storage site is
about 300 ft. above the fall and 7 miles south-west
of Baraur. Here a 50 ft bund about 1 mile long,
with a flank escape, will store the quantity stated at
a cost of about Rs. 500 per m. ¢. ft.; the ground
submerged would be jungle A pood forebay site
exists, but if this were used there would be some lows
of head, while water will also be wasted, It will clearly
be preferable to take n pipe from the reservoir ditcet,
using a surge pipe at the forebay site, whence a pressure
pipe about } mile long leads to the power station site,
} mile from the fall. By means of a draft tube the
whole fall could be used, though the power statinn
would be 20 ft above bed level. The continuous
power available on the storage alone is Ux 21018
or 176 kWs only. This 13 hardly to be worth
development, but if small power were needed it woyld
appear ta be likely to Le moderate in comt, [The
remarks as to rainfall and (in proportion to cateh.ent
area) run-off, and the method of develupmery would
be the same for the Kemasin, Kuria ard Patar Males
entered below.)
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(8) Ganges River, in Himalayan arca, with its tri-
butaries the Bhagirathi and the Alaknanda, the latter
including the Vishnuganga and Dhawliganga.—The
following extracts are from Mr. Lyle's inspection note
of 4th March 1921, relating to his reconnaissance in
November and December 1920 -—

“The object of this inspection was to gain o general
idea at first hand of the general conditions of this tract
of Garhwal and to see if there wete any really obvious
sites for developing hydro-electric power on a large
scale. It is useless going into detail in small schemes
until we have a general idea as to the main possibilities
of the larger rivers.

“ There 15 no use in describing 1 any great detail
the valleys at mnumerable points My object in this
report is to give the main aspects of the nver with
a view to power development, and I shall state these
as briefly as possible

“The whole Ganges valley 18 rather disappointing
in Tespect of power possibilities  The volume of water
is undoubtedly large but the formation of the valley
is on the whole unsmtable. The valleys are narrow
in the stretches that have o flat slope and where the
valley looks fairly wide and likely to give useful storage
the bed slope is so great that no considerable length of
reservoir would be possible without an enormously
luigh dam. The question of impounding water seems
therefore impracticable. In the second place, the
valley sidesin reasonably accessible localities are not
sufficiently canyon-like nor is the rock generally suffi-
ciently sound to allow of the construction of high dams
for the straight forward putpose of congtructing artificial
falls to give the requisite head for power In the
third place the valley sides are too steep and unstable

as a rule, in such tracts as have a fair bed slope, to en-

sble the water to be extracted from the river and be
cartied along the hillside in a canal or flume in order
to accumulate sufficient head

 Where high dams are being considered with 2 view
to storage it must be remembered that theso would gene-
yally entail the submersion of a large proportion of
cultivated land, as where the hillside is at all flattened
out the villagers have taken advantage of this to con-
struct their terraced fields. Every scrap of such ground
is most valuable in Qarhwal, where the proportion of
culturable land is so small, and more especially as
these low lying patches of cultivation are generally
the most fruitful, as they can often be irrigated from
cither the main river or a subsidiary stream. Garhwal
is very subject to famine and the lessening of the
cultivated area would be a serious matter. On the

?lher hand the very fact that it is so liable to famine

i3 8 cogent argument for the development of any
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local industries that it might be posible to foster by
the supply of cheap power.  The railway that is
projected from Rikikesh Road to Karnprayag would be
an immense advance in many ways, and the powibility
of this heing constructed in the near future wns borne
in mind in these investipations. Karnprayag ia 116
miles from Hardwar by the pilgrim route (to Badri-
nath), and it is just within this stretch of river that
power, if available cheaply, would be within trans-
mittable distance of the plains, along an alignment
that would be casily aceessible for erection and main-
tenance

* The Ganges River proper only extends up to Deo-
prayag, where 1t is formed from tho confluence of the
Alaknanda and Bhagirathi Rivers The former of
these is the main stream and, in continuance of the
Ganges, forms the boundary between British Garhwal
and the Native State of Tehri Garhwal. The Alak-
nanda extends right up to Vishnuprayag near Joshi-
math, where 1t 1n turn is formed by the junction of the
Vishnuganga and Dhaulig: Rivers, The former
comes from Badrinath and the latter from the Niti
Valley. Up to Karnprayag, in what might be termed
the ‘accessble’ portion of the Ganges system, the
slope of the bed ranges from about 10 ft. a mile to
20 ft. o mile. The surveyors of the Hardwar-Karm-
prayag Railway found that the average slope in this
reach was 14 ft a mile, which agrees very closely
with my barometer observations Above this the
river has a steadily increasing bed slope, soon develop-
mg into 30 ft. and eventually towards Badrinath
300 ft o mile. The main valley has the appearance
of a trough scoured out by a strong velocity of water,
which would necessitate a rapid bed slope. The bed
of the river is also as a rule down on solid rock. It is
possible that m recent times, speaking geologically,
the lower or onter end of the valley has been graduslly
raised until the bed slope has been flattened out to its
present state. Tt will thus be understood that the
very portion in which it is most desirable to have faci-
lities for development of power is just the portion in
which the natural conditions are most unfavourable.
Higher up there is much more power, if we think of
power as o product of ‘volume’ and ‘ gravity,
though the difficulties of utilizing it even here are
also great owing to the narrowness of the valley and
the steepness of the hillsides

“ Considering the ¢ accessible * portion of the river,
1t is evident that any project for power must be de-
pendent on an artificial fall, which means the construe- ~
tion of a masonry dam. The octual construction of
such a dam would entail as the most troublesome
feature the temporary diversion of the river, in order to
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et in shid foundations  This diversion would reguire
heawy works as the mmmum flow of the Ganges proper
up as far a< Deopravag cannot be less than 5,000
cusecs and the Alaknanda between Deopravag and
Rudrapravaz would be i the region of 3 000 and from
Rudrapravag to Kampravag 2000 eucees  This would
also onls hold for about 1 to 3 months i the winter.
a< during the hot weather the melting of the snows
<wells the solume of all these mam nvers enormously
This 15 further angmented when the monsoon breake

¢ There are three ponts on the nver where a diver-
s0n of the water 1~ retsonaliy posaible,  These are
(1) nule 35 of the Hardwar Badnnath Distnet Road.
three miles below Kothibhel Public Works Department
(21 at Deopravag mie 58 of

Inspection Bungalow
mile 4% of the road

the Road and (%) w1 Kotesway
3 miles above Rudrapravag

* (1) The Kothbhel site i~ at a quick bend of the niver
which has formed a vers decrded “loap’ at this
place.  The niver which has been runmingin a westerly
direction suddenlv turns north and changes qmekly
after a mile  mto a Joop  flowing south At the
point where the road crosses the  saddle 1 would be
possible to tunnel the one lunb of the mver mto the
other and the tunnel would probably not be longer
than a quarter of a mile  Below th tunnel a tempo-
rary dam might be put as soon as the tunnel was ready,
and the river diverted through to the other side  The
permanent drom mqht then be bindt on the downstream
lanly at a pownt upstre on of the ent of the tunnel where
there s a narron gmge for a short length

“This i> only a hnef outlime of the 1dea, wlich
would entall many difficult problems of actual con-
struction  The strata at the site proposed for the dam
are dipping towards a southerly direction of about
110% and their vertical angle 1s about 707, so that
the ¢am would be built at night angles to their bedding
Mancs  This would require careful geological mvesti-
pation  The band of rock that forms the gorge stands
well out into the river on both sides of the loop and is
of liarder material than the other rocks in the vicinity
A dam of about 300 ft high would be possible. If
1t were feasible to utibse a flow of 4,000 cusees with a
net head of 450 ft thie would give about 160,600
¢ hop

“(2) The niver at Deoprayag had onginally another

channel on 1ts southern hank just above the junction
with the Bhagirathi The bed of this is about 40 ft
above the present river surface, and the two are se-
parated by a bluft some 80 ft lugh above the dry bed
The flood waters use the recond channel occasionally
as a spill channel. Tt would be possible to build a
dam here to give a liead of about 80 ft, but as tlus
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would submerge a portion of the town of Deoprayag,
it does not appear to be a workable proposition  The
sacred meeting of the waters of the Alaknanda and
Bhagirathh would not be interfered with, as the dam
would be upstream of this place However 1 do not
think 1t 15 worth thinking about in present circum-
stances

“(3) The river just above Koteswar narrows into
a very tight gorge, with practically vertical lime-
stone chffs on either side. This limestone is of good
hard quality ard hLes nearly honzontal with a slight
dip towards the upstream side, so that the ¢onditions for
foundations are favourable The river in the gorge
takes a curve and it would be possible to divert the cold
weather waters through a tunnel drilled i the rock
on the left bank, to discharge just opposite the little
temple downstream of the gorge, which would not b~
mterfered with in any way, With a dam 300 ft.
high there should be power of about 45,000 e. h. p.
avallable, assummg a net head of 250 ft and a flow
of 2000 cusees The main diffieulty about this scheme
w that the niver runs i a narrow valley below the
site and there 13 no very good position for a power
house, but probably this could be overcome There
15 2 posible site Just below the dam site on the left
bank, and another about a mle down on the right
bank  Both banks are here British territory.

“1 think both sehemes Nos. 1 and 3 should be sur-
veyed in detail early next season, m October-Nov-
ember. And I am of opinion that scheme No. 3
will probably prove worth carrying out, It would
not be so ambitions as No. 1 but it would be a “safer’
engineening feat, and would be a first stage in an en-
deavour to harness nivers of this hind well inside the
Himalayan tract 1f successful it would open up
big prospects for Garhwal. If the project can be
shown to be reasonably sound finaneally it would surely
be possible to use it in the sclieme for opening up the
country by light railways.

““In the higher stretches of the Ganges river system
there are many tight gorges, more especially in the por-
tion from Pipalkoti to Joshimath This is in fact
more or less one long gorge (20 miles) the whole way.
The only place that seems suitable for a power site
is at the Jower end of this series of gorges, that is just
where the ‘Hat’ girder bridge spans the Alaknanda
near Pipalkoti P. W, D. Inspection House The
gorge here is only about 40 ft. wide and extends
vertically to a height of 190 ft. There is good flat
ground half a mile downstream and lots of room for
both a settling tank and the power house. Assuming
a head of 150 ft and a flow of 1,000 cusecs we could
probably get about 13000 e, 1Y p A diversion
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tunnel could probably be made through the rock in
the right bank, though it would have to be on a curve.
“ AUl the diversion tunnels suggested wn these schemes
conld e finally utilized as shaces o help wn the con-
trol of floods. Beng at a low level they would have
the effect of keeping silt from depositing near the dam.
In the Koteswar scheme it might be possible to make
a settling tank on top of the present saddle on the left
bank by controlling the flood level by means of heavy
sluicing through the dam at various heights (this
being necessitated by the narrowness of the dam),
but in the Kotlibhel scheme there does not appear to
be o good site for a setthng tank. The st laden
water 1n the hot weather and rams will mvolve prob-
lems of this sort, though a certain amount of clan-
fication should take place in the reservoirs themselves.
“ There are no other sites on the Ganges that should.
I think, be considered at present
“The nivers flowmg into the mamn central valley,
while of smaller volume have considerably greater bed
slopes. Thus the Bhagiraths has a slope of about 30
ft = mile above the junction at Deoprayag The
Mandakimi has a slope of about 70 ft a mile above the
junction at Rudraprayag With the exception of the
Bhagirathi, which has not been exammed for more than
3 miles above Deoprayag and which 1s wholly 1n the
Native State of Tehr Garhwal, none of these other
streams reem suitable for power development as they are
inaccessible at present and have not, so far as was seen,
any very suitable siigs If however 1t were desired
to Luild a number of comparatively small power
stations at scattered sites, I think that the smaller
side streams would be much more cheaply developed
than would be possible by endeavouring to take flumes
off the main nvers For example, the Patalganga
and the nala at Helang village, two miles above Gulab-
koti, would be easily developed. The latter is a small
stream carrying about 10 cusees in December, and
never carrying less according to local inhabitants.
1t has a very steep fall into the Alaknanda, and the
site is very favourable for development, were it not
so remote (157 miles from Hardwar). A head of
1,100 {t can be obtained, n<ing a flume of about half
a mileand a pipeline of about 1,500 ft. The power
would be about 1,000 e. h. p. There is o very good
site for a rettling tank and forebay at the head of the
pipe Ime, and a first class site for the power house
100 ft. obove the river. This 1s a rather favourable
sataple of what these smaller streams are capable.
Unfortunately most of them are in remote localities.
Those which are in more aceessible places have nothing
like the same amount of head available, combined
with a fairly favourable discharge.
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“In passing it might be mentioned that there is
one spot on the Ganges where the river widens out
considerably. This is at the town of Srinagar, where
the valley is about a mile wide for a distance of 3 miles.
It would be impossible to impound water here to any
great height without submerging a lot of very valuable
land and endangering the town Much damage
was done here by the great flood from the Gohna lake
in 1894, and the town was largely rebuilt at a higher
level than the origmal one, which suffered so much
from the flood.

“The Gohna lake itcelf was examined in December
with the double object of seeing if power could be
obtained and also if the water conld be ntilized m the
months of low discharge in the Ganges to augment
the supply for canal irrigation A special note has
been written about this and submtted reparately to
the Chief Engineer, as desired by him (See Gohna
Lake) It 1s sufficient to say here that the prospect
of utihzing 1t m either direction does mot appear to
be very promising,

“In all projects for development of the Ganges,
and m fact of all these Himalayan rivers of the United
Provinces, special attention must be paid to the pos-
sibiity of floods on a seale comparable with that
roused by the Gohna lake disaster in 1894, when the
flood rose to enormous heights and did immense damage
although 1t had been foreseen and elaborately prepared
for during the previous 12 months Any obstructions
in the miver 1z the nature of dams must be able to with-
stand such heavy action, and works such as flumes
and power houses must be well protected. In ordinary
years the river rises about 30 ft to {0 ft. in the nar-
row valleys in flood time, and the Gohna flood Tose in
places n the Alaknanda valley as much as 200 ft.
At Deoprayag it rose 70 ft. and at Byansghat 80 ft.
above ordinary H, F, L There sre places where the
hillside might slip at any moment and cause 8
similar catastrophe.

“Before passing on I would remark that the hopes
entertained from a previous study of the map that &
tunnel through the big loop of 4 miles of river length
at Byansghat, where the Nayar River joins the main
stream, were not realized as the fall accumulated by
the glope of the river is too small to be of use.”

1t will be seen from the above note that the Ganges
and its tributaries cannot essily be developed dn
ordinary lines, and within reach of the plains. The
whole note shows that in order to render development
practicable flood regulation i3 essential in the Bhagirathi
and the Alaknanda or in botb. This w. 7 be of the
wtmost valne for the irmgation canals But it
is entirely impracticable on any or/ . of
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maconry dams  The only powsthle method appears
ta be that suggested m para 33 of this Report. Mg
Lyle's note mdicates =ome places where he contem-
plated the possibhithity of diverting  the waters through
a tunnel dunng the construction of a maconry dam,
this however would eave the mamn problem untouched
The flood waters would pass at an unknown herght
over such a dam, and there would be no head at such
times It would be absurd to write cf the Ganges
as having no available power for the feason that pres
sent methods of developimng that power are uscless.
1f the floods could be regulated m the manner suggested
the whole course of the rivers could be harnessed by
hiting dams and one such Jake would suffice for the
whole «tretch up to the mecting of the neat great
niver  The ° accessible” part of the Alaknanda s
tehen as that up to Karnpravag, where the Pindar
River comes 1n
Thrs gives
(1) Some 15 mdes from Kamprayag to Rudra-
prayag with 2,000 cusecs mmmum
(u) Some 31 nules from Rudraprayag to Deva-
prayag with 3,000 cusees mrmimum,

If, however, full scale flood regulation were possible,
without which these discharges will remain for ever
unharnessed, the mimmum flow would be greatly
raised. If the bed slope on (1) be taken at 20 ft a
mile, as mdicated by Mr Lyle, the power available 1n
that stretch 1s 2,000x300/16 or 40,000 kWs on
the rummum flow.  If the slope of (if) is 10 ft. a nule
the power imn the lower stretch 1s 3,000x310/15 or
60,000 kWs The last 20 miles of the Bhagiraty,
before 1t joms the Alaknanda, 1 the like conditions
of regulation may safely be assessed at 2,000X 300/15
or 40,000 LWs  There 1s therefore available,
on mmmum flow, and above the sacred junction where
the Ganges begins, a clear 140,000 kWs. of conti-
nuous power.

(9) Gokna Lake, Garhual Dustrict.—The following
15 Mr. Lyle’s inspection note, dated December 1920,
of this lake; tvide ““Gauna Lake™ in Drelinunary
Report, page 101 —

1 visited the lake on the 17th Deccmber, having
arrived at Gohna village the evening before  Tagam
visited the lake and its surroundings on the moining
of the 18th, and left that day, travelling down the
Buircln Ganga bed taking levels with my aneroid
barometer.

“As far as could be ascertained from the District
Eungineer of Garliwal, tlere are no observations made
or records kept by the local authoritics of the state of
the slip each year, ‘nor is any attempt made to ascer-
tam at what rate the Tihe s filling wp o1 Low much the
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surface level alters after heavy floods. There is also
no mformatton about discharges.

“As a full description of tho history of the shp,
which occurred in the monsoon of 1893, is recorded
m the special ¢ Narrative Report’ by the Superm
tending Engmeer, Sccond Circle, Provincial Works,
United Provinces, dated 14th November 1894, .it is
unnecessary to go into this again.

“The level of the lake surfaco is approximately
R. L 5,500. The lake is now about 1} mile long and
} mile broad The volume of water impounded after
the bursting of the dam in 1894 was approximately
1,800 m. c ft, and I estimate roughly that
1t contains about 1,000 m. c¢. ft. now. It appears
to be rapudly silting up from the top end, and as there
is a large catchment behind it there must also be a
considerable amount of the finer silt carried well irtto
the body of the lake. Ihad no means of taking sound-
mgs to test this.

““The discharge from the lower end of the lake was
about 100 cusecs, but accurate gauging is difficult as
the bed of the outfall is 80 uneven and the flow is so
turbalent.

“ The slope of the river bed was originally about
250 ft. per mile accordmg to the record in the flood
report. It isnow about 500 ft per mile for the first
two miles and thereafter flattens out. Thisis due,
to the fact that the debris from the dam was washed
down the river bed for many miles, xesulting in a very
large deposit of boulders and shinglo in the valley.
The river 1s now cutting into this and appears to havo
eroded out its new bed to a depth of about 23 ft
opposite Gohna wvillage. The deposit must still boa
considerable depth.

*“ Although there was about 100 cusecs flowing
over the outfall of the lake, I gauged it as about I
cusecs some 4 mmles lower down. This is explained
by the fact that the water sinks into the thick deposit
of detritus in the brd. Lower down the volumr again
increases and eventually becomes about 150 curecs
where 1t empties into the Alaknanda.

*“ As will have been understood front the ot iy
there is nothing hke a defined dam v the iy 45
looked at from the downstream side. From thy 4, f
of the Iake the river bed simply slopes sterply 4y,
over the broad shingle-strewn valley, thouglh 1, ¢\
first half mile 1t is running between the rlopie o, 1.
of the original breach. ’

* On account of the enormous amount of 41, , 44 1y
downstream of the lake it scems to e jrogepe, 4o
to think of tunnelling a duct out of the L7, 4., 45,
purpose of utibzing the water for joy ..
suel tunnel would lave to be nads j,

row
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hillside on the left or south bank of the river, andit
would be a long tunnel—at least a mile—and the ques-
tion as to whether the rock would be suitable would have
to be carefully considered Personally 1 think making
a tunnel in this unstable material, which is lying at a
very high angle of dip, would be a dangerous proceed-
ing in the first instance, and 1ts upkeep, if suceessfully
completed, would be an expensive 1item.

“ Further, the question of rasing the dam again
in order to impound more water seems to me also
impracticable. There 13 nothing sohd to found a dam
on, and fillimg the present wide breach with shingle or
sinular matenal would not be satisfactory nor, I think,
feasible,

“There is also no apparent prospect of ntihzing the
lake for the hydro-electric power. The Teasons will
be obvious from the foregoing description. Owing to
the steep and unstable nature of the ullsides a flume
would not be possible, and a tunnel would also be
too risky. The head available 1s also pot so great as
would have been the case if the niver downstream had
not, been so much filled up with the debus of the dam
washed down m the flood of 1894.

“As % means of obtamng information about the
rate of siltng up of such lakes, and of cognate matters
such as the kife of the boulder dam formed by the shp,
1 think that yearly observations of the lake level after
the rains, soundings taken systematically every 5 years
or 50, and general observations on the state of the dam
and river below might, with great ndvantage to Govern-
ment, be maintaimed by some one, such as the District
Engincer. Monthly discharges would also be useful.”

It will be seen that Mr, Lyle here considers the pos-
sibility of tunnelling the lahe and of raising the old
landship dam, and dismisses both as impracticable, It
may be ro 1n this mstance, but nevertheless the sugges-
tions on the subject made ir paragraph 33* of this Re-
port are worth senous cousideration,

(10) Goorma River, tributary of Iilan und Ganges,
Rewak State —See Second Report, page 80. There

is u waterfall of 102 ft which can be increased to
650 {t.,  nule porth of Belonhi village, on map 63 Lf1,
<, ten mules from Mauganj The stream dries up in
Apnl and has httle discharge in dry weather. The
tatchment is 120 square mules. The ram-fall records
at Mauganj slow a dry weather fall (8 months) of
5 inches average and 1 inch minimum. The normal
fall is 39 inches in the monsoon, Ialling to 21 inches
wintmum, while 6} inches have fallen in one day (21th
June 1916) 1t i3 estimated that the run-off will be
3,310 m. c. ft. average and 2,230 m. c. ft miimum,

STR proposalsin para 33 men farnulate 1L oo Me L 1 sqepurt
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About } mile above the fall an earthen bund 2 miles
long and 63 {t. high, with flank escape on left bank,
will impound 3,140 m. ¢. ft  Bome good land with
10 villages would be submerged A channel 3} miles
long in difficult ground leads to the forebay site  The
ipe hne would be } mile long and the power house
would be 2 miles below the fall. ‘The ground has been
partly surveyed.  The power available 15 estimated at
80% 650/15 or 3,600 kWs continuous Cawnpore is
10 les distant. The scheme is o decidedly
promising one.

(11) Gumti Ruwer, tnbutary of Sarde—Mr. Lyle
reports a possible reservoir site on this river near
Bannath, which will be examined No information is
at present available, but the remarks on the Ganges
may be read. CGaugings in the plains, near Sitapur,
after junction with various tributaries showed :—

15 Apol 1919

15 May .
7 June .

294 cusees
EITON
. . . 3,
The mmmmum m the nlls will be far less.

(12) Jumna Rwer—The agreement, granting the
nght to develop this niver to the Umted Provinces
Power Association, is still in force but nothing what-
ever has been done towards development. Govern-
ment is now lookmng into the projects independently,
They involve short-circuiting two bends, at Jalanta
(upper) and Bmahar (lower) respectively (map 53 Ff14),
At the Jalanta site there is a double loop, to utilize
which too short tunnels would be driven through the
spur, gving a fall from R. L. 2,362 to 2,194 or 168 ft
gross. The Binahar site has a single loop, involving
a 2 miles tunnel, giving o fall from R. L. 1,933 to 1,698
or 255 ft. Part of the land is in Tehri State, which
15 a party to the agreement. The minimum recorded
discharge of the Jumma at Paonta 1s 2,264 cusecs,
and the maximum 300,000 cusecs. At these sites
higher up, however, the minimum is reckoned at 750
cusecs. The above heads do not include any extra
received from the diversion weir ; this would certainly
more than compensate for losses and might greatly
increase the head. The promoters reckon to obtain
20,000 kW:. at Binahar and 9,000 kWs. at
Jalanta or 29,000 kWs in all. On the basis of
continuous power the sites may be assessed at 13,000
and 8,000 kWe, or 21,000 in all

Further power from lifting dams 13 unquestionably
capable of development. In the absence of information
it scems probable that of the fall from about 1,600
ft (below the two loops referred to above) to the
canal headworks not less than 400 ft. could be uti-
lised bv weans of lifting dams, giving an additional
20,000 KW+ continuous, —
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(13) Karamnasa River, tributary of Ganges, Benares
State —This was favourably mentioned, and 1n some
detail, dn page 101 of the Prelmmary Report; the
Second Report, page 79, showed 1t m an even better
light It has now been surveyed in some detai, and
project estimates are bemg prepared  There arc two
separate natural waterfalls 6} mles apart so that 1t
will elearly be better to develop them <eparatelv . the
upper or Deodan fall is 5 furlongs south-east of Aun-
ratand village on square 5 of l-ich map 63 P/5,
just abore the junction of the Gurwat Nala and 1ts
many braoches, while the lower or Chandpattiar fall
is 1} mule east of Pandi on square 1 of that map

(1) Upper fall —The Deodan fall 15 176 ft which
can be made up to 230 ft with rapids  Storage will
be necessary, as the niver practically dries up 1 March
There would eventually be two recervoirs, one at the
falls with a catchment of 350 square miles total and
50 square miles when fhe upper reservoir 1» constructed,
and the other at Naugarh 7 mles higher up, with a
catchment of 300 square miles The ramfall at Roberts-
ganj 15 as given for the Bakher Nadi above, but a gauge
is now fixed at Naugarh also  The available run-oft at
Deodan 15 estimated to be 8,440 m ¢ feet average and
5,230 m ¢ ft mnmnum  of this 6,680 and 4,070 m ¢
{t. respectively would be above the Nangarh reservour.
The above figures are nett, after deducting the
requirements of the Ghaghar canal (3,900 m ¢
ft) The Deodari earthen bund will be 15,600 ft
long and 69 ft high and will hold 1,763 m ¢ it ;
Naugarh 14,300 {t and 101 ft. lugh with a capacity of
6,680 m ¢ ft In the calculations one month’s carry-
over has been allowed for  There are flank and saddle
escapes at Deodar: and a flank escape at.Naugarh
Some good land and six villages would be submerged.
From the Deodan reservoir 3,000 ft of remforced

” concrete pipe would run on a gentle slope to a surge

-~

tower, where pressure pipes 1,500 ft (¢) long would
lead to the power house, on the left bank, near the
junction with the Gurwat Nadi  The tail waters would
carry on to the lower site, and would eventually be
wvaluable for irmigation both i Benares State and in
Bihar and Onssa The Benares Darbar is anxious
that this site shall be developed, as 1t 15 withm easy
reach of the City and 1ts industiial needs The power
available is estimated to be 228x232/15 or 3,500
LWs  continuous, s0 that there are great possibilities
for this combined power and irrigation project.

(i) Lower full —The Chandpattiar fall is 143 ft. and
with its rapids 170 ft It would naturally only be
developed after the upper site, the regulated discharge
of whicl would feed it The water would be taken oft
by o pick-up weir on the left bank into an open cliannel
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2 mules long, involving some bridging and tunnelling,
up to a forebay 2 miles below the fall. The regulat-
ing capacity of the forebay would he sufficent. A
mpe lme of 1,000 ft would lead to the power
house wte ” The power avalable, when the upper
site reservorrs are made, will be 225Xx170/15 or
2500 KWe contmueus  Between the two sites the
district should be able to get most of the power
required for some time to come

(1) Karnawatr Nadi, trbutary of Anghal N. awd
Gn ges —A  small scheme ts posgible on this Nady,
which has a natural fall (called Tanda Dam) and
rapids amounting to 133 §t a mile couth of Tanth
village, on map 63 K/12, 16. The catchment is
27 square miles and 1t 15 believed that a run-off
(based on Robertsgan) ramnfall—sec Bakher Nadi)
of 627 m ¢, {t average and 438 m. c. ft. mini-
mum can be obtained. For mmpounding the average
run-off an earthen bund 42 ft high at the highest
pomt and 8,450 ft Iong would be needed  An
apen channel 5 furlongs i length on left bank would
lead to a forebay and the pipe line would be §
mile long The site 15 only 10 miles from Mirzapur
(aty, but the power available, some 130 LW+
continuous only, would bs msufficent An additional
40 kWs could be obtamed by raismng the Tanda
water works dam, but 1t would hardly be worth the
extra cost of about a lakh of rupees

(15) Kcmasin Nala, tributary of Ken, Panna Stale.
—This 15 exactly sumlar to the neighbouring Chaprer
Nala (g v. supra) The natural fall and rapids, with
draft liead, give some 240 ft head. The catchment
(map 63 D/2) 15 10 sq. mi The storage site
15 1mmediately above the fall and 11 mle from Baraur.
The capacity with a 10 ft. bund 1 mile long would
be 320m ¢ ft whch it is believed could be obtained
annually. The power available is about ]0x"40/1a
or say 160 hWs continuously.

(16) Ken Ruver, tributary of Jumna (i) Upper site.
—Tles site 1s on map 54 P/15, belon the junction ot
the Sonar River, and about 6 furlong> north-cast of
Udla village ; 1t is locally called Papdwan Ghat—sce
entry on pages 101-2 of Preliminary Report Access
is from Rewah wid Maihar and Jukehi. IHere there is
a natural fall of 55 ft wlich can be increased to 150 ft
by the rapids. Flood discharges are believed to rie
over 300,000 cusecs {lre. cit) while the minimum in
June is believed to fall to 5 cusees; on Tth March
1921, there were 28 cusecs flowing. The catchment
area is about 6,000 square mules. The ncarest rain-
fall stations are Panna (28 miles) and Gangao (17 miles),
and the fignres are a3 stated above for the Baghi Nadt
The estimated run-off is 140,000 m. c. ft. (= 1vinches)

o~
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rapids, 5 furlongs east of Jurania village. The catch-
ment is on map 63 D9, 13 and 63 C/16. This was
mentioned in the Preliminary Report, page 102. It 1s
proposed to make a storage reservoir on the Surbhanga
Nadi, a tributary stream, about 1} mile above 1ts junc-
tion. The rainfall at Rewah (see Bechar entry above)
during the dry 8 months averages 8-7 inches and
sometimes fails altogether, during the monsoon it
averages 37} mches and falls as low as 24 3 inches  The
catchment area of the Nadi 1s 18 square miles of steep,
Lilly country, and a run-off of 580 m e. ft average
and 420 m ¢ ft mmmum 1s expected With an
earthen bund 1 rmle long and 30 ft high a capaaity
of 580 m. c. ft would be obtamed, and this would
almost always be filled A pick-up weir below the
bund would feed a channel 1 mile long on the left
bank anl lead to a forebay aite, from which the
pipe line would be <ome 500 ft long The power
station would be a mle below the falls

It may also be mentioned that a site for a reservoir
was surveyed by the Irmgation Department near
Itwan village, 3 miles above the Pawsunt falls, for
storing 3350 m. c ft from a catchment area of 87
square miles That site lies partly in Banda District
and partly in Baraundha State, C. I. Oppoution
from the Darbar however caused this to be dropped
An even better site, so far as storage 13 concerned,
ewsts just above the falls, .with a catchment of 113
square miles, but the railway would then have to be
diverted.

It appears that the sclieme outhined above can only
be fully carried out 1if the Irrigation Department is
able to build the reservoir at Itwan, which is unlikely.
In that event, however, it will supply 447 cusecs
for 285 days  So far as the Sutbhanga site is concerned
the power is limited to 20x180/15 or 250 kWs.
continuously, t

(22) Patar Nala (Samua Nala on old maps?), tri-
butary of Ken, Panna State.~—This nala has a natural
waterfall near Baraur {map 63 D/2) of 210 ft. The
conditions are silar to those of the Chaprer Nala
close by—s:e entry supra. A 40 ft bund 1 mile
Tong will store 350 m ¢, ft which it 14 considered
that the 11 square miles of catchment area can fill
annually. The pressure pipe would run directly from
the reservoir, with a surge pipe. The continuous
poner available is 11x210/15 or 175 kKW= only,

(23) Pundar Riter, tributary of Alaknende and
(.angr: —(8ee Preliminary Report, page 10’) This
river, joining the Alaknanda at Karnprayag in Garhwal
runs parallel’ with the foot of the hills within casy
tranemission distance. Mr. Lyle went over the loner
portion of 1t up to Gwaldam, about 30 miles from
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Karnprayag  The hed slope iz about [0 ft  per mile
mereasing to 70 ft in the higher reaches of ths atretch.
No suitable site was found  The possibility of tunnel-
ling from the Pindar into the Gumti at (iwaldam (near
Baijnath) was exammned and found unfavourable.
There i3 a possibility of tunnelling, from n point higher
up, into the Sarju valley by way of the Lahor River
or the Kanal Gadh  The notes on the Ganges {supra)
may be read ; the Pindar would appear to be the most
favourable tributary to begin on, if ever development
on the lines there supgested is carried out. The power
available in stages, by lifting dams, taking 1,000 t.
of the head only, is 1,000X1,000/15 or 65,000 kWe.

(21) Ramgangn River, trnbutary of Ganges, Almora
Dirstrict —(Prelnminary  Report, page 102) The re-
marks as to power required and information available
on the Kosi apply alco here. Such storage sites as have
been suggested are unsatisfactory. The river rises
m Garbwal, at hgh elevations, though not in the
perpetnal snow= Mr. Lyle reports that the most
promesing scheme i this Jocabity was obtained from
an old project of the Irmgation Department, in which
1t was proposed to tunnel the Ramganga from a point
near Marchula jnto the Kosi valley by way of the
Pamiala Sot, which jons the Kosi at Mohan, 14 miles
above Ramnagar station. The difference in bed level -
is 125 ft. here so that a working head of 100 ft.
shonld be obtainable.

The mimimum discharge 1 the hills is believed to
fall as low as 100 cusecs, the following gaugings have
been forwarded by the Chief Engineer, R. & B., U. P.,
they were taken 100 ft above ferry ghat on the
Hardvi-Farukhabad road, 1. e., in the plains and including
many large tributaries :—

Cusges.
15 Apnl 1919 e e e .wz
15 May . -
7 June ,, M. ]

1t is possible thnt the river may be capable of flood
regulation—tde remarks on the Ganges. The mini-
mum power at the site named above js 660 kWs.
continuous.

(Nofe —There 1s another Ramganga River, a tnbutaryof the
Sarda, to the Fast of tho ahovo )

(25) Ranj Nads (Dalsagar Nadi), tributary of Baghi
(Baghain) Nadi, and of Jumna—This site is reached
from Panna and is on map 63 D/5, There is a water-
fall of 244 ft"which can be increased to 280 ft by
rapids ; it is locally named Lakhanpur Ka Seha, The
stream is dry by April. Its catchment area is 50
square miles of steep rocky country with very little
cultivation. The rainfall at Panna is given under
the Baghi Nadi above, and the run-off is estimated
as 2,320 m. ¢, ft. average and 930 m. e, ft. minimum.
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The site for the bund is a furlong above the fall, it
would be 2 miles long and 70 ft Iugh, with a flank
escape  There are difficulties as to earth for the bund.
The esttmated capacity 1s 1,600 m ¢ ft whieh can
generally be depended uwpon A short channel 700
ft. on easy ground, 13 required on the left bank,
ending at a good forebay site  The pipe e 15 stated
to he 300 ft . but if the fall 1s 280 ft this 15 unhkely
to he correct The power house site 15} mle below
the fall. It 1s beleved that 750 kWs contmnuous
can be obtamed

There 15 anotber fall of about 250 ft with a catch-
ment of 12 square miles on a tnbutary of the Ran
Nadi, a mile to the west of the above site,

(26) Sarda River, tnbutary of Gogra FRwer and
Ganges —In view of the beginmmng of work on the
great Sarda Canal Project this niver, nung m Tibet
and flowmg between British ternitory and Nepal, takes
on new wterest It was mentioned in the Preliminary
Report, page 103, where the mformation was not
altogether correct. The mver is generally very

simular to the Ganges, and a reconnaissance was made -

by Mr Lyle 1n 1920 Beyond the junction of the
Ladlia and Eali Rivers, which make up the Sarda
proper, 1t 1s out of reach. The snow-fed Kali is the
main niver ; the Sarju (@ v) 18 not permanently snow-
fed, though 1t rises at high altitudes The most hope-
ful pomt on the river seems to be the double bend at
the junction with the Ladhia, but any works here in
the way of a dam or a tunnel through the lower bend
would 1nvolve co-operation between Nepal and India;
short-aircuiting the upper bend would place the tunnel
in Brtish terntory  The absence of maps has prevent-
ed the identification of these loops, referred to by
Mr. Lyle. It appears, however, from the Atlas sheet
{scale one-millionth) that there is a fall between 500
ft., and 1,000 ft at the bend at Uparkoti, 11 miles
north-east of Tanakpur station. For the present ro
estimate of power on this niver is possible; discharge
curves are, however, available in connection with the
canal works,

(27) Sarpu  River, tributary of Sarde—Bee entry
regatding Sarda River i Preliminary Report, page
103. DMr. Lyle mspected the Sarju for 5 miles above
Bageswar ; there 1s a gorge just above where the Lahor
River comes in, but the prospects were not very favour-
able. See however remarks on the Ganges, which apply
here also There is no information as to discharges.

(28) Tons River, tributary of Ganges, Rewah State —
The noted falls on the Tons River were mentioned
on page 103 of the Preliminary Report and on pages
80, 81 of the Second Report, to which an old print of the
falls formed the Frontispiece. The site has now been
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surveyed, and the results bear out the earlier forecasts,
The waterfall is 1} miles south-east of Poorwa (or
Purwa), and i3 reached from Rewah. The natural
fall 15 193 ft Iigh, but with an open channel it can be
mereased to 335 ft as ascertained by levelling, The
niver 1s perennial, but falls low mn the hot weather;
it carred 15 cusecs on the 30th March 1921 and is be-
lieved to go up to 400,000 cusecs. The catchment
area 15 2,075 square miles. The rainfall at Rewah
has been given under the Beehar River; a gauge 1s
now fixed at Poorwa also. The run-off 15 estimated
at 57,700 m, c. ft. average and 38,500 m. ec.
ft mmimum. An ideal reserveir site has been sur-
veyed a nule above the fall (2 miles by river) where
a2 33 mile bund 82 ft high will impound 49,400
m. ¢, ft, with a waters pread of 92 square miles. The
cost per million cubic feet stored will be only about
Rs. 183, which 1s exceptionally low. There is a
flank escape on the left bank, 3,000 ft. long.
A good deal of the submerged land is agricultural, and
there are 73 villages within it. A channel 4} miles
long onthe mght bank leads to a forebay site that
would peed deep excavation. The pipe line wonld
be 600 ft. long leading to a power house site on the
Bechar River (q. v.) which would be combined with
this scheme. There may be difficulties over the sub-
mergence of so much good land, but it is probable that
the project for the two rivers can be recast so as to be
more favourable from the Darbar’s point of view.
The continuous power available from the Tons alone
is  1,440x335/15=32,000 kWs. This is within 130
miles of the great industrial area of Cawnpore.
Project estimates are under preparation.

. ¥gte—Tho Tona Ruver 1n Delra Dun Disict, mentioned prmong
the “ sites not examinod,” 19 & different nver.)

94, United Provinces; Canal falls.—The falls
on irrigation canals in the United Province were liated
in the Preliminary Report, pages 103-103. The available
power, as tabulated there, is as follows on minimum
discharges (subject to closure} —

TanLe 37—U. P, canal falls.

Upper Gangss Canal—

Anupshabr Branch (0 falls) . . 1200 1Ws,

Alizazh Division (3 falls) : . "

B\\hnd:h:nhervlswn?hl]s) . Do o

Meerat Dimsion (4 fal IR 7

Norruten Dot (0 fabs, 1 dovetoped) | 0 oy I
Eastern Jumna Canal— .

Upperdmson (11 falll)  + . . . LS00 ,,
Lower Ganger Canal—

Nofformation  + .+ 4 v 4 e ow

Torn . 8930 L,
3
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Of these, projects are on foot for utilizing the Palra
falls, Aligarh Division, Ganges Canal, and the Ghunna
and Sarkari combined falls, East Jumna Canal. The
former is kiiown as the Xhurja hydro-electnic project
(400 kW=e.) and the latter as the Saharanpur hydro-
electic project (300 kWs). Further projects are
in preparation for utilizing the Somera falls, Aligarh
Divisioti (200 kWs.) and the Bhola falls in the
Meerut Division. In the latter case 3 units of 230
kWs. are proposed, worked by double horizontal
opeh type wheels of 375 B H. P. The cost, including
transmission to Meerut, 1s estimated at about 22 lakhs,
Should the Jumna scheme be carried out 1t would
cover much of the above areas.

Crarrer 13 —EKNowN Sites WortH DETAILED
INVESTIGATION.

95. Summary of known sites.—A number of recon-
naissances made, either by the Survey or before this
began, have shown power to be available at many sites
on a practicable scale, although the type of project has
not been finally determined and the ground has not
been surveyed. Generally too the available water has
only been casually determined, as only mn very few
instances has regular gauging been carred out. The
following pages deal with the Provinces and States in
alphabetical order and, under cach, give such inform-
ation as is available. The following table summarises
the results. .

Tapre 38, —Summary of known rivers and sutes.

l’fn‘lmbla
G mlolnum
Reference. Trovince of Btate Number | Shower,
coutingony
Taeragrsth 93 . | Asaam . . 2 5,0007
- 1| Beaga N 2 35,0007
- 23 | Binar sud Orlua s 00
- v) .| Bomtay 15 244350
» I urme 16 492,400
- 101 tentral 1ndls (Bhopal) 1 4
" 102 Ceutral I'rovioces 18 pILRTM ]
- 108 lceery . 1 1,54
- 1e4 L} Jumeog aod hashmir 2 70,500
- :‘:: illdru . . n )
- t . ! . .. &
- wr o | Rajputans; Alwar . rob n%l‘;n
" 13 | Trasancure . - . l{ pot known
Unite 1 § rovinces—sete Chapters
1zant U4
Toran . €3 1,102,070
96. Assam ; known sites,—Further examination

nnd survey is required of the sites already enumerated
as ‘“investizated but not developed " and in addition
the Robansiri River and Jatinga River (see Chapter 14)
appear worth further examination. Thete may be
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othera in this latter list, of which little or nothing is
known at present. Lack of funds Las prevented more
being done as yet.

97. Bengal ; known sites.—The following entries
relate to sites which have been examined to some extent,
but of which the possibilities are not really known.

(1) Dayjeeling District.—As noted in the Preliminary
Report, page 69, the various tributaries of the Little
Rungeet River, which joins the Great Rungeet and the
Tista, are known to have power available to the extent
of over 2,000 kW.; but as the 25-year old Darjeeling
plaet (Table 60) has not had to be extended for many
years 1t appears that the district does not demand
further power. 1t is certamn however that other local
streams than those mentioned {loc. cit.) would greatly
incregse the total available. See also Tista River,
para. 111, When tea firing and manufacture is
carried out electrically (see para 48) these sources
of power sill prove valuable.

{2) Karnaphuli River, Chitlagong.—The Barkal rapids
on this niver, some 45 miles from the flourishing port
of Chittagong, and 16 miles above Rangamati, were
casually reported on by Messrs. Scott-Mackenzie,
Dreshler and Bell 1n 1906-07 ; but no further action
was taken as the project was regarded as of questionable
value and likely to be too expensive. It is very doubtful
1f this verdict was correct, and there has been no expert
examination (Map 8¢ B.) In the course of about
1} nules in the Barkal gorge (according to the above
reports) there is a normal fall of 38 ft, though this
goes down to 20 ft. or perhaps less during heavy
floods, Discharge readings appear to indicate normal
discharges of 700 cusecs or more, though it is believed
that the minimum may be as low as 100 cusecs. The
avelage rainfall is of the order of 100 inches. It was
realized that with so low and variable a fall & lifting
dam would be necessary, together with a channel about
a milo long from the dam to the foot of the rapids ; but
as the hydraunhe development was likely to cost some
10 lakhs the project was dropped. There is a good
natural weir at the head of the rapids which would
apparently form a foundation for a lifting dam.  Either
immediately behind this, or further upstresm, there
appears to be a basin which “ would form a dry season
storago reservoir,” but no guess at the capacity was
made This storage may serve either of two purposes,
or both. If it is comparatively small it may still be
sufficient for flood regulation; hat is to say, the dis-
charge of an exceptional flood for a few days might be
spread over & week or two so that the fall at the foot
of the rapids would not be lost from the rise of tail
waters, If the capacity is larger it would serve defi-
nitely to augment the flow over the dry period. There
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are no rain gauge stations in the catchment, but i the
Chittagong distnict generally there 13 ordmarily some
rain in every month, and no long drought i probable.
If the minimum discharge 1s so low as 100 cusecs aver-
age for so long as a month 260 m ¢ ft stored would
double this discharge. Let it be assumed however that
150 cusecs could be always depended upon

As the locality 19 subject to earthquakes high dams
would be nadvisable, but with reinforced concrete
moderate dams could safely be built In the absence
of any details let a 40 ft Iiting dam be assumed,
ether alone or 1 combination with a stonng dam higher
up; if the latter were 1n fact practicable, and offered
the storage needed. a much loner lhiting dam would
suffice as all the natural head would be available It
‘may be taken that wish a channel (apparently i tunnel)
about a mule long a net fall of some 70 ft could be
depended upon

On these somewhat speculative assumptions 1t 1s prob-
able that 150x70 15 or 700 kW. continuous could be
be developed. The load factor in Chittagong may
«afely be estimated a from 33 to 40 per cent so that a
plant of sume 2,000 kW could m all probability be
operated , 1if the site proves favourable the power avail-
able may be twice as much Supposing the whole
develop luding the tr to Chitt g
+o cost 15 lakhs it would probably be able to compete
with fuel at present prices At any rate the project is
worthy of expert exammnation.

The prelminary edition of the } inch map 84 B is
now available, but form-lines only are given, not con-
tours It appears however very probable that a site
can be found within a distance of 10 miles above the
rapids where large storage can be impounded; this
should be below the junction of the Thega Khal, which
flows in from the south and brings a large catchment
of hilly country m. If such a reservoir 13 possible there
can be no doubt that a succession of Lifting dams (para
31) could be used to obtam the whole power of the
niver ; no levels honever are known at present.

98. Bihar and Orissa ; known sifes.—In addiion
to the Burhabalong and Subarnarekha Rivers, entered
in a previous paragraph, the three rivers below merit
further examination, as well as the whole Hazaribagh-
Ranchi platean Doubtless some of the *“areas and
sites not investigated” will also prove, on reconnais-
sance, to be worth detailed examination.

(1) Dumragarks and Gilling Silling, Ranchi District.—
A fall of about 500 ft can be obtained at Dumragarhi,
near Johna, Reservoirs can be constructed in the Raru,
Ganga and Dumargarhi streams. An especially good
storage site exsts in the Raru below Harpabera, but 1t
has not been surveyed. It is believed that a constant
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discharge of 200 cusecs could be obtained, giving some
6,600 kW, continuously. There may be much more
storage available, up to double this power, but the com-
bmation with the Subarnarckha (g.v.) 13 reported im-
practicable. The fall is only 1% mules from Johna rail-
way station, Bengal-Nagpur Railway, and could be
approached by a line running round the foot of the hills
from Silli.  (Map 73 E/11) _

{2) Koel, South.—There are falls of 50 ft. near Nag-
peni, which cannot be increased owing to scruples regard-
ing a local fair, the site of which would be submerged
by a dam. There are however * plenty of storage sites
higher up, and a discharge of 1,000 to 2,000 cusecs
could probably be obtamed.” The catchment is very
large. Considerable storage 1s requied in this river
also 1 connection with the projected steel works near
Manoharpur, and the Survey has been 2sked to examine
sites. If power on the above scale of say 1,000 50/15 =
3,300 KW or perhaps double that could be obtained,
and the tail water subsequently utilized for condensation
purposes, the prospects would be bright. The site on
the map has not been 1dentified, but is on the direct
road from Ranchi to Gumla,

{3) Mahanadi River, Daspala State—A Calcutta firm
brought to notice the possibilities of the narrow Burnool
Gorge, which extends for 12 or 14 miles below Tihaparan
in Daspala State (map 73 D/14). Some of the area
exists in the 4-inch Forest maps. The site is access-
ible from Cuttack vid Angul. Discharges are probably
known in the local Irrigation Branch, If flood regulat-
ing storage is possible, development by Lifting dams
(para 31) can be done; otherwise development hy
open channel from a single Lifting dam is ltkely to prave
feastble. No details are at present available. The
river is navigable by small craft, forpvhich arrangements
would perhaps be essential. As regards the Hasdo,
Mand and Tel tributaries of the Mahanadi River sce the
“ Central Provinces—sites not examined.” There are
large storage possibilities, all of which would tend to
reduce the flood discharge of the Mahanadi itself and to
increase its dry weather discharge. There are also
rapids near Padampur and down to Sambalpur. There
is little doubt that the river has great potential power,
and it may be hazarded that 10,000 kW.is obtam-
able from it.

99, Bombay; known sites (partially examin-
od).—The following summary relates to kmown sites in
Bombay which have been partially examined by the
Hydro-Electric Survey and which merit complete
investigation. As however the Survey has now been
closed down in the Presidency (see para. 82),the comple-
tion of the work will have ta await more favourable
times.

x 2
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TABLE 39.—Bombay ; summary of knoun sites.
Constant, l r I'robable
s;\,';?l River or site. Source of supply gvl;.e Mgs:ml. ]I:: 4 wr}?‘;""“:rt” REMARES,
cusecs KWs
l {

1 | BedtiR . . . Storage . . . 333 630 14,500
2 Bene Nala . . . . " . . . 02 1,200 7,000
3 Damanganga R . . - ”» - (1) 132 430 4,000

» o » - () 112 130 1,140 -
4 Gira R . . [I— . 100 438 2,900
5 | Hiranyakes R . o . ) oo | 150 12,000
» me e el w ) 215 1,100 20,000
6 Kanen B . . . . " 600 , 1,150 46,000
7 Mahadeo IR, . . . " . . . 86 L300 8,000

8 |(MamR. . . . . s;diftngdam R TR 50007 | Combined power

' | and 1mgation

scheme.

9 Sonda R . . . . " ' 540 1,100 39,600
10 | Tathaw . o L, 20 1 o | 12000
11 | Tadn [ 530 1,400 51,300
12 | Vatuma R . - PN 11 800 6,660
13 |VenmaR . . . .| . PN 3t L0 250
Torar, . , .- ‘ 230,350

(1) Bedti River, tnbutary of the Gangaval river, North
Ranara District. (Map 48, J/13).—The site 13 near
tho village of Magod situated 11 mi. south of Yellapur,
on alocal fund road which takes off from the mam
Yellapur-Kerwar road 2 mi. out of Yellapur. The
falls are situated about 2 mi. SS-E of Magod and
are 380 ft high. There are considerable rapids above
and below the falls in a distance of 4 mi, the total fall
in this length being 650 ft. There isno possible dam
site in the vicinity of the falls as the river for some con-
siderable distance upstream flows in & deep gorge. As
there is little or noflow in the hot weather, the project
must be developed on monsoon flow aided by storage.
The catchment area above the falls is 768 sq. mu.

Six rain gauges are maintained in or near the catch-

ment atea, which is ““ron-ghat,” and so the average
readings of the stations, which are well distributed, can
safely be applied to the whole area  The average rain-
{all ot cr the catchiment area worke out at 4118 in., and
the minimum rainfall at 27:14 in. A safe estimate of
the run-off in the average and worst vears is 21 in. and
§in respectively which would yield 37,590 m, ¢. ft. in
an average and 16,110 m. e. ft. in the worst year.

The absence of any good storage site in the vicinity
of the falls make this project an ideal one for gradual
development, as it is obvious that water will have to be
let down from storage (or storages) situated at some
drstance from the falls to a pick-up weir above the falls.
A good zite for a pick-up weir is found about 1} mi. due
east of the village of Magod whence & canal line 13 mi,

long, mostly in tunnel, would run to a nala a mile
south of Maged, which forms a convenient site for a
forebay. From the forebay site a pipe line 6,000 ft long
would lead to a power station on the banks of the Bedti
tiver, § of a mile from 1ts junction with the Sonda river,
A site for a small storage work s found 1} mi. E. of
the village of Maradkop, 8} m1. above the proposed pick-
up weir, where it appears likely that a dam 150 {t. high
and about 3,500 ft. long with a waste weir on the left
bank would store about 8,000 m. . ft. Other sites prob-
ably exist either on the main river or its tributaries but
the initial project should be for the abovementioned
storage work.

With a storage of less than half the minimum year’s
run off, monsoon flow could be relied on for 3 months
of the year, and the storage would yield a constant dis-
charge of 333 cusccs for the other 9 months. With this
discharge power of the order of 14,500 kW. could be
developed on o fall of 650 ft.

This project, although one of the least promising of
the Kanara Projects on account of its comparatively low
fall, is well worth detailed investigation

(2) Bene Nala, trbulary of the Tadri Ruer, North
Kanara District. (Map 48 J/10 }—The site 1s situated
1 mi. to the N. of the Sirsi-Kumta Road 18 mi. out of
Sirsi or 20 mi out of Kumta, Sirsiis 54 mi from Haveri
station on the Madras and Southern Mahratta Railway.
The catchment area of the nala above the propo-ed dam
site is 23 sq. mi., the whole of which is 1n Ghat area.
No records of river discharge have been kept and no
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rain-gauge evists in the catchment area  The nearest
rain gauges are :—
Above Ghate —Sirs1 18 mi , average rainfall 9589 in,
mimmum ramfall 60 49 1n.
Belor  Ghnt« —Kumta 20 mi, average rainfall
135~ . nummum ramfall 91 710
The ramiall m the catchment area will probably be
30 to 40 per cent 11 excess of the Kumta figures, and a
mmmum run-off of 60 1. can safely be allowed—
equvalent to a discharge of 3206 m c. ft. It will
rrobably be found that the monsoon flow can be relied
upo to give the required discharge during the months
half June, Julv August and half September, but in
order to guard against a late commencement or an
early stoppage of the monsoon, the storage work should
contain 10 months supply 3206 m ¢ ft less, say,
300 m. ¢ ft for loses m lake ts equivalent to a dis-
charge of 92 cusecs throughout the year. The required
etorage s therefore —
300 plus (92X §6,400X 303) ==2,678 m. c. ft
The proposed dam site 1s situated 1 mi. up stream of
the Kumta Sirst road crossing and 1 mi to the W of
the wvillage of Bulekop It appears probable that a
dam 150 ft high and 1,500 ft 1n length will store the
required yolume
From the dam a canal ine 5 mi long leads to a possible
torebay site  The greater portion of tlus length wmll be
1 Leavy cutting or tunnel. The forebay site is close to
the Kumta-Sirst road near the top of the ghat. From
the forebay the pipe Line about 7,000 ft. long leads
down to the Kandi Nala giving a head of 1,200 ft.
There 15 a good «te for a power house on the bank of
the nala situated about 3 m1 north of mile 13 on the
Kumta-Sirst road It 1s doubtful whether the tail
water would be used for imgation. It appears likely
that power m the neighbourhood of 7,000 kW, could
be developed, and a market for this power might be
{found at the towns of Kumta, 14 mi. and Hanavar 30 mi
dictant  The scheme appears to be a promistng one
und 15 well worth detatled investigation.

(3) Damanganga River Hydro-Llectric Project, Nasil
Diunet. (Map 1" Topo  Sheet No. 46, H/12 and 16.)—
The site can be reached from Nasik by Umbrale, Karan-
jali Adh, and Gonda  Bletalled road to Adh. Motors,
horse tongas and bullock carts available at Nasik, A
resthouse at Umbrale, but after that tents are needed.
Trom Adh to Gonda and Mahanjawal coolie transport
only is possible

The following are some suggestions based on a few
levels taken by aneroid while making & reconnaissance
of the Damanganga River. From these and the 17
Topo Sheet it would seem that a dam might be built
across the riverat a point about 20° 12’ 10" N. by
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73° 35’ 25" E almost due west of the *“ M * in Mahaja-
wal. The catchment area above this site is 47°5 sq. mi.,
and is almost entirely situated m the ghats. There is
no flow between February and June so that any project
for this river would have to be based on monsoon flow
arded by storage. The nearest rain-gauge is at Peint
about; 5 mu. from the centre of the catchment area. At
this place the two consecutive years of lowest aggregate
ramfall during the last 30 years were 1901 and 1903,
whenthe falls were 63°1 in. and 58-95 in. giving estimated
run-off of 35 1n. and 30 ip. respectively. On the sbove
estimated run-off the aggregate run-off for 1904-05 would
be 7,173 m c. {t., and estimating the possible draw-off
in the same proportion as that of similar cases more
fully investigated, it 13 probable that a yearly draw-off
0f 4,159 m c ft.—that 13, 132 cusecs—would be possible.
As the falls occur in a length of 13 mi. the project would
probably have to be developed m two stages :—

(i) The first canal might run in a N.-W. direction
from the dam along the right bank of the
river, entering a tunnel through the ridge to
the south of Jambulmal village, debouching
on the far side, and running in open cut in a
8.-W, direction to a point on the hill some-
where near the island in the river at about
20°12' N. by 73° 33’ 10" E. The first power
house might be situated at a convenient
place on the right bank of the river near the
aforesaid island

(if) A pick-up weir might then be built a little way
below the power house, and a second canal
might be taken from the pick-up weir along
the right bank of the river to a second power
house, situated at the sharp bend of the
river 8. by W. of the village of Umrad.

Between the dam and the tail water at the first power
Louse there would probably be about 460 ft. of fall or
say, 450 ft. net head; this would give 132x450,/15=
3,960 kW. continuous. Between the pick-up weir
and the tail water at the second power house the fall
and net head would beabout 110 ft. and 130 ft.
respectively ; this would give 132x130/15=1,140 kW.
continuous or a total of, say, 5,100 kW,

Referring to the table on page 23 of the Preliminary
Report on the Water Power Resources of India, 1919,
assuming the cost of coal to be Rs. 21 per ton, a power
factor of 40 per cent. and a 50 mile transmission line,
it will be seen that the probable admissible cost of
hydraulic develop t per e.h.p. installed is Re. 511.

Therefore total admissible cost =511%6,81012
=Rs. 87,38,000.

The proposed power house eites are about 40 mi. from
the nearest point on the B. B. & C. I. Railway at Bhulad
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station and 30 mi, from G. I P. Railway at Nasik
station. Industrial development might begin at these
places if there were a supply of cheap power.

(1) Gira River, a tributary of the Purna River, Surat-
Dangs. (Map 46, H/13.)—The site is near Girmal, village
and is within 5 mi, of the Navapur Girmal road at
present under construction, Navapur is a station on
the Tapti Valley Railway, No rain or wuver-gauge
records exist for this river, the nearest rain gauges
beingat Awah and Navapur. The average andmini-
mumrainfall at these stations 13 :—

Awah, . - N
Navapur
Average .

67 92 and 32:34 m.
4188 and 1790 n,
5400 and 25 12 m.
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A canal line would take oft on the R. bank from the
dam 76 ft. above river bed level and would be carried
mostly in cutting or tunnel for a length of ¢ mi. to &
forebay site § mi, N.E. of the village of Girmal, whence
the pipe line would lead to & power station site 30 ft.
above the river bed at the bend of the river a mile north
of the village of Lohan-Girmal. The total fall obtain-
able 15 408 ft. to the Power House plus 30 ft. draft
head =438 ft. which, with the constant discharge of 100
cusecs, would yield 2,900 kVW.

Six miles below the power house between the villages
of Sindipara and Bardipara is a further fall of 50 ft.
where, allowing 4 cusecs for losses in transit, 96 cusecs
could be used to produce a further 320 k., making
the total for the project 3,010 k. or some 9,000 kW.

Of the two, Awah is the most likely to rep the
rainfall in this area, as Navapur is in the flat country
to the N. of the hills. It appears, from the nature of
the catchment area, that a run-off of 86 in. can be
assumed for an average year and 12 m in the worst
year, These figures would yield 5,058 m. c. ft. and
1,686 m. c. it. respectively. The river has hittle or no
discharge after January, and the project must there-
fore be developed on the storage system. A good site
for the storage work 1s found just above the village of
Chaora where it appears that a dam about 150 ft. igh
and 2,000 ft. long would store 4,000 m. c. ft. The
catchment area above this site is 60 § sq. m,

The analysis (Table 40) shows that, assuming that mon-
soon flow was rehed on for 2 months and the storage
for 10 months, it would be safe to utilize 2,828 m. c. ft.
of the storage annually, leaving a carry-over of 1,672 m
. ft. to supplement the worst year's run-off. This
would suffice for a constant draw-off of 100 ¢usecs.

ona cial load factor.

Use for power would probably be easily found either
in existing mills m Surat 56 mi, off, or at new mills
which (if the existence of a power scheme was recog-
mised) might be constructed at Navapur on the Tapti
Valley Railway 15 mu. off.

(5) Hrranyakeshy Buver, Belgaum Distriet (Maps 47 L4
and 48 I/1, squares A3, B3, and Al respectively.)—The
site, which 15 38 mi. from Belgaum, is reached by the
main road leading to Vengurla and is on the head-
waters of the river Hiranyakeshi, whieh is a tributary
of the Ghataprabha river jomning it about 6 mi S -W.
of Gokak railway brdge. There are two possible
methods of developing the project and the catchment
areas above the respective dam sites are 13 and 15
8q. miles. The catchment runs approximately parallel
to the ghat edge and is a particularly favourable cne.
There is practically no dry weather discharge in the
niver and the schemes, therefore, depend on storage and

Tavir 40.~Gire River:  statement showing size of storage required to give a constant draw-off of 100 cusecs.

f

! D i [
Contents of -0 ts of Tosses b 7
tons Rewtall o f Volumeof |~ tank a | forpower CRUSKAS!| Drawen | IR, | Babncoin

atAwah, | Rumof. | SUome ol | temkat purposes | e of !n: hl: and tulnk at end
y o dunng months. : of season.
% monagon, mousoos, | monsoon. absorption.
)
— | — —

Taches. Inches. Mo ft. AL o ft. Met | Meft M. c. it. M. c. ft, 3L c. ft.
oo 50-00 23 3,514 4,000 526 ! 4,500 2,628 200 1,672
:;:5 N 43 & 20 2,611 l 672 526 f 3957 2628 135 1234
( e . o1 pd [%3 9,133 526 4,600 2,628 200 1,672
¥ . T 10 5,022 526 ¢ 4,500 2,623 200 1,672
ATEER S L 70 oS3 326 4500 25628 200 1073
Yois . uba 0 5622 526 4,500 2,628 200 1,673
s o ﬁ;u 3 038 526 4,500 2,629 200 1,672
HA S oy & 2,133 526 4,600 2,628 200 1,672
i . b 12 1,686 526 2,834 2,628 150 156
. s 7730 526 ). 4,500 2,628 200 1,672
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monsoon flow alone Ram-ganges have been main-
tained at Ambol: ghat which 12 at the head of the pro-
posed lake, by the Executive Engineer, Belgaum Dis-
trict, and by the Savantwad) State. These together
give records from 1881 to 1889, and 1893 to 1920, or
87 vears’ records  The average annual rainfall over the
peniod 1s 274 27 10, the minimum 179 m. w 1905, and
maximum 346 10 in 1900 The beaviest daily ramfall
recorded was 16 7 in on the 4th July, 1882, while the
tno consecutive driest years gave 179 and 256 in. (1905
and 1906) The approximate storage capacities of the
two schemes are 2,500 m ¢ ft, project A, and 8,000 m.
c. ft . project B Applving the ramfall at Amboli to
project A and 80 per cent of this ranfall to project B,
to allow for part of its catchment being more distant
from ghat edge the probable annual run-off in an aver-
age vear 1s estimated at 6,200 m. ¢ ft, project A, and
9,600 m ¢ ft project B, whie 1n & mmmum year
3,500 m ¢ ft are eshmated These figures are based
on the assumption of an 80 per cent run-off with 350 in.
rain at Amboly, and 60 per cent with 100 1n. of rainfall,
With project A the run-off in the mmimum year exceeds
the annual draw-off, so that allowing for evaporation
losses an annual draw -off at the rate of 100 cusees could
he safely depended on In the case of project B a
balance table (Table 41 on page 120) bhas been
worked out and shows that to carry over the worst year
safely the annual draw-off at the rate of 215 cusecs
could be maintained contmuously The two projects
would therefore give power of the order of 12,000 kW
and 20,000 kW respectively. The two projects may

be roughly described as follows :—
(1) Project A —Masonry dam from the spur South
of Wads to near the junction of the Belgaum-
Ajra roads, length about } mu,, height about
80 ft. maximum. Flood waters could be dis-
charged over the weirs on both flanks,  From
a pont on the niver about mi. N.-W.of Mur-
vandvadi an approach cut cross to the nullah
N.-W. of Savantwadi would lead the water
to the head-works dam and a pressure tunnel
running slightly N.-W. for about 1 mi., where
1t Joins the pipe ine of about I mi. in length
The power house would be at a pomt 1 mi.
and 3 furlongs bearning 44° from Yerla and

the head would be about 1,800 ft

(i) Project B.—Main dam between the spurs N. of
Dhangarwadi village near mile 11 on the
Belgaum-Ajra  road, length about 3 mi.,
height about 100 {t. maximum. Flood water
could be discharged over a weir on the low
ground on the left flank. Owing to there
being low ground, North of Wadi, where the
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head of the Narayangad gorge indents into
the Deccan, two other dams would be neces-
sary, each about 4 mi. long and 80 and 40 ft.
hugh respectively. From one of these dams
a short canal under 4 mi. long would lead the
water to the forebay in a nullah at the most
easterly corner of the Narayangad gorge.
The pipe line about # mi. long would run to
the power house site at the junction of three
nullahs 1} mi. from and bearing 305° from
Vadi; the head would be approxifmately
1,400 ft.

In the case of both projects the waste water after
leaving the power house mught be utilized for irrigation
1n Savantwadi State. A scheme on the lines of project
B is already under investigation by Messrs. Dalchand
Bahadursingh of Calcutta; wheo, 1t is understood, have
applied for a 1 There are iderable depo-
sits of bauxite near the site of the proposed works and
it is intended to use the power for the manufacture of
aluminium. Surplus power, if any, might be available
for Belgaum, 36 mt. away, or Savantwadi 11 mi. distant
from the power house

(6) Kanert River, tributary of the Kalinadi River, North
Eanara District. (Map 48 1/12,) The site lies about
10 m to the S.-E of Kumbharvada to the E. on the
Belgaum-Karwarroad, 34m:. from Londa railway station
and 50 mi, from Karwar. The nearest bungalow is at
Gund, 3 mi to the E. of the aity.

The dam site js 2 mi. downstream of the village of
Chandegali and is situated in anarrow gorge. On the
right bank the lulls rise to 800 ft. above the river bed,
while on the left bank they rise to 300 ft. above the bed
dip, to a saddle about 250 {t. above the rivers, and then
continue to nise.  The site would, therefore, appear suit-
able for a dam 250 to 260 ft high and about 3,000 ft.
long, with a waste weir on the saddle of the left bank.
The catchment area is 145 sq. mi. and is situated in an
area where the minimum rainfall is probably not less
than 100 in. There are no rain or nver gauges in this
area but it appears to be safe to take a minimum run-
of 60in, which would yield a volume of 20,210 m. ¢. ft.
The contents of a lake formed by a dam 260 ft. high at
the selected site would probably not be much more than
15,000 m. ¢. {t., as, judging from the map, the valley
appears to have a slightly larger spread than the valley
at Bhandardara where a dam 270 ft. high forms a lake
with a capacity of nearly 13,000 m. ¢. ft.  The project
should, therefore, be developed on the monsoon flow
aided by 9 months’ stornge. Assuming a constant draw-
off of 600 cusecs the volume required during the monsoen
would be 4,730 m. c. ft., leaving a balance of 16,460 m.
¢ ft. in the year of minimum run-off. Assuming that
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Tasie 41.~dAmboli Project, Storage Balance Table.—Project ** B.”
Year. Total rain. | Run-on. i Runofl. | Stored | Qpmofior) Drwolfor | ywoye | Balanca,
§
Inches. M, 6. fhe Mot | Mot Mo ft.

WL . . . . 211 9,160 7,960 6,000 1,200 1,960
188 . . . . 242 10,830 £,000 6,000 1,200 2,000
w83 . . . . 258 11,740 8,000 6,000 1,200 2,000
L . . . . 229 10,120 8000 6,000 1,200 2
1885 . . . 203 8,830 8,000 6,000 1200 2,000
86 . . . . 207 8,930 8,000 6,000 1200 2,000
887 . . . . 273 12,630 8,000 6,000 1,200 2,000
188 . . . 267 | 5 12,280 8,000 6,000 200 2000
B9 . . . . 230 8000 6,000 1,200 2,000
3% . . . . Nox No ree
w1 . . . o | | 310 8,000 6,000 1,200 2,000
182 . . . . 231 . 8,000 6,000 1,200 2,000
1803 . .o 21 9,680 £,000 6,600 1,200 2,000
W . . . . 202 0,730 8,000 6,000 1,200 2,000
18 . . . . 218 9,520 8,000 6,000 1,200 2,000
|6 . . . . 212 9,200 8,000 6,000 1,200 2,000
7 . . . 26 9,960 8,000 6,000 1,200 2,000
188 . . . 227 10,010 8,000 6,000 1,200 2,000
B .. . [EL 6,220 7,020 6,000 1,200 1,020
B0 . . . . 217 12,860 8,000 6,000 1,200 2,000
ol . . . . 226 9,960 8,000 6,000 1240 2,000
1902 P 167 8,410 8,000 6,000 1,200 2,000
3 . . . . 206 8,800 8,000 6,000 1,200 2000
1908 ., . 208 8,080 8,000 6,000 1,200 2,
05 . . . 143 5,700 6,500 6,000 1,200 500
We L . . . 205 8,830 8,000 6,000 1200 2,000
w07 . . . 213 9,800 8,000 6,000 1,200 o
03 . Lo 263 12,160 8000 6,000 1,200 21000
10000 N 217 9,470 8.000 6,000 1,200 © 2000
1910 .. 207 8,950 8,000 6,000 1,200 X
w1 . . 189 7,900 8,000 6,000 200 2,
W . . R 214 10,940 8,000 6,000 1,200 21000
ms . . 177 7,370 8,000 6,000 1,200 2000
1914 R 270 12,440 8,000 6,000 1,200 2,000
1015 . 200 8,570 £,000 6,000 1,300 21000
we .. . 272 12,560 8,000 6,000 1,200 2
Wi oL . . . 231 10,400 8,000 6,000 1,200 2,000
we .. . 183 7,680 8,000 6,000 1200 2,000
we .. . 219 0,550 8,000 6,000 1200 o
1w . . . 177 7,370 8,000 6,000 1,200 ; 2,000

Trom abore firures the safo annual draw-off which will carr:
Taling Jowses for evaporation and soakago a3 400 1m, ¢, ft, to
continuous,

the lake will hold 15,000 m. c. ft., 1,480 m. c. {t. would
be surplus-ed over the waste weir, while of the storage
14,190 m, c. ft. would be used for power and 810 m. o. ft.
would go in losses in the tank, From the dam a canal
running in & general § E. dircction for some 9 mi. through
fficult country would lead to a forebay site in o pala
near the village of Komb, whence a pipe line about 1
i in length would lead to a power station site at the
village of Holgade, on the banks of the Kalinadi river.
The fall obtainable is 1,150 ft which, with a constant dis-
charge of 600 cusecs, would yield 600 1,150/15=16,000
LW. continuously. A posible use for this power would
be the manufacture of pulp.  Mills could be erected near

the tidal waters of the Kalinadi, to which bamboos 2ould
be rafted down,

through the worst year 13 7,200 m. c. ft
o available water 13 7,200—100=6,500 m. ¢. ft. annuilly or 215 cusecs

(7) Makadeo River, Belgaum District. (Map 18 I/G,
squares A2, A3, B2 and B3.)—The site is reached by a
forest road from Khanapur or Gun)i stations on the
Madras and Southern Mahratta Railway, by way of
Shiroli and Hemedga, the distances being 17 and 13 mi,
respectively from Khanapur and Gunji. The river
Mahadeo is a tributary of the R. Caudeapar, which it
joins in Portuguese territory, Its catchment srea above
the proposed dam sife is 52 sq. mi. of which a great part
isin ghat area. The project appears capable of develop-
ment on combined flow and storage.  No records appear,
however, to kave been kept of the river discharge or of
the rainfall in or near the catchment. A rough estimate
of the discharge on April 2nd, 1921, gave 20 cusecs but
it would probably fall to less than this by June. Inthe
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absence of any contoured sheets of the catchment area
it 15 imposaible to estimate the eapacity of the lake until
surveys are made  The propoced dam site is at a point
2Imu from Gawali village, beanng 35° from that village
The dam would be about 800 ft long and from 100 to
150 ft ligh the flood water bemng diccharged over a
weir on the dam or by means of a waste-water tunnel.
The land submerged will he mostly forest land and a
small amount of nice land, while one small village may
be partly flooded From the dam a canal, about 4 mi.
long on the L H bank of the river, and through difficult
side-long ground. will lead to the forebay. Aqueducts
and tunnels will be necessarv and this 1s hikely to be an
expensive part of the work  The forebay site is not of
very great capacity owing to steepness of its bed It
may he necessary to line 1t as rock 1s not everywhere
visible, From the forebay there are two posuble pipe
lines, one 2 m1 long giving a head of apprommately
1,400 ft , and one 1 m1 long wrth head of about 1,100 ft.
The first ine would serve a power house near the junc-
tion of the Tallivadi Nala with the Mahadeo River and
the site 1s some 15 ft above floed level and 30 {t. above
niver bed level  The second hne would serve a power
house 1n the gorge below Bhimgad fort, and some duffi-
culty 15 to be expected m finding sufficient room for 1t,
as the sides of the river are very steep There are no
irrigation possibilities 1 Brtish terntory, as shortly
below the power Louse site the niver enters the Portu-
guese colony of Goa. In the absence of any rain-gauge
or river discharge records 1t 1s mmpossible to give an
accurate estimate of the poneravailable. It would how-
ever be safe to assume an average rainfall of 100 inches
and with a run-off of 70 per cent power in the nergh-
bourhood of 8,000 kW could be developed. As regards
a market for such power, the power house is some 26mi.
from Belgaum and 16 mi. from Khanapur, where there
are distillenes, tile and briek works, while near Tallivadi
there are deposits of manganese. The possibilities of
the scheme appear to warrant the undertaking of rain-
fall and river discharge investigations and should these
prove favourable, detailed surveys might be carried out
with advantage.

(8) Zhe Mak: Rurer in Kadana Stale. (Map 46 Ef16.)—
Bome three miles from Kadana, the capital of a small
State of the same name, in the Rewa Kantha Agency,
the Mahi River passes through a deep gorge where the
rocky chils on either side rise to 250 to 300 ft, above
the river bed. In the gorge itself, where the distance
between the chifs is only 300 to 400 ft , the river has
cut out & channel, which when sounded in 1920 was
found to be 113 ft. deep. Above the gorge the valley
opens out shightly, and a barrier of hard rock cresses
theriverbed. The proposed dam is sited on this barrier,
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and its length for a height of 200 ft. above the river bed,
would only be 1,340 ft. The river has been gauged for
some years, and the Jowest recorded discharge for 12
months (1st June to 31st May) is 45,390 m. ¢. ft. The
Iighest recorded flood discharge was in August 1913,
when 2,000,000 cusecs are reported to have been gauged,
This 1s probably very much over-estimated. From local
information this flood rose to a height of 75 ft, above
the normal low water level of the river in the gorge
while immediately below the gorge, where the valley
opens out considerably, the flood level was 50 ft above
the low water level. (The maximum discharge of the
Indus mn the last 20 years is under 1 million cusecs ;
probably the above figure was actually 200,000 cusecs.)
Duning the months January to May the flow of the river
13 negligible, so that any project for power at this site
must be on the monsoon flow aided by storage basis.
Although the site is a very favourable one for a large
storage work, and there is every probability that the
cost per million ¢. ft, stored will be low, the fact that
there are no natural falls precludes the possibility of
making a power scheme that will pay by itself, and it
will be necessary to find further use for the water.
Three good pick-up weir or barrage sites exist below

the dam site, viz. :—

(1) 1 mi. downstream of Limbodara village. Map

46 B/12,
(2) Near the village of Harod. Map 46 E/12,
(3) Just above the junction of the Mahi and Panam
Rivers. Map 46 E/12,

all of which sites are in the Lunavada State. From the
most favourable of these which will probably be found
to be No. 2, a canal line could be run on the right bank
of the Mahi River to irrigate land in the Lunavada and
Balasinor States and in the Ahwedabad district. This
scheme will probably form a very good combined irri-
gation and power project, as given a demand for water
for perennial crops, there is every poscibility that an
irrigation scheme would pay by itself. The Mahi, in
the worst year, discharges more water than could possibly
be utilized for irrigation; if a storage work was con-
structed to hold about 25 per cent. more than the irri-
gation requirements above outlet sluices, placed 100 ft.
or more above the river bed at the dam site, it would
be possible to utilize this artificial head for power with-
out interfering with irrigation interests, and the extra
cost of the storage work could probably be easily carried
by a power scheme. The power generated could be
transmitted to Ahmedabad 87 mi. away, where large in-
dustries exist, or it might be possible to form & new
industrial centre at Godhra, 40 mi. from the power
station site. It is desirable that this scheme should be
investigated in detal, -
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(8) Sonda River, tributary of the Bedti River and Ganga-
vali, North Kanara District. (Map 48 J/9 and 13.)—The
site is reached from Kangod village, 7 mi. by foot-path.
Kangod is on the Yellapur (18 ra1.)-Sirsi (13 mi.) road.
The catchment area at the proposed dam site is 192 sq.
mi. of which probably a fifth can be classed as ghat
catchment. No river gauge records are available but,
in March 1920, a rough gauging gave a discharge of
25 cusecs, The only rain-gauge n the catchment area
isat Sirsi. This, however, is centrally situated, and its
readings may be applied with a certain amount of con-
fidence to the whole area. The average ramfall at Sirsi
is 93-89 1n. and the lowest ramnfall 15 6049 in. Some
60 in may be taken as the run-off in the average year
and 30 in, in the worst year, giving discharges of 26,740
ond 13,370 m, c. ft. respectively. If the project is
worked up on the carry-over storage system the attached
analysis shows that the monsoon discharge can be relied
on for 3 months and that the storage of 18,500 m. c. ft.

» will provide 13,750 m «c. ft. for power purposes for 9
months in the worst years on record and will leave
1,020 m. c. ft. in the tank at the end of the worst year
to safeguard against a late monsoon. The dam site is
situated above the village Ganeshpal, and below the
junction of the Sonda and Patnad rivers. A natural
fall of 352 ft. occurs 1} mi. below the dam site. It

TanLe 42.—Sonda
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appears likely that a dam 250 ft. high and 5,000 ft. long
will give the required atorage. The waste weir would be
on the right bank eo as not to interfere with the capal
line. The eanal line would take off from the dam on
the left bank and after passing through some rather
difficult country would reach the spur above the june-
tion of the Bedti and Bili rivers in o length of some
& m1. most of which would be in a heavy cutting or
tunnel. A forcbay site is found at the head of a nala
flowing into the Bedtiriver on east of this spur, whenee
the pipe line about 8,000 ft. long would Jead to a power
station site about } mi. N.-E. of the village of Konki,
4 mi. by cart track from Arbail on the Karwar-Yellapur
road. The fall of this Iength is 1,100 ft. so that, as the
storage will allow of a constant draw-off of 510 cusecs,
power of the order of 1,100x 510/156=39,600 kW. could
be developed. Kanara possesses no market for power
of this order, and, as long as the agrecment between the
Indian and Portuguese Governments is in force, her
coast towns are denied railway communication with the
mtertor. With the enormous quantity of power avail-
able in the district it should not be beyond the bounds
of possibility to develop industries in these towns, for
the manufacture for export of cotton and other goods,
from raw matenals imported by sea from Sind, Kathi-
avwar, other parts of India, and from South Africa.

river balance table,

Draw.o Volume sur-
Contenta of Contents of Toescs by | 1
for power o] » ses by | Tatance In
var | | neon | Sohemet | el ST | e | o, | PR esiiien| ekl
- g of, 3, ’ aud end of
monsoon, | WSO8 | monson | Wetrduting | wouths | ypucrpgion | seasen
| I
Inches Tnches Melt Mo ft Mot Moe gt Mt
im0t 13 M 120 8,500 750 e
o2 5 o iz ®'500 50 =60
13 o 0 4,250 4 500 S0 oo
1 3 ’ 40 5,500 50 o X
[ €3 1) 4,250 3500 50 o .
~oh wh 0 4,350 2,500 730 & 1150
l:'? w 1] 4230 X500 340 Qo 150
1-04 I " 4350 4,500 50 Iy 2]
Lo 0 ) 4,250 4,270 1o 600 a2
e " 0 4250 K500 70 oo 150
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(10) The Taitikalls Rver, tributary of the Ealinads River
XNorth Kanara District (Map 48 1'12 and 16 )—The
Tattihalli River joms the Kalmadi River about 3 mi.
ahove the Lalguli falls, and m the last 6m1 of 1ts course
falls 156 {ft  There 1s a site for a pick-up werr, or a
posable dam site, 4 et up stream of the Haliyal-Yella-
pur road bridge, whence acanal line 13my. long through
difficult country would lead to a forebay site about 2mu.
E. N-L of the village of Lalguli, whence a pipe line
5000 ft long would lead to a porwer station site on the
banks of the Kahnadi River  The total fall obtainable
13 750 ft. The niver has not been gauged and only two
rain-gauges exst 1n the catchment area of 456 sq. mt.
The area 1s non-ghat and appears to be in the tract of
the countrv where the average ramnfall vames between
15 and 35 m  The average ramfall at Haliyal and
Kalghatai 1s 39 99 1 and the minimum ramnfall 13 23-35
m  These figures could probably be adopted for the
whole eatchment area  The run-off would probably be
1510, manaverage yearand 61 tn the year of mintmum
ramfall, yrelding 14,120 and 6,318 m c. ft. respectively.
A dam 5,000 ft long and 150 ft high at the site nd1-
cated above wonld probably store some 10,000 m, c. ft.,
which, 1f worked on the carry-over system, would allow
{or an annual draw-off of about 8,000 m. c. ft, yielding
a constant discharge of 210 cusecs and leave 432 m. c. ft.
to cover losses in the lake

With this discharge and a fall of 750 ft 12,000 kW.
could be obtaned continuously Thus project 1s worth
mvestigating on account of the fall obtainable, though
the long canal line necessary may make it a rather ex-

[rensive one

(11) The Tadr: or Aghanashwny Rever, North Kanara

Dustriet. (Map 48 J11 and 15 )—The Lushmgton Fall

(330 £t ) are 3mt. by foot-path from the village of Hostot,

connected with Nilkund by a muram road 5 mi. long.

Nilkund 1s 17 mi. on a metalled road from Sirsi, a Taluka

Headquarter town, and 71 mi. from Haveri station on

the Madras and Southem Mahratta Railway. Another

route is from Kumta by metalled road to Nilkund 24mi.

The niver has not been gauged but has only & small dis-

charge 1n the hot weather, There is no site for a storage

work close to the falls as the bed-fall of the river above
the falls is rapid and the valley is narrow, but a site
exists between the villages of Matimani and Hulimani
about 1} mi. upstream of the Nilkund Sidhapur road,

8 mu. from Nilkund and 11 mi. from Sidhapur. Rain-

gauges are maintained at Sirs1 and Sidkapur in the catch-

ment area, from which it appears that the average rain-
fall in the catchment area of 210 sq. mu. is 106 79 in.
while the minimum rainfall is 70 49 in. A run-off of

33 in. or 18,374 m. c. ft. can be relied on in the worst

year.  The dam site is situated in o gorge, where the
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river passes between two hills rising to about 250 {t.
above the river bed, with a saddle about 200 ft, above
the river on the left bank. The length of the dam would
be about 2,000 ft. for a height of 200 ft. and the waste
weir would be in the saddle referred to above. From
the examination of the map it appears that the contents
of a lake formed by a dam of this height would be less
than the minimum run-off, and so the project would
have to be developedon monsoon flowaided by 9 months
storage. The storage capacity of the proposed lake has
been assumed to be 13,750 m. c. ft. which, allowing
775 m. ¢. ft for losses, would yield a constant discharge
of 550 cusecs for 9 months. During the 3 monsoon
months 4,335 m. ¢ ft. would be required for power so
that during the worst year over 1,000 m. c. ft. would be
surplussed over the waste weir, A better site for a dam
could probably be found further upstream, but this
would involve either the lengthening of the canal line
or the construction of a pick-up weir. From the dam,
a canal some 10 mi. long would lead to a forebay site
near Durga Devi, at the edge of the ghats, on the Kumta-
Nilkund road, whence a pipe hne 2 m1. Jong would lead
to a power station on the banks of the Benthol Nala near
the village of Morshet, about 1 mi. above the junction of
this nala with the Tadn River. The fall obtainable is
about 1,400 ft. on which, with a constant drscharge of
550 cusecs, some 51,300 kW. could be obtamed con-
tinuously This project 13 well worth detailed investi-
gation, should a call for power arise 1n this part of the
country. .

(12) Vaiturna River, Nasik District (Map 47E/9.)—This
river r1ses on the southern slopes of the Frimbak range
in the Nasik District, and after flowing south for some
miles finds its way over the edge of the ghats. The
above ghat catchment area is 6223 sq. mi. and is very
favourably situated as regards rainfall. Three rain-
gauges are maintained in or mear the catchment area,
viz,, Trimbak, Waghera and Kusegaon. The average
rainfall at these stations is remarkably regular :—Trim-
bak 93-33, Waghera 9071, and Kusegaon 89 32 in.
The combined average rainfall of 91-12 in. may be
adopted for the catchment. The minimum rainfall is
4288 in. A run-off of 60 in. in an average year and
15 in, in the worst year may be assumed. These run-offs
would yield 8,674 m. ¢ ft. and 2,168 m. c. ft. respectively
from a catchment area of 6223 eq. mi. The discharge
of the river has not been gauged but from local inform-
ation there is little or no flow after December. The pro-
jeet must therefore be developed on the monzocon flow
aided by storage. A good site for a dam exists 2 mi. tc
the S. of the Ghoti-Sirghat road crossing between the
villages of Wai and Dhargaon. The dam section and
cross-sections upstream have been surveyed and {rom

¥
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(8) Sonda River, trbutary of the Bedli River and Ganga-
vali, North Kanara District. (Map 48 J/9 and 13.)—The
site is reached from Kangod village, 7 m1. by foot-path.
Kangod is on the Yellapur (18 mr.)-Sirsi (13 mi.) road.
The catchment area at the proposed dam site is 192 sq.
mi. of which probably a fifth can be classed as ghat
catchment, No river gauge records are available but,
in March 1920, a rough gauging gave a discharge of
25 cusecs. The only rain-gauge in the catchment area
is at Sirsi. This, however, is centrally situated, and its
readings may be applied with a certain amount of con-
fidence to the whole area. The average ranfall at Sirsi
is 95-89 in and the lowest rainfall is 6049 . Some
60 in. may be taken as the run-off in the average year
and 30 in. in the worst year, giving discharges of 26,740
and 13,370 m. c. ft. respectively. If the project is
worked up on the carry-over storage system the attached
analysis shows that the monsoon discharge can be relied
on for 3 months and that the storage of 18,500 m. e. ft.
» will provide 18,750 m. ¢. ft. for power purposes for 9
months in the worst years on record and will leave
1,020 m. c. ft, in the tank at the end of the worst year
to safeguard against a late monsoon. The dam site is
situated above the village Ganeshpal, and below the
junction of the Sonda and Patnad rivers A natural
fall of 352 ft. occurs 1} mi. below the dam site. It

TasLe 42.—Sonda
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appears likely that a dam 250 {t. high and 5,000 {t. long
will give the required storage. The waste weir would be
on the right bank so as not to interfere with the canal
line. The canal linc would take off from the dam on
the left bank and after passing through some rather
difficul country would reach the spur above the junc-
tion of the Bedt and Bili rivers in a length of some
5 m1. most of which would be in a heavy cutting or
tannel. A forebay site is found at tho head of a nala
flowing into the Bedtiriver on east of this spur, whence
the pipe line about 8,000 ft. long would lead to a power
station site about 3 mi N.-E. of the village of Konki,
4 mi. by cart track from Arbail on the Karwar-Yellapur
road. The fall of this length is 1,100 ft. so that, as the
storage will allow of a constant draw-off of 510 cusecs,
power of the order of 1,100x 510/15=39,600 kW. could
be developed. Kanara possesses no market for power
of this order, and, as long as the agrecment between the
Indian and Portuguese Governments is in force, her
coast towns are denied railway communication with the
interior  With the enormous quantity of power avail-
able in the distmct it should not be beyond the bounds
of possibility to develop industries in these towns, for
the manufacture for export of cotton and other goods,
from raw materials imported by sea from Sind, Kathi-
awar, other parts of India, and from South Africa.

niver balance table.
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(10} The Tattrhalls Ruver, tributary of the Kalinady River
North Kanara District (Map 48 1'12 and 16 )—The
Tattikalll! River joms the Kalinadi River about 3 mu.
above the Lalzuh falls, and m the last 6mi. of 1ts course
falls 156 ft  There 1s a site for a pick-up weir, or a
posaible dam site, 4 mr. up stream of the Haliyal-Yella-
pur road bridge, whence acanal hne 13m long through
difficult country would lead to a forebay site about 2mi.
E X-E of the village of Lalguli, whence a pipe hne
3000 ft long would lead to a power station site on the
banks of the Kahnadh River  The total fall obtainable
13 750 ft. The miver has not been gauged and only two
ram-gauges cust m the catchment area of 456 sq mu.
The area 15 non-ghat. and appeats to be in the tract of
the countrv where the average ramfall varies between
43 and 35 m  The average ramfall at Haltyal and
Kalghatg11s 39 99 1n and the mmimum ranfall 15 23-35
in These figures could probably be adopted for the
whole catchment area. The run-off would probably be
151n 1 aun average year and 6 in the year of mnimum
ramfall, yieldmg 14,120 and 6,318 m. . ft respectively.
A dam 5,000 ft lonz and 150 ft Hugh at the site 1ndi-
cated above would probahly store some 10,000 m ¢ f%.,
which, 1f worled on the carry-over system, would allow
for an anuual draw-off of about 8,000 m «¢. ft., yielding
a constant discharge of 210 cusecs and leave 432 m, ¢ ft.
to cover losses mn the lake,

With this discharge and a fall of 750 ft. 12,000 LW.
could be obtained continuously. This project 1s worth
mvestigating on account of the fall obtainable, though
the long canal line necessary may malke it a rather ex-
pensive one

{11) The Tadr or Aghanashin, Ruwer, North Kanara
Dustriet. (Map48J11 and 15.)—The Lushington Fall
(380 ft.) are 3mr. by foot-path from the village of Hostot,
connected with Nitkund by a muram road § mi. long.
Nilkund 1s 17 mi. on a metalled road from Srrsi, a Taluka
Headquarter town, and 71 mi. from Haveri station on
the Madras and Southern Mahratta Railway., Another
route 15 from Kumta by metalled road to Nilkund 24mi.
The river has not been gauged but has only & small dis-
charge 10 the hot weather. There is no site for a storage
work close to the falls as the bed fall of the river above
the falls is rapid and the valley is narrow, but a site
cxists between the villages of Matimani and Hulimani
about 1} mi. upstream of the Nilkund Sidhapur road,

8 mi, from Nilkund and 11 rm, from Sidhapur. Rain-

gauges are maintained at Sirsi and Sidhapur in the catch-

ment area, from which it appears that the average rain-
fall in the catchment area of 240 sq. mi. is 106 79 in.
while the minimum rainfall is 70 40 1n. A run-off of

33 in. or 18,374 m. c. ft. can be relied on in the worst

year, The dam site is situated in a gorge, where the
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river passes between two hills rising to about 250 ft.
above the river bed, with a saddle about 200 ft. above
the river on the left bank, The length of the dam would
be about 2,000 ft. for a height of 200 {t. and the waste
weir would be mn the saddle referred to above. From
the examination of the map it appears that the contents
of a lake formed by a dam of this height would be less
than the mumum run-off, and so the project would
have to be developedon monsoon flow nided by 9 months
storage. The storage capacity of the proposed lake has
been assumed to be 13,760 m. c. ft. which, allowing
775 m. ¢ ft. for losses, would yield a constant discharge
of 550 cusecs for 9 months, During the 3 monsoon
months 4,335 m. ¢. ft would be required for power so
that dwing the worst year over 1,000 m. c. ft. would be
surplussed over the waste weir. A better site for a dam
could probably be found further upstream, but this
would mvolve erther the lengthening of the canal lne
or the construction of & pick-up weir. From the'dam,

a canal some 10 mi, long would lead to a forebay site
Lo L Ratllrial e

-n o

t
the villago of Morshet, about 1 mi above the junction of
this nala with the Tadn River. The fall obtainable is
about 1,400 ft. on which, with a constant discharge of
550 cusecs, some 51,300 k. could be obtained con-
tinvously, This project 1s well worth detailed investi-
gatton, should & call for power arise in this part of the
country .

(12) Vasturna River, Nasik District.(Map 47E/9 }—This
river rises on the southern slopes of the Trimbalk Tange
in the Nasik District, and after flowing south for soma
miles finds 1ts way over the edge of the ghats The
above ghat catchment area is 62-23 sq. mi, and is very
favourably situated as regards rainfall. Three rain.
gauges are maintained in or near the catchment area,
viz, Trimbak, Wagbera and Kusegaon, The areranr;
rainfall at these stations is remarkably regular :—Trim.
bak 9333, Waghera 9071, and Kusegaon 8932 in,
The combimed average rainfall of 91.12 i, may he’
adopted for the catchment. The minjmum rainfall i
4288 in. A run-off of €0 in in an average year and

. .. fae aue
of the river has not been gauged but from ‘l::calluis:fnoﬁe

ation there is little or no flow after P, s

ject must therefore be developed o:?;::;)mmelﬁm.

nided by storage. A good site for g gy, exist t:)on f o;;r

the S, of the Ghoti-Sirghat rpag Crossing bsts-mxgb’

villages of Wai and Dhargaon. T, d‘::l e65 \;e;nﬂ be

cross-sections upstream have heoy Sun'eye:lec,,;:s e
’l



124

these it appears that a dam 160 ft. high and 3,142 ft.
long, with a waste weir on the right bank, would store
5,358 m. c. ft. A higher dam might possibly be con-

WATER POWER RESOURCES.

[Para. 100.

about 86} acres instead of 42 acres as at present, and
would contain about 102 {3 m. c. ft. instead of about
20 18 m. c. ft. as at present. Raising further than this

structed, but difficulties would probably be tered
with the waste weir site, and the height given above
appears to be the economical height.

With a storage of this capacity and a worst year's
run-off of 2,168 m. c. {t., it will be possible to utilise
3,600 m. c. ft. from the storage annually, leaving a
balance of 1,768 m. c. ft., as a carry-over to meet a bad
year, This 3,600 m. c. ft. represents a constant dis-
charge of 111 cusees A canal line would take off on
the left bank from the dam site and, after passing
through some moderately diffieult country, would be
carried in tunnel through a ridge to a forebay site found
in a nala about 1} mu. south of the village of Wagia.
From the forcbay site, a pipe line 5,300 {t. long would
lead to the river bed 832 ft. lower down, and allowing
for placing the power station well above high flood level,
the available head may be taken as 800 ft. The storage
will yield 111 cusecs continuously so that the power that
can be developed on the above fall is 6,660 k. con-
tinuously. The generating station will be 67 mi. from
Bombay, 37 mi. from Kalyan, 23 mi. from Igatpur: and
8 mi. from Nasik, all places where the need for power
ests or is likely to do so in the future. The project 1s
well worth detailed investigation.

(13) Venna River Hydro-Electric Project, Mahabaleshvar.
(Map 1" Topo, Sheet No 47 G/9 and 13.)—The site of
the existing lake, at present used for the water-supply of
Mahablaleshvar, and the level of which it 1s proposed to
raise 30 ft. for power purposes, is about 1 mi. N.-E. of
Mahabaleshvar, from which place it can be reached by
car.  The catchment area of the lake is only 1 sq. mi.
of ghat area. From February to June there 1s no flow
from the streams into the lake. The lowest recorded
rainfall is over 139 in. which at 70 per cent. run-off
would give s volume of 921 m. c. ft. At the suggested
full supply level of R. L. 4,203 the lake would cover

is not practicable, as the submerged land would be
too valuable. The canal wéuld be taken along a falling
contour on the left bank of the Venna Nala to a forebay,
situated at a point about 17° 53° 25" N. by 73° 44/ 50" E.
1 m. 8-W. of Awkali, whence a pipe line about 3 mi.
long would lead to the power house. This would be
situated in the Venna Nala at o pomt about 17° 54" 45"
N. by 73° 44' 50" E. about 1 mi. from the foot of the
falls. The tail water would flow into the nala. The
outlet level of the present lake is R. L. 4,216 and the
nala bed at the power station about R. L. 3,105 giving
a total fall of 1,111 ft. Deducting 11 ft. for fall in
canal, etc., the available head would be 1,100 ft. As
the lake would be filled every year, the whole of the
extra 82 m c. ft., impounded by raising the dam,
would be available. It is not proposed to run the plant
during the monsoon unless Panchgani 1s to be supplied
as well as Mahabaleshvar; thus 82 m. ¢. ft. would be
used in 9 months giving 35 cusecs. This would give
some 250 kW, continuously for the 9 monthbs.

The power would be used for pumping the water supply
of Mahabaleshvar and for lighting, and a plant of some
600 kW. or more could be installed. Referring to the
table on page 23 of the Preliminary Report on the
Water Power Resources of India, 1919, assuming the
cost of coal to be Rs. 24 per ton, a power factor of 10
per cent. and practically no transmission line, 1t will be
seen that the admissible cost of the hydraulic develop-
ment per e.h.p. installed is about Rs 636, or the total
admissible cost 51 lakhs,

100. Burma; known sites,—The following summary
relates to known power sites of which reconnaissances
have been made, and s0 much information as
1s avallable follows It will be observed that most
of the sites in Burmn can be developed on flow
alone.

TasLe 43.—Burma ; summary of hnown sites.

Constant " Probable
. N . Sito How Iead, continuous
benal, River of site, Nature of supply. number. assumed, * r ‘powor, REMARKS,
cuscos, KW,
500 3,300
M Bl Chaanz Flow .. {(!) 10
. o) 100 | 1000 10,00
(2} fermand Myo River e . . 10| 300 2,000
t .
3 Chaangzevt Chaang ' Do 14 o ’l‘?gofz 1,100
‘ ,
w :a-al-m Raver . | Do .. 3.000 30 0,000
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! Constant Probablo
Sonal Rurer or site Natare of Supply e | ey, T | eontinont s,
cusees, kW,
(5) | Helaung Chaung Flos L. 50 2,000 6,000
(6) | Trrawaddy Tuver Do . { At Sinba 10,000 EY 50,000
(7) | Kangry Ye ta-goon . Do 5 1,500 500
(8) | Konwet or Kinwe River Do 20 2,000 7 2,000
@) | Nam Kwe Do 2 1,100 1,500
(10) | Namma River Do 300 120 2,100
{11) | Xam Tamphak River Do 200 900 12,000
(12) | balwcen River Do At lfatgys 20,000 1 % 120,000
Or more.

(%) | shwebs River Do At Selan 4,000 1,000 250,000
(1) | sattang River Iow and storage . 50 1,200 4,000
(15) { Taping River Flow T 500 500 17,000
(16) | Thaukyegat River Tlow and storage 300 200t 4,000
ToraL . 492,400

(1) Balu Claung, S Shan States—{i) This about 120 sq. m. and Mr. Raikes reports that

stream enters Imle Lake valley near Indemze and has
a discharge which is believed not to fall much below
100 cusees. It was partly exammed 1n 1904 and again
in 1920. There are no clear falls, but rapids are
numerous and extend for several miles up to a height
of about 1,000 {t above thelake. (Map 93 D/I1, 15.)
By lifting dams, if not otherwise, development may be
possible 1f the ground will hold water. This, however,
is doubtful. By open channel (somewhat costly) it
seems probable that helf the fall or 100Xx500/15=
3,300 K1V, continuous could be obtained.

(if) The river draining Imle Lahe to the S, is
also called Balu Chaung The minimum discharge
is unlmown but is probably considerably greater than
160 cusecs as other streams flow into the lake There
are natural falls of 600 ft. and a number of small
falls within a few miles of where the river reaches
the Nam Pawn. The lake has 2 large water-spread
and swamp arca, and by raising it a few ft. regula-
tion could be obtained, The total fall is some 1,000
ft all of which can probably be used. The con-
tinuous power is not less than 10,000 kW. and
may be three times as much.

(2) Bernard Myo River, Mogik —This river, 9 m,
N. of Mogok, is a tnbutary of the Kin Chaung
and Shweli, The minimum discharge, due to springs,
i3 about 10 cusees or more and there is a drop of 3,000
to 4,000 ft in a shortdistance. The catchment is

“springs and reservoir sites appear to be numerous
in this area,” The continuous power is probably
not less than 2,000 kW. (Map 93 A/8)

(3) Chaunggyr Chaung.—A tributary of the Nammeik
and Shweli (map 93 A/12). The discharge is believed
to be never below 14 cusecs and there is an available
head of 1,500 ft or 1,400 kV. continuous.

(4) Chindwin River, tributary of Irrawaddy —This
large river has a catchment of the order of 5,000 sq
m. mostly unsurveyed, on map 83/0. The Kanti
falls, 20 m. above Kanti, are about 30 ft. normally
but it is possible that they may disappear in the rains
(cf. Narbada R.). The munimum discharge is beheved
to be about 3,000 cusecs, and if flood regulation is
possible development is also possible. The continuous
power willbe of the order of 6,000 KW. if deve-
lopment proves possible.

(5) Helaung Chaung, tributary of Hpawngow.—This
rises near Wetwun and falls about 2,000 ft in 11 m.
between the railway line there and Ilkelawng. The
minimum discharge is of the order of 0 cusecs, and
some 6,000 kW. may be expected. (Map 93 B/I2,
16.

(6) Irrawaddy Riter—1t is very doubtfnl if economic
develop t of this i river is po-ible. A
rough project was drawn up by Mr. Hare for damming
the river at the defile below Sinbu and diverting it by
a channel to the E, tid the Nainsang and Mole
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rivers, o matter of 45 mi, It is doubtful if this is
practicable unless flood regulation on an enormous
scale is possible. Nevertheless the power obtainable
is almost beyond conception, though there appesr
but small prospects of it ever being required in so
remote a district. Some 28 m. above Myitkina the
Irrawaddy proper is formed by the confluence of the
Mali Hka (W.) and the N'Mai Hka (E.). The former
has a fall of 510 ft. in 155 mi. and the latter 739
ft. in 121 mi. approximately, Both rivers have
many gorges and rapids, but there appears no prospect
of using these in the present century.

Mr. Hare's proposal is to utilize the whole dry
weather flow of the mamn river on a fall of 80 to 100
ft. near Sinbu, which is at the mouth of the first
defile, some 79 mt below Myitkina. Here the river
runs in a narrow gorge in high hills for about 33 m
before emerging some 6 mu above Bhamo, The
passage through this defile appears to be somewhat
of a geological freak, as an easier passage could have
been effected. At the gorge entry the miver backs
up some 80 ft in flood times, at Sinbu gauge, and
hiag reached 102 ft. If the waters were headed up
to 140 ft. here they would be diverted over the divide
between the Namsang Chaung and the Mole Chaung
and, avoiding the defile, would have reached the maimn
bed again just above Bhamo by the Mole and Tapmg
rivers, Mr. Hare suggested that the river should be
led off at low water at the Tahena bend, in an escape
- channel, taking off from the mouth of the Namsang
Chaung at level 400 ft while the gorge atself is
dammed ; alternatively a diversion tunnel could be
constructed ; as the whole supply would probably
never be utilized tlus could afford a duplicate perma-
nent flood outlet. The lake formed belund the pro-
posed dam would be of enormous extent, go that flood
regulation is definitely a possibility ; il carried up
to the 450 f{t. contour the waterspread would be
about 325 sq. mi. and another 10 ft. would about

double this, 1 foot giving some 9,000 m c. ft. extra.

1f the whole of the excess water were diverted as pro-

posed there would be & head at the dam of from 80

to 100 {t. It nppears as though a constant draft

of at least 10,000 cusecs could be obtained and pro-
bably far more. On an 80 ft. head this would mean
about 50,000 LW,

7) Kainggyi-Ye-ta-Goon.—This discharges into the
Madaya River, near the Mandalay Canal headworks.
Only about 500 LW. could be obtained, as no
storage is possible. The discharge drops to 5 or 10
cusecs but the {311 is 1,500 t0 1,700 ft. (Map 93 B-7.)

(3) Konwxt (or Kinwe) River, Mogok —This is not
matked on the maps (93 Af4, 8). It has been stated
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to have a minimum flow of about 20 cusecs and a fall
of 2,000 ft. in a few mi and may probably be good
for 2,000 kKW, or more. A tributary of the Kin
Chaung is marked under this river as alco having a
cold weather discharge of 20 cusees (%) and a
fair fall.

(9) Nam Kwe, Yamethin—A combined irrigation
and power project can be carried out on this river.
The irrigation scheme consists in storing and diverting
the head waters of the Nannge Chaung towards the
plans near Yamethin by means of a dam near Nam
Kwe and a tunnel through the northernmost branch
of the stream flowing past Konywa ; map 93 D/2, 3, 6,
7. With a head of 1,100 £t 50 cusecs would be avail-
able for 12 hours a day throughout the year for power.
Assumung that by a pick-up weir or otherwise this
flow could be spread over the 24 hours (25 cusecs)
the continuous power would be 1,800 LYV,

(10) Namma River—This joins the Nam Yao at
Se-en railivay station and flows into the Namtu E.
ot Hsipaw and below Mansan Falls. In a deep gorge
2m up from its junction with the Nam Yao it runs
through a large * natural bridge” in the limestone,
over a series of rapids. There is a fall of 120 ft. in
the G600 ft above and 200 ft below the bridge.
The discharge i November was estimated to be 600
cusecs so the mmimum is probably not above 300.
Owing to the fissured rock it is doubtful if a storage
reservoir could be constructed, though a site for one
exists above here  The site would, it is said, be very
costly to develop ; though on the face of it & low dam,
with a short tunnel and pipe appear possible. The
power gvailable is 2,400 kW. (Map 93 F/10, 14
and 93 J/2.)

(11) Nam Tamlpak River—This joins the Nam Pawn
near Wan Man and is said to have a good discharge
and fall near there. Probably 200 cusecs with a
fall of 900 ft. is near the mark, or 12,000 kW.
It is in the vicinity of the Balu Chaung and Nawng
Htao Lake which are both said to have geod falls and
discharges.  (Map 91 E/D.)

(12} Salween Rirer—The Hatgyi rapids 100 mi.
S.-E. of Taungyi and the same distance N. of
Moulmein are well known by repute though few
people appear to have scen them. They are some
40 mi, sbove the entry of the Yunzalin River and
below the entry of the Taungin River. Reports are
conflicting, and there are said to be falls of from 70
to 300 ft. Probably the lower figure is more correct
for these rapids, but others may exist furtber up.
The minimum discharge is very great, of the order
of 20,000 cusecs, and flood discharges of a million
cusecs (as large as those of the Indus) are beleved to
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oceur ; the floods rice 90 ft. when no doubt the fall
mostly dieappears  1f flond regulation 1s at any place
possible (para 83) there 18 no doubt enormons
power capable of development by Lifting dams and
itissafe to estimate at least 120,000 KW as possible

(13) Shwele Ruver, tribwtary of Irravaddy —This
great mver 1s saxd to have a diecharge of 1,000 cusees
normally m Apnl It 1s reported to have falls (the
largest 3% ft) aggregating 1,000 ft 1w 5 m This
1s belon the large snamp or lake at Selan, winch could
doubtless be slightly rared for flood regulation and
storage  The clevation at Sclan 15 about 2400 ft
and the land 1s cultrs ated, eo that no great submergence
would perhaps be posable  There 14 granste avalable,
The mte 1s probably worth about 230,000 kW
continuous and mas he even better of storage can
ensure proper regulatton of floods  The upper reaches
below Namhban and the Kveu Ktabo rapids are aleo
mentioned as well as the Nam Clhit trihutary falls
of some 300 ft  (Map 93 L6, v, 13)

(11) Suttang Riter.—There 13 said to be a good power
gite on this mver N of Pvinmana near Yezin village
and Taungnve  Further N 20 nnles due E
of Yamethin, there 1= a fall of about 1200 ft reported.
The diccharge falls to about 50 cusces but could be
supplemented by storage  The possibility of tunnelling
through the watershed was mooted, wlich would brmng
the tail waters to where they counld be used for irriga-
tion. Although the rock 1s lunestone, which 15 gener-
ally badly fissured 1 Burma, 1t is stated that earthen
bunds have been used here mn the past with success.
It seems probable that upwards of 4000 kW.
could be obtaned continuously (Map 94 A/1, B
D3, 4.)

(15} Taping Ruer, trbutary of Irrquaddy—The
confluence is near Bhamo, About 31 mu up the river
from the confluence, on the Bhamo-Tunhong road,
there is believed to be a cold weather discharge of 500
cusecs and a drop of 500 ft in & mi. The site is
worth examination and may give 17,000 kW,
or more continuously The Tunhong gorge beyond
Kalechet has also been mentioned. (Map 92 IIf11, 14)

(16) Thawkyegat River, tributary of Sitang.—A site
6 mi. 8. of Toungoo has been partly examined,
on maps 94 A/11, 12, 16; B/9, 13.. The catchment
is considerable“and on the N or main branch a
reservoir site (about 1,000 m. ¢. ft) appears possible.

. The discharge in March 1919 was 300 cusecs, and
most of the small feeder nalas have a little water in
them, Tlhe § branel can possibly be led m\md
by a channel to the reservoir site from w hence an open
channel would apparently lead to a good forebay and
pipe line route. No scheme Las yet been drawn up,
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but it scems probable that about 4,000 kW, can
be obtained continuously.

101. Central India ; known sites. Bhopal ;

Gadarin Nale —This  stream runs parallel to the
railyay from Bhopal to the Narbada at Budni (map
65 F/9), where o new industrial city is in process of
malking  Local engineers drew up a rough project,
on hnes suggested by the Survey, and Messrs. Bull
and Meares visited the site in January 1920. Various
alternative methods of development are possible, but
the confirmed data are so far altogether insufficient
to form a judgment on. The new city will probably
require some 3} million units (kWh ) per annum.  The
catchment area is about 3% sq. mi, with annual
rainfall generally between 36 and 40 in. The run-
off 13 likely very high, from the nature of the ground.
The average run-off is likely to be of the order of 1,800
m ¢ ft. A dam site at about R. L. 350 ft. was
exammed and found favourable, but the capacity
has not at present been determined. A further possible
reservoir site exists at about R. L. 316 {t. and a third
site at about 240 ft probably the best of the three
for 1mtial development. From this lowest site there
18 2 fall of 52 ft. in 4,000 ft. Cleatly on so low
a fall large storage is necessary. Possbly by going
further a total fall of 72 ft. may be obtainable,
Several possible methods of development were suggested.
to the Darbar for survey, The estimated consump-
tion of 3} mi. units is equivalent to 400 kW.
contintious, and this can probably be obtained. As
the project depends on storage any load factor or peak
Joad can be met,

102. Central Provinces; summary of lnown
sites.—The following pages give abstracts of the
reconnaissance reports on a number of sites in the
Central Provinees which appear to be well worth further
detailed examination and survey. Some of them will
almost certainly prove worth developing if there is a
market for the power; but it is essential not to lose
sight of the fact that a water power site is often
ruined for good if a partial development only is placned.
To enable the site to be fully developed, nearly tke
whole cost of the hydraulic lay-out must be incutred ;
and, unless the pover can also be fully utilized the
units that are generated have to bear the whole of the
capital charges.

The investigations were made during 1920 under
the direction of Mr. Powys Davies, Executive Engineer,
Officer-in-charge, who was later succeeded by Mr.
N. C. Bhattacharji, temporary engineer. The five
circle officers (supervisors) employed were Charan Singh,
B. S. Nagoji, K. Fariduddin, Heera Singh and D. K.
Kieju, all of nhom did excellent work for the Survey.
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By following the directions contained in the
“ Reconnaissance, Survey and Report Form,” printed
on pp. 19—28 of the Sccond Report (para, 37 supra),
admirably logical reconnaissances have been recorded.
These are on record in the office of the Chief Engineer,
Iydro-Electric Survey, and contain a mass of nseful
data regarding ranfall and run-off with maps and
plans, discharge curves and so forth. Owing to the
closing down of the work in the Central Provinces the
data have mostly not been correlated ; this would in
volve months of work and will, it may be hoped, be
undertaken hereafter At present, as is well known,
the calculation of the flow from a catchment is little
morz than intelligent guess work. Regular gauging of
the rivers, and the provision of automatic water stage
recorders in the more important ones, is very neces-
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sary. The exceptional drought of 1920-21 offered
a chance that may not recur for many years; in the
interests of India it is to be hoped that this will be so;
but the closing down of all investigation in this area
at such a time is a disaster from the point of view of
the Survey of water power resources.

1t will be seen that practically all the projects wou'd
depend on storage for many months, while the heads
are mostly low or medium with very long pipe lines.
These conditions make for expensive development,
but only actual survey can determine whether
such projects can compete with fuel developed
power.

Thefollowing is 8 summary of the sites detailed
below and the continuous power which they appear,
on present information, likely to afford :

TanLe 44.—Central Provinces; summary of known sites.

g Sute Constant flow Head, ‘C"““"““’
Senal, Raver or mten Naturoe of supply. number. assumed, cusecs. 1t Pl?\‘:'ir' REMARKS,
(1) | BowaaR. . | Btorage for some 120 200 1,600
‘months .
() | Chika’da Platean .l Ditto . . o) 12 1,200 800 | () and (u) sre
() 27 450 alternatives
Chitarewa—See Sitarewn -
(3) | Dinwa R . Ditto . . 178 300 3,500
(1) | Indravati R . Tlow and Storage . {1) | Probably too expen-
aive,
{n) Ditto
! () 1,200 100 8000 | (17} and (v) aro
additional  to
) 1,200 200 | 16,000 (o) () s
alternative,
. () 1,200 2250 20,000 | No, (w)is Likely
o Not ined. to bo & cheap
v, N 5
Kasshan Seo ST, ot cxamin development,
(%) | Machna R, . . . Tlow and Storage . 10} 13 455 1,000 | {u) ia additronal
to
(1) 30 250 700 | No. (.‘)‘ wuudld be
& cheap deve.
(6) | Mabanadi It . « | Btorage . . 3 2,2 .
dabanedi It s g 83 400 ,250 lopment.
dooan 12, . « | Flow and Storage , - 56 730 2,700
are B . « | btorage . . W0 (] 4,000
rlada 12, . . Flow and Storage L0000 170 11,000
L. Storage o . 44 300 #30
Seo Eilewan:
Ghat, parszraph &3
1) | enzanga 1, .« | Flowand Storage . (i) 637 250 11,000 | For (1) (w) (i)
(12) | lumaand Moga R . | Borage PR o 55 130 1600 | " sec entry below.
() | Doubtful utihty.
~ i 102 1 650 Jdditional
\3) hl.\l, Kuasaba and Sankul | Storsge . . ..(. ! o 522 7,000 (ml)o‘(‘l)? o
(| Etsives . . Do . 78 15 3,700 | A cheap scheme
IR RIS N N TR e 213 130 2350 | " (o derclop.
e UTapur, 0 | Tlow aud Storsge [0} 150 100 . 3,000 °
- .. [ 50 400 12,000 | (u) i3 additionsl
U3 | Camaltty o ., , Many to ()
1 Totar 113,800 | kWe,

NOTR—TLese pamjects marked &
Thtee px s marked s ™

\

torage ™ depend mainly on monsoon storage for & renod of 1 to € monthe,
ow and btorsge ™ Lave somo gurennial flow, Lut 5t must e suppk mented duting the hot weather
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(1) Beras Ryver, tnbutary of Ken, Saugor District.—
This wa< esammed 1z the neighbourhood of Ladhora
Khurd Emlway station. map 53 113 The catchment
is 280 sq m and the rainfall i the two driest
concecutrve vears was 31:8 and 20 §in respectively,
grvmg an estimated yvield of 5990 and 2400 m ¢ ft.
The site of the dam appears to be near Richhawar
on rquare 6 at R L 1 600 where 1t 18 proposed to store
a gross 6,000 ond net 4,200 m ¢ ft but apparently
the site would hold larger storage to allow for a carry-
over from good to had vears A channel on the R.
bank some § rm m length, with 1 m of ppe, would
give a fall from 1600 ft (pivs height of water) to
1,400 ft L of Padana wllage on equare 8 of the
map A constant discharge of 120 cusees (probably
more) nith a fall of 200 to 250 ft. would give power
of the order of 1600 to 2,000 kW continuously
The scheme appears prowa factr to he a favourable
one, likelv to prove reasanable i cost on commercial
foad factors, snd 1t js worth detmled mvestigation
Saugor town 15 close by

(2) (alalda Platcaw, Mclghat Talul, Amraoti Dis-
trict —In the Prelmunarvy Report, page 84 (Chikalda)
and page 83 (Melghat) mention was made of this area
(mcluding McKenzie Falls) as one of those proposed
by Mr Batchelur The origmal proposal put forward
was for a main reservoir on the Baram Sat1 Nadi above
McKenzie Falls, about 1 ms N-E of Gawmlgarh
Fort, whence a fall of 1,300 it is obtamable. It
was proposed to divert the nalas on both sides into
this main storage, 11z, on the W the dramnages from
Clulalda Hospital to Chandni Burj or Maclu Tal and
on the L from Motha village. The catchment
would be only 6 eq mt and the average yield

in two bad seasons is reckoned at 156 m. ¢. ft. cn]y,
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Marki nala, some 3 mi S-E of Kamapur,
cutting through the spur between the Sapan and its
tributary. The Motha Marki nala would provide
a catchment of 24 sq mi. at its reservoir site
near the Motha-Ellichpur road. Thence a channel
could be constructed pear R. L. 2,700 to where it cuts
the nala flowing towards Manbhung (square 8). From
a forebay here the pipe line would run down to a power
station N of Dhamangaon at R.L. 1,500 There
would be 5 nalas to be dammed, 9 mi. of channel
and 1% mu. of pipe line, mostly on difficult ground.
The total catchment 15 16 sq. mi. giving a mini-
mum yield estimated at 416 m. ¢. {t. but a far greater
normal yield, As the fall is 1,200 ft. the continuous
power would be of the order of %18 1220 oy sy
950 kW. but with additional camy-over it may
prove more on examination

2nd site—The second alternative proposal for this
area 1s to dam the Sapan Nadi between R. L. 1,950
and 2,000, § mi. N.-W. of Arpadi village (square 8),
where the catchment 1s 23 sq. mi To supple-
ment this the Morapatha Nala and its tributary from
Majn village on the E could be dammed at R. L
2,000, the combined catchments bemg 129 sq.
mi  Channels of 3 and 5 m. would do this. The
channel from the main reservoir would run between
R. L. 1,950 and 2,000 for 3 mi. and then with & pipe
line 1 mi. long will drop toR. L. 1,500 at a
power house North of Dhamangaon village. The total
catchment is 36 sq. mL with a bad year yield
estimated at 936 m. ¢. ft. giving an assured flow of 27
cusecs and probably more with carry-over from good
years  The continuous power is of the order of 27x
460/15 or 800 kIV.

None of these projects would be cheap to construct

gm.u" under 400 LW This prop
is therefore valueless The site comes mto map 53
G/7 but for details the 4 in  Forest map, sheet XIV
(Chikalda Forest Reserve) must be referred to. Exami-
nation of the above-mentioned site suggested two
other possible methods of development to the investi-
gating officer

1st site—It 15 suggested to place a Lund across the
Biona nala, 1 m 8. of Silona willage (squares
4 and 7 of 1 in map) where the catchiment is 4-9
sq mi and to carry the water along R L. 2,750
to a mam reservoir on the Sepan Nadi } mi. N
of Kamapur village (squares 4, 5). The catchment
of the Sapan Nadi here is 78 sq mi. at R. L.
2,700. The waters of the Jamunala (Jamuda ?) nala
on the east, with a catchment of 08 sq mi would
also be diverted to the reservoir. A channel would
then run along R. I, 2,700 to a reservorr on the Motha

ing the small power avmlable, but they merit
further examination.

(3) Denwa River, Hoshangabad and Chhindvara
Districts —This is a tributary of the Tawd and Narbada,
rismg in the § of the Pachmarhi Hills and flowing
round to the N of them. The site examined is
opposite mile 3{ of the Pipatia-Chhindwara Road,
4 mi. W, of Sitadongn village (map 55 J/11, rquare
1). The river is perensial, though the flow falls very
low; it was 10 cusecs®n 21st May 1920. The catch-
ment area is 177 sq. mi. largely forest, and i3
mostly within the 70 in. rainfall contours around
Packmarhi., Pachmarhi records show an average of 73
in and a minimum of 378 in. with as muchas 18
in of rain on one day. The two drest consecative
years gave 69 and 37-8 in. The yield is reckoned to
average 9,360 m c. ft. with an exceptional minimum
of 2,500 m. c. ft. T he dam, o mile downstream of

N
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Bandban, ab the place referred to above, would ba
1,600 ft. long and 110§t high giving a gross capacity
of 8,780 and effective 6,185 m. ¢. ft. The submerged
land is forest, partly belonging to Pagara State, the
niver forming the boundary between Hoshangabad
and Chhindwara. From the dam an open channel
would be carried along the R. hank over 8 mi. of
dufficult country, at about R. L. 1,700, to a forebay
a little N.of Totar Pahar (55 J/10, square 3). There
would be two large nala crossings and 16 smaller ones;
a tunnel of 1,600 it will reduce the length by a mile,
and much of the route 1s precipitous and may nvolve
further tunnelling. The forebay site is 5 m S.-W.
of milestone 24 op the road named. The rcport
proposes damming a nala for thus purpese, but 1t would
appear far cheaper to excavate a forebay, for which
the ground appears suitable on the 1 m map. The
pipe line, including a tunnel of 1,060 ft would be
1} mi long and would give a fall of 300 ft to the
Dudher tnbutary, 2 m1 W of the name on the 1
in map and 2} m W of the 2ith milestone

The dependable discharge is about 176 cusecs from
the storage alope, which would be increased during
most of the year by the natural flow ; and with some
extra eafry-over 1t 15 probable that 200 cusees could
be obtained in the worst years Takmg the lower
firure the power would be 176x300/15 or say 3,500
LW, continuousty. Pachmarhi 1s near by and
there are possibilities i the way of a tramway there,

but the load could not be absorbed at present. The

project would be moderate mn cost, namely about
’s. 900 per kW, continuous or say Rs. 300 per
LW, installed, for the hydranlic development
only.

(1) Indravaty Buer, Clatrakot fall, Bustar State.—
This i= 23 mi. W. of Jagdalpur and 13 shown
onsheet 41 of the old 1 in  Central Provinces
and  Vieanipatam  Ageney Tepo.  Survey and i

on map 65E/2.  The catchment above the fall
is 6100 sq. mi of which about hali i
wader cetltivation The total monsoon  yield is

estimited on Dinnie's method to be 362,000 m. c.
ft baed on a mean monsoon fall of 528 in,
There are not enough rainfall stations to enable Barlow’s
method to be applied, but the average total rainfall
is over €0 an, ThLe river has mot been regularly
psuzwl over g long period, o the information avail.
atl~ i« romenhat <canty, Gaugings  during 1920,
Yowever are tentatively assumed to ghow that, with
+er3, 3 eonstant dicharge of 3,000 cusecs during
t1a nhele of the 7 dry months can be depended upnn::
while the . » in the wet months s
{ar greaten,
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The figures given are as follows :—
TapLe 45— Discharge and make-up for Indravali

River,
Assamed | Makemp | Quantity
discharge from of make-
Month. of stream. storage, up (m.e
(Cusees ) {Cusccs,} ft)
|
October . . | 3,000 X, Xil,
November . . . 1 2,500 500 1,206
December . . \ 2,000 1,000 2,678
January . . . 1,600 1,100 3,750
February . . .1 1300 1,700 4112
March T 1,800 4,821
Apnl . . . . ] 500 2,200 5,302
May . . N 00 2,500 7,196
equal  to| Tora 29,555
23890 .. . e, ft,
t.

Ist proposal—The project wonld, therefore, prefer-
ably be developed on combined flow and storage. The
dam site 19 700 ft. upstream of the Chitrakot fall;
the length would be 5,400 ft with a maximum height
of 63 ft. But the submerged area of over 60,000 acres
covers very valuable agrieultural land and many villages,
and it 15 therefore probable that same less expensivo
site would have to be found; the compensation at
this site would be over 13 lakhs. As reconnoitred the
above reservoir would contain 41,400 m. ¢. ft. effec-
tive, the bed level being at R. L. 1,707, cill level 1,720
and highest level 1,770,

The natural waterfall is about 100 ft. in height
but by means of a contour channel on the I, bank for
15 mi a fall of 300 ft. is obtainable from a suitable
forchay site opposite Karli. The length of channel
is  some 15 mi. mostly on clff. A pipe line
2} mi long, of which 1 mi. would bein tunnel, leads
to the power house site at the western Beja village.
(It would be preferable to use the tunnel for the channel
and to have the forebay on the W. of the spur, thus
greatly shortening the pipe Iine) The power house
site is stated to be 50 ft. above bed level and 20 ft.
above flood level, but no R. L. is given, If the fall
of 300 ft is to the poner house site it scems probable
that that site could be lowered so that the whele (vari-
able) draft head below could bo utilized, giving about
10 per cent. more fall and power.

Thoe power available with the above lay-out would
be of the order of 3,000x300/15 or €0,000 kW.
continuously, The cost of the hydraulic development
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is roughly estimated to be Rs 500 per kW. con-
tinuous, or eay one-third of this per KW mstalled,
£o the project is dictinctly a cheap one For reasons
indicated however this project may be considered
impracticable considering that it 1s in a Native State
If the large storage were ever Justified 1t could be
carrted out as a supplement to the less ambitious
projects that follow
“nd proposal —If Chutralot fall alone were developed,
with storage as indicated above, there would be no
open channel and a pipe line of only 1,100 ft , and
a good power house ete exists on the left bank, well
above H F L The effcctive fall 1s stated to be 75
it but thic evidently avsumes that the draft head
from power house to bcd level would be lost, the
full kead of 100 ft would naturally be utilized, giving
3000> 10015 or 20000 kW Tl site 1s also
much more accesstble
Bastar State 1s very isolated and far from any
present demand At a distance of about 65 mu
there are promising schemes near Jeypore, which 1s
nearer by that amount to Vizagapatam, so there 1s
not much prospect in the coast direction. For the
present however the object 1> to ascertan the most
practicable schemes m case power should be required.
3rd proposal —It seems clear that the great storage
contemplated by the local mvestigating officer would
not be permuseille. But from data given above it 1s
probable that a mimmum perennial discharge of about
1,200 cusees can be depended upon to about the end
of March. The Apnl discharge is taken as 800 cusecs
and the mununem measured mn May was about 400
cusecs To obtan a constant mimimum discharge of
1,200 cusecs some 3,100 m. ¢ ft only would be
required imnstead of 41,000 m ec. ft. TLecontour
plan of the ste shows that this storage would be
practicable and probably reasonable in cost ; at contour
R L 1,740 some 3,500 m. c. ff could be obtamed
with a comparatively emall waterspread.  Using the
natural fall only, the power capable of development
vould be 1,200%100/15 or 8,000 LW. Witk
1o channel, 2 short pipe line, and a low dam this would
certainly prove a cheap development.
th groposal —If this scheme were carried out the
fall below could still he utilized The old maps show
no levels, but the river below the fall runs in a gorge.
At some pomt to be determined a pick-up weir would
be placed acrosg the river, such that.the tal waters
would discharge 1nto this small reservoir without
sertous loss of Lead. From behind this weir a tunnel
would be taken strajght through the spur to a point
near Bimntha, whence the remaming fall of 200 ft
{probably 250) could be developed by a short pipe
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line to near Kankot. With the regulated flow of
1,200 cusecs the power here would be an additional
16,000 kW. continuous. The length of tunnel
mught be not more than about 3 mi. but this is a
matter dependmg on the slope of the river bed and
the hetght of the pick-up wer.

Sth proposal —The report states that iz 26 mi. below
Clitrakot there is a fall of 550 ft, or 250 ft. over and
above the two projects last outled, the balance
occurrmg m 11 mi.  If the upper schemes materialized
the lower reaches—and possibly the reach from below
the fall to Karikot—could be developed by means of
a series of lifting dams of 50 ft. or so, vide paragraph
31 of thisReport above. The extra power avail-
able is 20,000 kW. at any rate, however obtained.
Tunnelling seems impracticable on these reaches.

6th proposal —The Report further states that the
Indravat: enters Bastar State at R. L. 1,800 while,
through the range to the 8, the Kolab River at
its junction with the Ganesh-bahar from Bastar is
R. L 1,500, (Map 65 J/1.) A I16-mile tunnel
however 1s a serious obstacle to developing in this
direction It is however worth examination, as the
Lie of the land may be more favourable than it appears
from the maps

(6) Mackna Ruver, tributary of Tawa and Nartada,
West of Betul (Map 55 Gf13.)—Upper site (see further
entry below). (1) Thissite 13 reached from Decgaon
village at m1. 9} on the Betul-Chicholi road. The
catchment area is 136 sg. mi. and the two consecu-
tive driest years gave 18} and 313 in of rain respec-
tively, The mean yield of dry years is taken as 1,135
m. ¢ ft dropping to 429 m. c. ft. in the worst year.
There is a small flow even m the dry months, averaging
about 13 cusecs, but dropping to under 2 cusees in June
By means of an earthen dam 2,000 m. c. ft. could
be impounded, giving an avalable storage stated to
be 1,840 m. ¢ ft. A mean flow of 32} cusecs could
be obtained, m the worst year, with the carry-over
included in these figures Jn 1920 a day's rainfill
of 64 in resulted in a flood di-charge of 25,000
cusecs ; the heaviest fall recorded in & day 5 14-61
jn. The earthen bund would be about 5EC0 ft
long and 741 ft maximum height with an average
of 27 ft it would be situate between Deogaon and
Padal Khurd villages, 8 mi S-W. from Betu]
(or Badnur). Flood waters would be surplussed by
means of a waste weir into a small nala N. of Padal
Khurd, for which the site is good. Part of the sub-
merged Iand would be agricultural and the rest
waste, but two villages with GO houses would be
included. The Betul-Ellichpur road would also Lave
to be ratsed slightly for about 3 mi. From the dam

T2
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an open channel in earth of 2:3 mi. on the left bank
would lead to a forebay at R. L. 2,000; some deep
cutting up to 45 ft. would be required through the
watershed, with two syphons and two road bridges.
The forebay site chosen would have a large regulating
capacity, carrying some 14} m. c. ft. (if so much
proves mecessary, which is doubtful). From the
forcbay a pipe line of 28 mi. would lead to a power
house on the banks of the River Tapti, near mi. 11
from Betul on the Ellichpur Road, at an elevation
of R. L. 1,515. This gives a fall of 455 ft. The
selected site is 10 ft above H. F. L. and 40 ft above
bed level. It seems probable therefore that, as
reaction turbines would be used on this head, a further
fall of 10 to 25 ft could actually be obtained by
placing the wheels lower down and using the draft
hiead. The site 1s generally favourable, and the cost
of storage is estimated at only Rs 211 per m. c. ft.
The total cost of the hydraulic development up to,
but excluding, the forebay is estimated to be only
4} lakhs or say Rs 500 per kW continuous; it
would therefore be about one-third of this amount per
kW. installed, which is cheap. The power obtain-
oble continuously will be of the order of 32-5x455/16
or nearly 1,000 kW so that on 1 load
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Ject as drawn up the met 127 sq. mi only are
considered. The yield in the above conditions would
therefore be 2,200 127 or 1,060 m. c. ft while in a
year of exceptional drought not more than 400 m. c.
ft would be obtainable. The necessary carry-over
has been allowed for in the scheme as drawn up. A
dam 2,000 ft. long and 130 ft high at the highest
point would impound some 2,000 m. c. ft. at the
point named, submerging a village and some good
land. The channel proposed on the right bank is
6 miles long, including two tunnels aggregating 4,850
ft. It would appear possible to shorten the route
greatly by means of syphons or suspension bridges
at the intervening streams. A smaller dam near tho
end of the channel would store 33 m. c¢. ft additional,
for regulation, at a moderate cost of 3} lakhs. The
project as drawn up includes a further short channel
to a forebay and a pipe line 3 mi long to a goed power
house site. There appears, however, to be a possibility
of carrying u pipe line through a short spur from the
regulating storage and thence down a shorter route
to a pomt some way lower downstream. The tail
waters would not be required for irrigation. It would
appear probable that about 1,000 m. ¢. ft could
1

factors a plant of 2,500 kW or more could be
installed at an exceptionally low cost of about Rs. 176
per kW up to the forebay or perhaps not above
Rs. 350 including the plant, which could generate
81 milllon umts per annum. Plans and estimates
are on record, and the site 13 certamnly worth detaled
survey.

(n) A second site 1» 8 mi from Chicholi, in Betul
District, ree preceding entry. The site examuned is
on map 55 I'/16 and reached by cart track 10 m
N-W  from the 44th mi  of the Betul-Itars
Road A dum »ite was selected 1 mi downstream
of village Bondri, on the left bank, from which by
means of a long chanpel a fall of 350 ft  is obtainable,
The river 1s almost perennial, and generally carries
rorne water till about the middle or end of May; on
April 1920 the flow was 3 8 cusees. The catch-
nment area above the ette is 263 oq mi mostly
unlulating land under cultivation The rainfall in
the tho dnest consecutive years was 183 and 313 in
end the eflective yield (mean of the two years) is given
es B30 m. ¢ ft por osg omi. Over the whole
catchanent this gives 2,200 m. ¢ ft. 1f the upper
sod roore favourable site on the Machna . (q. v.)
ts developed its waters would be diverted to the Tapti
ard 133 g 1 of catchment would Le lost except
for euch floods as night be eccaped into the river.
TLis must mot be overlooked and in the present pto-

be depended upon in the worst year, namely 400 yield
and 600 carned over, giving a flow of some 30 cusecs
throughout the year. This is equivalent to 700 kW.
24 hours continuous power. Rough estimates of the
cost of the hydraulic development come to about
Rs. 10 lakhs so that the cost per kW. continuous
would be about Rs, 1,400 for this development. This
on commercial load factors would be some Rs. 500
per kW. installed, “which is not unreasonable,
implying some Rs. 630 to Rs. 700 with the plant. It
is for consideration whether the site should not pre-
ferably be developed for the full catchment, to the
exclusion of site (1) preceding.

(6) Mahanadi River, tributary of Son, Jubbulpore
District. (Map 6% Af1, 8)—The site examined is
afew mi E. of Kundam village. Here the catch-
ment areais 96 sq mi. and the mean yield of the
two driest years is estimated to be 2,976 m. e¢. ft.
giving 85 cusecs, The maximum storage to be pro-
vided for is estimated at 4,700 m. c. ft."for the
maximum yield, and the dam sito proposed at R. L.
1,850 (apparently on the Tth eq. of map G1 A/2)
would carry 3,000 m. c. ft. with a length of dam of
3,000 ft and height of 50 ft. A length of open
channel of 12 pn. would, it is stated, give a fall of
1850—1450 or 100 ft. No details are given, bnt
apparently the tail waters would be discharged into
the Labhera Nala on the 6th eq. of map Gt A/T.
The power available is of the order of 83x400/15 or
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2230 kW  eontinuous 24-hour power A some-
what obscure note to the report mdicated mmgation
posabilities near the power house on Labhera Nala,
where an additiona] catchment of 19 sq nu  will
sield over 500 m ¢ ft with a fall of 200 ft The
connection 1= oot clear, and the scheme ments com-
pletion

(7} Nagdoars River, Hoshangabad District —The best
site  (hccovered on  reconnmesance was 2 m S
W of Nimghan village equare 3 of map 53 J/6  The
etream 1< a tributary of the Denwa, Tawa and Narbada,
nsng oo the N slopes of the Pachmarln Flls,
and reached from Soltagpur The catclument at the
site is 25} e mu  of forest land The average
yield determined I Mr Barlow's method 1s esttmated
at 1,680 m ¢ ft wlule m the two worst years 1t would
he 1367and 667 m ¢ ft A dam 660 ft Jong and
230 {t. Ingh m a gorpe 15 suggested, but the cost of
this would appear to be prolubatne The capaaity
would be 1,367 m ¢ ft of wlicht is reckoned that
1,017 m ¢ ft would be available mn each of the two
driest consecutine vears This gives a continuous
discharge of rome 29 cusecs  The river 1s perenmal,
and carned 26} cusecs before the monsoon, or the
3rd June 1920, further gauging 1s however necessary
hefore this figure can be accepted as a mummum
The tatal continuous discharge 15 for the time being
talzen as 56 cusecs, but at 1s doubtful if 1t would be
so much A tuunel of 7,200 ft followed by an open
channel of 2,700 ft (or, more probably, a pipe) would
lead to a forchbay on the R bank, N of the site,
where 2 pipe line 7,500 ft long would give a fall of
730 ft 1nto the nala I m1 N of Kokra willage at
R L 1270 Thedamsite1s at R L. 1,830 with a full
supply level of R L. 2102 as proposed. The power
capable of development would be of the order of
56x730/15 or say 2,700 kW continuous and the
Lydranhic development is estimated roughly to cost
42 lakhs  For the present therefore the project would
be very expensive even if fully developed. It is pro-
bable, if gaugings show that tlere is always a farr
minimum flow, that the scheme would work out cheaper
per kW with a farless costly dam, carrying cnough
water to supplement the flow during the dry months
to 30 or 35 cusecs.

(3) Nakara Ruver, Baiker Taksil, Balaghat District—
Thus is mentioned in the Preliminary Report, page 86,
as worth reconnaissance; anrd the reconnaissance
shows 1t to be worth survey. The site is on map G4
Bf4 and 8, and v detail on the 4 in Forest map 112
S8-E, 1. The river is not perennial and would
be developed on storage. The catchment is 111 g,
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mt steep and hilly, with monsoon rainfall of 34} .
and 40} 1 in the two driest consecutive years,
at Bather, which is outside but near the catchment.
The probable mean annual run-off is 6,300 m. c. f&.
while 1n the driest year it is taken, by Barlow’s method,
to be 1,796 m. ¢ ft. It 15 proposed to build a
masonry dam near Sale village, 800 {t. long and 126
ft ligh at maximum. This would store some 4,000
m ¢ ft. Thence an open channel of 5} mu on the
L bank would lead to a forebay above the junc-
tion of tho Uskal and Nahara mnvers. A pipe
line of 6,000 ft would then give a fall of 660 ft.
to a power house below Tikaria village. Taking the
dependable continnous discharge as 90 cusecs (with
the carry-over . provided) the available power is
90%660/15 or say 4,000 kW, continuously. The
hydraulic development is estimated roughly to cost
30} lakhs, or say Rs 800 per kW. continuous,
which gives a very reasonable outlay on commercial
load factors. It 13 concervable that the Uskal R.
mght be combmned with this.

(9) Narbada Rwer, Mandla District.—This project
proposes to bndge across the loop 1n the river of which
Mandla town 1s near the centre; from 30 to 45 m1
of bend could be short-circmted by a channel some
12 mi long (more or less) with some tunrelling or
deep cutting. The river is perennal, but the drscharge
dropped to 28 cusecs at the site in May 1920  Storage
would therefore be necessary to supplement the hot
weather flow, The catchment 1s 3,380 eg mn
at the proposed headworks, Situated near Mohama,
14 m1 N-E of Mapdla (map 6f B/6, 10) Ths
is below the junction with the combined Burhner
and Halon Rivers, which are accountable for some
two-thirds of the total dicharge If these rnvers
were regulated as proposed, and pos«ibly the mamn
niver also, thero would be no difficulty at the prck-up
weir i the combined niver at Mohama.

The proposals sent m deal with three reservorr
sites on these tributary rivers and one on the niver
itself, with a total capacity of 35500 m ¢ ft but
the sites have not been fully mnvestigated. They are :—

Ist on the Burhner River (Barmer on old maps) map
61 B/14, near Parsa and Dintri villages, where the
catchment 1s 616 sq mt with a probuble yield
of some 17,000 m. c. ft.

2nd on the Halon River, map 64 B/15, between Phonk
and Bija near Chapartola village, where the catchment
is 330 sq mi and the probable yield 7,700 m. ¢ ft.

3rd on the Narbads itsell near Dincer, map 64
F/l, where the catchment is 8:2 sq mi and the
probable yield 11,000 m. c. ft



132

an open channel in earth of 23 mi on the left banl
would lead to a forebay at R. L. 2000; some deep
cutting up to 45 ft would be required throuch the
watershed, with two syplions and two rand bindees
The forchay ste chosen wonld have n Iarge regulating
capacity, earrying rome 111 m ¢ ft (if «o much
proves necessary, which 1s doubtinl)  From the
forebay a pipe line of 21 m1 would lead to a power
house on the banks of the River Tapti, near mi 11
from Betul on the Ellichpur Road, at an elevation
of R L. 1,515, Ths gives a fall of 155 ft  The
selected site is 10 ft above H T L and 10 {t above
bed level. It scems probable thercfore that, as
reaction turbines would be used on this head, n further
fall of 10 to 25 {t could actually be obtained by
placing the wheels lower down and using the draft
head The site is generally favourable, and the cost
of storage is estimated at only Ra 211 perm ¢ ft
The total cost of the hydraulic development up to,
but excluding, the forebav 13 cstimated to he only
4} lakhs or say Re. 600 per kW contmuous, 1t
would therefore be about one-third of this amoeunt per
kW, mstalled, which is cheap. The power obtan-
able continuously will be of the arder of 325> 15515
or mnearly 1,000 kW so that on commercal load
factors o plant of 2,500 LW or more could be
installed at an exceptionally low cost of about Rs 175
per KW up to the forebay or perhaps not above
Rs. 350 including the plant, wiich could generate
8% million umts per annum Plans and estinates
are on record, and the site 13 certanly worth detaided
survey.
(i) A sccond site 15 8 mi from Chicholi, in Betul
District, see preceding entry. The site examined 18
on map 55 F/16 and 1eached by cart track 10 m:
N-W. from the 44th mi of the Betul-Itarsi
Road. A dam site was selected 1 mi downstream
of village Bondri, on the left bank, from which by
means of a long channel a fall of 850 it is obtainable.
The river is almost perennial, and generally carries
some water till about the middle or end of May ; on
80th April 1920 the flow was 3-8 cusecs. The catch-
ment area above the mte is 263 sq. mi. mostly
undulating land under cultivation The rainfall in
the two driest consecutive years was 18} and 313 in
end the effective yield (mean of the two years) is given
2s 830 m. ¢ It per sq. mi. Over the thole
catchment this gives 2,200 m, c. ft. If the upper
&nd more favourable site on the Machna R. (g. v.)
is developed 1ts waters would be diverted to the Tapti
and 136 sq mi of catchment would be lost except
ior. such floods as might be escaped into the river.
This must not be overlooked and in the present pro-
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ject ne dravn up the net 127 g ome enly aee
conadrred  The vield in the abose conditions would
therefore o 2000~ 127 or 1070 m e It while 1 a
year of exeeptional drousht not ere than 0 m e
ft wonld be obtiinable  The curey over
has hean allowed for in the echeme as deaswn np A
dam 2000 1t lonz and 130 {t hich at the hashest
pomnt mponnd come 2000 m, ¢t oat the
point named, submerging 0 villiee and rome good
Iand  The channel proposed on the right bnk is
6 mles long aneluding two tunnels ageregating 1850
ft. It would appear posuble to rhorten the routo
greatly by means of syphona or suepension bridges
at the intervennye rtreams A smaller dam near tho
end of the channel would stote 83 m. e, ¢ additional,
for regulation, at n moderate cost of 3% lakhs, Tho
project s drawn up includes a furthee short channel
to a forehay and a pipe hne ] mr long to a good power
house wite  There appears, howaver, to be a posaibility
of carrymg & pipo hine through a short «pur from the
regulating storage and thenes down a shorter route
to a pomnt some way lower downstream, The tad
waters would not be required for werigation, It would
appear  probable that ahout 1,000 m. ¢ {t could
be depended upon i the worst year, namely 100 yield
und 600 carried over, giving o flow of some 30 cusecs
throughout the year. This 18 equivalent to 700 kW.
21 hours continuons power. Rough estimates of the
cost of the hydraubic development come to about
Rs 10 lakhs so that the cost per kW continnous
would be about Rs. 1,100 for this development, This
on commercial load factors would be some Rs. 500
per kW. installed, “which is not unrea-onable,

implying some Rs. 650 to Rs, 700 with the plant. It

18 for consideration whether the site should not pre-

ferably be developed for the full catchment, to the

exclusion of site (i) preceding.

(6) Makanadi Rucer, tributary of Son, Jubbulpore
District. (Map 6f A/7, 8)~—The site examined 33
afew mi E of Kundam willage. Here the catch-
ment arca_is 96 sq. m and the mean yield of the
two dricst years is estimated to bo 2,976 m. c. ft.
giving 85 cusecs. The maximum storage to be pro-
vided for is estimated at $,700 m. c. ft."for the
maximum yield, and the dam site proposed at R. L.
1,850 (apparently on the 7th sq. of map G4 Aj2)
would carry 3,900 m. c. ft with a length of dam of
3,000 ft and height of 50 ft. A length of open
channel of 12 1 would, it is stated, give a fall of
1850—1450 or 100 ft. No details are given, bub
apparcntly the tml waters would be discharged into
the Labhera Nala on the 6th sq. of map 64 A/T.
The power available is of the order of 85x400/15 or

nece ary

would
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30,000 kW conld be installed
The distance is about 120

Toad factors some
if there were need of 1t
m onlv to Nagpur

This 12 one of the most promising sites yet reported
on, and 1t certminlv mernits detatled and early mvestr-
gatton  The sovestization however should extend
over a larger area, sn as to embrace the second great
Inop 1t mav be possible to find such an alignment
for a channel with a tunnel through the ndge, that
the waters released from the single storage could be
w-ed a second time  Or agam the fall proposed above
ends far above and manv miles from the mam mnver,
in a substidiary nala posaibly a reaconably short fall
can be found to ntilize the whole head with a longer
open channel  If <o the poner would be greatly
An extra 100 ft  would mean a further
4000 KW continwous, and would justify a large
additional  expenditure  Furthermore, 1if regulation
at one site were effected, 1t might be possible to use
the regulated flon at a sertes of Lfting dams further
downstream 1n the manner indicated above for the
Irdravati R —vide para 31 also

(12) Purna Raver, Awmraots and Betul Districts, wn
conguneton wath Moga River, Llichpur —Separately
these streams live heen relegated to the list of ** useless
sttes,” but the mvestigating officer suggests the possi-
bilty of combimng them usefully. Three sites are
suggested, of which the third would use the tail waters
of the first  (Map 55 G/11.)

(1) A dam on the Purna a mile 8 of Junapani
and } mi upstream of the Ellichpur-Betal road
bridge, with an open channel on the 2,000 ft contour
up to near station R L. 251G, where a short tunnel
would be required and a drop to R, L. 1,650 or say
430 ft net would be available to near Pipalna. The
length of channel would be over 8 mi of difficult
ground. In conjunction with this, the N tributary
of the Moga N could be dammed at Kothal Kund
so as to flow into the channel } mi S-5 of
the village, at mile 18 on the road. The catchment
areas are 100 and 20 or 120 sq. mi together and
the yield 18 estimated at 1,30 and 430 or 1,770 m ¢
# in all, wiich could apparently be stored at the
sites chosen Taking this as 55 cusecs the power
available would be about 1,500 kW, continuously.

(i) To dam the Moga main nala at Kundi and run
a channel along at R. L. 1,750, dropping at the june-
tion with the N tributary where there would be
a fall of about 150 ft. The yield from the 40 sq
mi of catchment 1sestimated 2t 1,100 m c. ft but
this appears to be excessive as it is basedon 29-7 in
of actual run-off By itself tlis scheme is useless,
bus the idea is to utilize the regulated flow again in the

nereased
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third scheme. It would be better to collect the water
there and omit consideration of this site, if it can be
done.

(i) To dam the Moga at Sipals, where the tail
waters of both Purna and Moga as well as the yield
from the extra catchment would be impounded. A
constant discharge of 102 cusecs is estimated as possible.
From the reservoir a channel on R L. 1,500 would
enable a drop to R. L 1,395 to be obtained or say 100
ft giving another 680 kI continuous.

None of the three projects appears partieularly
promising as the power is small and the cost of the
works would be large. In the case of No. (i), which
alone has a farr fall, 1t would probably be worth while
to contmue the channel along the 2,000 ft contour
on the § side of the tunnel, or, alternatively, to
avoid the tunnel and continue on the N. side of
the ridge, up to a pomt which would then be either
1m or2 m due W of Pipalna Khurd, where
a fall of nearly 550 ft would be obtainable to the
stream at Khumai R L 1,450, The extra 3 or 4 mi.
of condmt would probably be balanced by a shorter
pipe line, with greater head and power. Even the
1,500 kW. continwous assumed implies, on com-
mercial load factors, a plant of 3,500 to 4,000 kW,
A further possibiity would be to dam the two streams

“as 1 (i) and to divert the waters of the Purna into the

reservoir on the tributary of the Mogs near Kothal-
khund on the 2,000 ft contour. It is not certain
from the 1 in. map that this 1s practicable, but it
should be examined. If the levels work out, a much
shorter channel could then be carried along on the
R bank of the tnbutary to a peint below the station
R L. 2,270 whence a fall of some 400 ft (more or less)
would be obtainable to the neighbourhood of Dhaba
Dhana The project merits further examination of
the yield of the catchments, the storage capacity
obtainable by the dams, the best channel route, and
the falls with length “of pipe line.

(13) Silgi, Kasaka and Sankul Nadi, Jubbulpore
Districs, (Map 61 A-11, 12) —This is a combined
scheme embracing 3 small tributaries of the Mahanadi
which flows into the Son; they rise in the hills near
Shahpura, The catchment areas are 1384-56+24=218
sq mi and the maximem and mean aggregate
yields are calculated to be 10,680 and 6,760 m. c. ft.
giving a dependable discharge of 193 cusces. Storage
sites are available on all three streams and are capable
of holding 8,610, 8,070 and 3,060 m. c. ft. respectively
which is much in excess of the yields. A connecting
cut 2 mi long would run from the Silgi to the Kacaba
and one of 2,000 ft. from the Kasaha to the Sanknl
From the Sankul a 53-mi channel would lead to the
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forchay, where a pipe line 21 mi long would give
a fall from 2,000 to 1,150 ft or 050 ft. .\ pipe hne
of thia length is a serioue drawhack unlees the main
drap can be concentrated in n comparatively small
length, with a surge tower at the top of that length
Probably survey will show better results by s shorter
pipe line with a small Ins of head. Tt is unfortunate
that the Sankul storage 1 the <mallect of the thrre,
viz, 3,060 m c. ft  The contimuous 24-hionr poner
available may prove of the order of 183 350 1% or

over 7.000 KWV and the <cheme mente  detailed
esamination
(14) Sutareva (or Clatarcva) Rier Naremglyur

IDhstriet.—This is a tnhutary of the Nathbada, on map
55 J/11, and the resemorr site hies <nme & i 8
of Mohpam ¢én squares b and 6  The stream dnies
up in March, so would have to he developed on etorage
The catchment 1= 99 g m1 mostly  forest  The
annual monsoon ranfall at Tamna ard Mohpans respec-
tively 18 mean 60 and 48 pummum 32 and 273 with
smgle falls of 13 m  recorded at toth stations
Calculated by Mr Barlow’s methed (para 23 supra)
the probable run-off m an average year 1< 2,120 m ¢
ft and the mmmum gbout 00 to 10¢0 m ¢ ft.
An effective storage of 2,720 m ¢ ft would  require
a dam 650 it long and 167 {t ligh at about B L
2,083 in the bed. It is proposed to have the take-off
of the channel 2 mi § of the dam site, but the
plan does not show the matter clearly Two mules
of open channel, on farly casy ground, lead to the
forebay A pipe line of 3,200 it gues a fall of 715
ft nto a small nala to the west, on square 2 of the
map, which does not rejom the nver, With a discharge
of 78 cusecs the power will be of the order of 3,700
kW. continuous The cost of the lydrauhe deve-
lopment is roughly given as 16 lakhs, which would
give a reasonably clicap echeme. It 1s noted that as
the tail waters do not return to the stream future
irrigation might be affected. The loss of this stream
however would be the gam of 1ts neighbour, the Dudhi,
commanding a smmlar arca 8 of the Narbada
and E of the Dudhi. By means of a 15 mi, channel
(m place of 2 m1.) a fall of 950 ft could be obtained
into the Sitarewa, and the extra power would probably
be worth the extra cost, if the ground is not too difficult
to negotiate  The cost of the hydraulic development
is estimated to be rome Rs. 430 per NW. continuous,
which would be an exceptionally low cost per LW.
installed on commercial load factors.

(15) Son-bladra Nadi, tributary of the Denva and
Taua; Hoshangabad — District,—This site is 2 mi,
S. T of Dhain village on the 7th sq. of 1 in
map 55 J/3 and 25 mi, E of Taku vailway station
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The stream riens partle in the W, dupre of the
Pachmarhi Tills. The stream e not pereemal ard
pover would deperd on <tatige The catcdment
area at the site 10 187 e mt mostly foreet, The
nearest ramgange statien s Pachmarhy, which i+ out-
side the catchment ardan a emall 7ane of by sh interaty
while the averser rinfall 1o 70 hore 0t 4 only
0 om a weet and an the catchment,
according ta the contoured mainfdt pop of Indu. It
12 uncertmin f this factor has been tahin ainte account
m ealoulating the run off by Mr Barlow’s methed
{para 13 swpra) The re-alts given are 12,400
m ¢ ft anoan avernge vear and 18O o, ftom
A mmimnm year, peesilv thece Geuns shonld Le
redueed n the tatio of 7 to 6, but, on the otler hand,
Mr Darlew’s method appears to have been found to
gnve results too Town an the Central Provinees, The
total moncoon rmnfallin the two doest 3 cars, accordirg

frv mile

to the report, was 69 and 57 of which 23 ard
11} 1« calculaterd to be asvailable  The mam dam site
w1 me 8 L of Dhain and the dem would

be #50 £t deng and 114 0t ugh  There wounld al<o
be subsidiary flank dams, and flocd waters could te
eafely dicharged  The recersorr (apanty sonld be
10000 m o ft with effictive storage of 7,450 m. e
ft but could upparently be made largur of the avernge
yield justifies this  The submerged land is moctly
forest, with two small vil'ages. The take-off would
be from one of the submidiary dams, m still water,
as the stream 15 heavily charged wath «ilt in the rains,
An open channel of 31 mu. over casy ground leads
to a forebay 6 m W. of Dhain where a pipe line
3,900 ft. long would give & fall of 180 ft. into the
Nonpani Nady, which eventually reaches the Tawa.
There are no irrigation pghts existing or pre<pective,
A further teserveir site exists 10 my upstream,
which could not by itself be uscfully employed for
power; but as the rainfall in geed years 1s high 1t
is poeeible tlat this sterage might be worth developing
for additional carry-over to equalize bad years. Tt
vould stop most of the silt and enable perfect regula-
tion to be cffected, by Ietting the waters down the
bed of the stream as requred The power would be
of the order of 213X180/15 or 2550 kW con-
tinous 24-hour power, and the hydraulic development
is roughly estimated to cost about 17 lakhs. This
is rome Rs, 670 per kW. continuovs, so that on
commercial load factors the project would be very
reasonable in cost.

(16) Tapts Rirer, abore Burkanpur —In thé list of
“uscless stes” in the Central Provinces the Tapti
is written off on the lines of investigation pursued
locally (see para. 130). Nevertheless it is possible



Para, 103.]

that the niver can provide larger power on other hines,
namely by means of a single large upper storage

and hiting dams—de para 31 above At site b
of thoce mentioned 1n the * useless ™ categorv the
constant diccharge under the worst conditions

is prven ac about 450 cusees  The elevation of the
bed 1= about R L 1030, but all further data are wanting
Let 1t be accumed that mn this neighbourhood a mam
storage, large enough to mmpound the average vield
of the catchment eould be conctructed  without
detriment and that the dras-off level v 50 ft  above
the regulated flood level of the bed  Let the mean
hetght between full suppls level and nunimuni dras-off
be another 50 ft  Then the discharge of {30 cucecs
under 4 mean head of 100 {t will give 3000 KW
continunnshv  Dren allowing for the fact that this,
on commercial load factors would enable a plant of
6,000 to 10000 KV to be put up it mught not be
commereially practicable

The case would however be matenally altered if this
regulated flow were used at a series of lifting dams
below, sav m 50-foot steps (see para 31 supra)
In the nest 100 mi or =0 to the junction with the
liver-Purna there 15 ¢ fall to about R L 630, or a
further 400 ft  Eight hftung dams of 50 ft each
would cover this and pgive a further 12,000 kW
contipuous power without taking inte account the
larger additional catchment area. which 2 second
wawmn storage mught impound It 13 desirable that
the Tapt1 should be further mvestigated along these
Iines, as 1t appears probable that 15,000 to 20,000
kW continuous could be developed from 1t.

(17) Canal falls—The Clief Engmeer, Irngation
Branch, considers that there 1s good scope for utiizing
the canal falls for pumping to uncommanded areas,
especially from the Mahanad: canal, where large areas
of well drained bhata soils lie out of command., This
s0il is particularly suitable for growing long-stapled
cotton, as recommended by the Cotton Committee.
The canal falls are not likely to be of any use for general
purposes as they only run a comparatively small
number of days in the year. Most of the irrigation
is done during the Kharif; rabi mrigation is purely
subsidiary. There are 62 canal falls, running from
90 to 120 days.

103. Coorg; known sites.—Several sites have been
mentioned in Coorg, 1z, (i) the Abbi catchment basin
scheme, map 48 Pf11, (u) the Saratabbi waterfall,
map 48 P/16, also on the Barepole River, and (i)
the Jenparai fall (or Janepar)) map 48 P/16, on the
same river. The Executive Engineer, Coorg, drewupa
scheme for using the Abbi fall, but the prospects were
not sufficient to warrant furtlher action. The catch-
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ment areas of the Abbi and Saratabbi falls are too
small to be of service, as the possibilities of storage
are also small. The Janepari fall however is worth
mvestigatton  The contours are so close on the 1
in map that a photographie enlargement was prepared.
From this 1t would appear that by means of an open
channel m the rock a fall of 1,000 to 1,250 ft can be
obtamed mstead of the 150 ft. of the fall iteelf. The
channe? would be 5 or 6 mu long (according to the
tunnellmg effected through spurs), if a 9-m:. channel
were built the total fall would be 1,500 to 1,700 ft
An impounding dam could be built at about R, L
2450 or 2500 near Kadike Motty, but the capacty
has not been determmed. There seems very little
doubt that some 15 cusecs could be assured, giving
some 1,500 kW of continuous power; but exami-
nation by an engneer versed in the work is necessary.
1€4. Jammu and Kashmir State ; known  sites.—
(1) Chenab Ruwer, Riwazi—Although not in British
Indra this project would probably find its outlet for
the sale of power in the Punjab, and it is therefore
dealt with A good deal of investigation has, it is be-
Lieved, already Leen dome. Reference to the l-m map
43 K/16 shows a great bend in the Chena a few miles
N of Rzt  Although far smaller thanb the Sutlej
loop 1t 18 10} mu round and only 1} mi. across
the short eircwt It has been proposed to dam the
niver at the headworks, but it is doubtful if more than
a diversion dam would be justified; if, however, an extra
50 or 100 ft of head could be obtained in this way
1t would be so much gained, and it might even be
possible to get enough storage in this way to increase
the mmmum flow. The R. L. at the headworks
site is about 1,474 ft. and at the tunnel exit about
1,316, giving a gross drop of 158 ft. without any lifting
dam, The tunnel would be about 8,600 ft. long or
of course less if the height of it were raised by a dam.
The cost of the dam might be balanced by the reduction
in the cost of the tunne lplus the additional power.
The normal flow does not fall below 6,000 cusecs, but
4,341 cusecs is the minimum recorded at Marala head-

works. If it 15 assumed that the head af l.he dner-
sion would about compensate for losses

power available, without any definite ™" N nll be
about 2,900X150/15 or 29,000 LW, °

There is a smaller loop, within the gresk * .

fall of 35 ft. whick could be used fug '

purposes ; the river has already nestly ing Shiwwih

the very narrow intervening neck hege,, The w

flood in the Jast 20 years at Marala mww,

but a flood of 713,000 cusecs occ!
{2) Jhelum River, near Mu:

preceding entry (Chenab) t
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actually in Kashmir territory, is unlikely to be deve-
loped for Kashmir needs; thoexisting sita at Mohora,
further upstream, with s hydraulic development laid
out hy Col. Lotbiniere for 20,000 h p. has eo far only
been utilized to about one-tenth of its capacity, Mr,
H. W. Nickolson, B.Se, AMIOQEL, FErecutive
Engincer, after completing the preparation of the
Bhakra dam project, was placed on special duty with
the Hydro-Electric Survey ; but before he had taken
up his dutles he was recalled to work on tha
Sutlej Valley irrigation project Tater on, before
proceeding on leave, he handed over to the Survey
a note on the poxsibilities of the Jhelum river at the
hair-pin bend at the brndge near Murafiarabad, on
l-in. maps 43 F/7, 8, 11, 12 This description 11
based on Mr Nicholson’s note, the comments being
added.

The slope of the river 1s about 30 ft a mile, and
the project is based on tunnelling through the ndgoe
50 as to short-circnit a constderable length of the bend
There is no one outstanding ahignment for the tuanel,
as in the case of the Sutlej, Chenab and Jumna loops,
and Mr. Nicholson examined no less than seven alter-
natives on the contoured maps The following table
shows the sites and data of these tunnels ; lengths are
taken from the maps, the fall is taken at 30 ft a mile
and the drop in the tunnel is taken at a slope of 1 1n
2,000. The slope requires to be checked by levelling.

\ .
TaBLe 46.—Alernative tunnel sites on Jhelum,

| D18TANCR FROM BRIDOE MILES Nett fall

Toam | Logph ry. | exiebe

Upstream | DOFO< | Tomay logses,
i —_—

v AA 5,000 12 36 LX) 144 11
54 11,300 35 a0 06| 235 279
oo 19,900 89 80| 165 1635 53
PD 32,000 120 18] 238 I 7
= 51,000 158 105 833] 1,089 1033
FF i 57,700 167 28| ss0| L1 1
T'EF, 53,500 107 23] %ol Luo 1110

The letters refer to a deposited map, but the reduced
distances enable the points to be measured off. Clearly
the shorter tunnels A-A and B-B would permanently
put & very fine site out of action, by limiting the fall
to a fraction of that available. The tunnels C-C and
D-D would give practically the same power per foot of
tunnel—and tho cost of the tunnel would evidently
be the predominant factor. The tunnel E-E s dis-
tinetly less favourable in this respect, besides being
of unwieldy length for two worlking faces only, and the
same temark applies to tunpel F-F. The last alter-
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nitive, F-L-F invelves two tunnels in series, of 6.3
and 53 m. in length respeetively, and consequently
givea four working ficea; furthermore the tunnels
cin he brousht out in the Xy Nala on the level,
ensbling a balancing resereoie to ha constructed,

On tha whela the tunasl M), with a working head
of abont 750 [t iz clearly the most fivourible one
to consider, until anevey eettles the matter, The
formation of the hills indicated that there shonld be
little trouble in deiving the tunpel, which would be
a grwaty_and not a peeauroe tunnel  The pipa line
will be of revsonable length  Tho headworks wonld
be near Garhy, on the Mucree-Kashinic ro o, the intake
dam being entirely in Knshmir territory, The tunnel
through the spur would alte be in Kushmir tergitory,
entirely under n lofty ndge. The powoer station would
be over the river a little above Kohala, on the Murree-
Kashmir road, whera the river itsell is tho boundary
betwesn British and Kashmur territory. .\ very small
exchango of land would remove any difficulties on this
weore, 1f 1t wero dewired by both parties to construct
the works. The cxisting roads serve all the sites,
while transmission lines would be entirely in British
Todia.

The minimum discharge of the Jhelum at Mangla,
for the last 20 years 13 about 2,911 cusecs ; the maximum
during that period is 361,000 cusees, but a flood dis-
charge of 500,000 cusecs occurred 1n 1893, A project
for a barrage 1 the Woolar Lake beyond Baramula
was prepared by Mr. Purves, late Chief Engineer,
Punjab Irrigation, to impound 167,000 cusec-days;
this is still under investigation. If carried out it would
give an extra 1,000 to 2,000 cusecs according to the
period when the water would be used for irrigation;
the natural flow from the time of the melting of the
snows is of course very great. Thero are other storage
possibilities also in the lakes of the main river and in
its tributaries, so that the short period of minimum
could undoubtedly be made to increaso its yield. The
minimum power available is practically 3,000X750/15
=150,000 kW, continuous. This project, inter~
linked with that of the Sntlej River, and, in turn, with
the Jumna, would provide power for the whole of the
area bordering on the Himalayas for some time to come.
Construction power is available from Mohora, near
by. It is also recorded by Mr. Nicholson that the
site is situated in the Sirmur serics and Nummultio
geological beds, which are particularly suitable for
various electro-chemical industries as well as for ports
land cement. The site is without question one of the
finest in the whols of (geograpkical) India,

105. Madras; known sites.—The following pages
give abstracts of the reconnaissance reports on o number
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of sites in Madras which appear well worth further
detaled examnation and survey Some of them will
certamly prove worth developing if there is a market
for the power

The mrestigations were begun by Mr R. T. Sneyd,
M.C, srd contmnued after that officer’s retirement by
Mr James Tate, Lxecutive Engineer, Officer m charge
of the Survey wmn Madras,

A good many of the sites require storage for therr
{full development but ramfall conditions are more
favoursble m Madras Presidency than in most parts of
India and most nvers are perenmial. Most of the
projects have moderately lugh heads, one hes 5,000
ft.

Bites already mtectipated to an extent which makes
an estimate of the mimmum power reliable are m &
separate list above, eites not examuned at all are also
separate

The table below 1s a summary of the sites detailed
below and the continnous power which they appear,
on present information, likely to afford :
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(1) Chagattakall Sanabba and Chagattakall Doddabba
Rivers—These two rivers near the Madras-Mysore
boundary unite as the Sankada Gundi River at the
foot of the Western Ghats. The former has a catch-
ment area of 3 &q. mi. and a natural fall of 500 ft, ; the
latter a catchment of 64 sq. my. and a natural fall of
800 ft. The locality is close to Bhatkal harhour,
and 20 mi. distant from the Haladi River, Kunchikal
Abi scheme (q. v.). A project has been worked out
by Mr. H. D. Rice, who considers that 1,000 and 1,400
ft. head could be developed, and that 4,700 m. c. ft.
could be annually obtained and stored. Ifso a tonstant
discharge of 140 cusecs on 1,400 ft, head gives 13,000
kW, of continuous power. It is not clear whether
the fall is in British or Mysorean territory; in most
cases hereabout the boundary divides the catchment
and the fall.

(2) Coonvor and Karters River—These are referred
to in the Preliminary Report, p. 89, a project having
been drawn up by the present writer in 1905 for utilizing
these streams for the electrification of the Nilgiri Rail-

TABLE 47,—MMadras ; summary of known sites.

Beral Ruver or site. Nature of eupply.

1 Chagattakall Sanabbs .
«  Doddabla
2  ComoorandKatenR. .

}Flow sndStorage

Do, .

3  EoabR.,Tetbguma . . | (SeoBagraFalls) . .

\
4  Machkand R,, Duduma falls ,

‘ aitto, .

Flow apd Storage . -
.
Ditto Regulated flow from {1) .

5  NagavallR, ., . . |Fow, ., . .

6 |Palm Hills; Piojkave pro- | Storage . . .
Ject.

© 7 | PalniFilla; Porandalir Rever | Do, . . .

8 | Palu Hills; Kombar River| Do, . . .

or Manjspatiar,
Do. P
Do. P

9 | Vemar River . . .

Varani River Kunchikal Fall.

Constant .
Continuous
Bite ow Head
pumber. | assumed (tt). power Rewsmxs.
(caseos). (EWe).
. 10 1,400 13,000 | Mr. Rice’s pro-
ject.
20 1,500 2,300
() 260 210 4,000 | Dependant en
development at
Bagra, q. v.
8] 290 580 11,000
(u) ote 290 . 10,000 | Dependsnt on
regulation  at
(); series of
Liting dsms,
. 190 80 1,000
. . B 8,400
" 1 1500 1,500
. 15 1,500 1,500
m 14 500 450
40 1,400 3550 | Probally more.
" e . 53,900 . econtinmocs.

v
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way. The scheme was abandoned at the time, but
has lately been re-esamined in view of the further
power requirements of the Government Cordite Factory
at Aruvankadu. This factory at present onrains its
power from the upper reaches of the Karteri River—
see para 631 Various alternative developments of
the same site have been considered in some detail.
0 a3 to make compatison possible ; two of these schemes
were not originally the work of the Survev, it thes
were revised by Mr. Tate, who alwo added the thud
In all cases the intake and water supply are the same,
50 thatif development praceeds 1t 13 n matter af which
of the three methods gives the best results  All thren
projects involve tapping the combined streams near
Runnymede station, Nilgin Railway (map 58\/15)
and thence constructing an open channel to a pomt
where there is a considerable drop. The {ollowing
are the broad outlmes —

TABLE 48 —Alternaiv cs on Coonoor and Karteri Rurers

fomoft d limett fom, lim et som
Matn storage exinting re-ertotz existing
enlargel | resersoir mmmr
1 1 | i)
Mimmam  dicharge i‘ 122 usecs 122 oeer | 122 ruenrn
16 2comers "locusees . ‘ 13 cuens

Mz am constaot tow
With storage

Chanael 8utfr for 21 1387411 Abut 12,000 1,
| “ensees (mauth-
i uth ‘
Forebay capacity \ S00e il Notstatel Not statel
Tipe hne, lenzth LX TR arott About 5,000 1t
Working head 1005t ‘ 2,100 1t 1ot
Plant assume], total 185K 3031 kW 2,25) KW
(]"un)(\\' LS (15018,
working) arking) warking )
Trapsmission Tns to | 33 o gm O m
Cordite Fastory
Fotal e-timated eost 14} lakbis 23 1ikhs 109 Lakhs
cost per W of vork- | Rs 1,100 Bs 1,150 . Bs 1,080
Eatluste] cost pes wn 11| 003 anms 055z0ma o | 053anua

0 der workluz e

It appears clear that the third project will be the
cheapest. The minimum gauging of 12:17 cusecs was
found in connection with the railway project referred
to, in 1903, after the driest year known; the rainfall
in this year was 41:03 in, against an average of some
60in aver a catchment of aboyt 65 sq. mt. The average
flow for such a year may be taken as 23 cusecs, and
the storage required to carry over the dry season of
one year and to get 23 cusecs from the run-off of the
worst year, with 5 dry months, is reckoned at 130
m. ¢ ft In the course of the railway investigation
sites suitable for the storage then required were found
on both rivers; but theit full capacity was not deter-
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mined. There iz however little doubt that ot least
20 cuzees constant discharga eould be obtained  On
the 1,000 ft. head thic would give 2,300 KW, conti-
nunns 2k ke, power,

The hevlwarke aite at Runnymeds fa ot ahous $,800
ft and No Il project ahove carrire the flume to not
far oft Lamb's rock Tt would ba practicable, with
some tunnelling and a forebyy n the rock, to reach
a point bavond thie eliff, above the station where R L.
1171 1s recordwd on the 1in map  From hete thers
15 n clesr fall down to B L 1,000 or (allowing for the
channel) not lesa than 3,000 £t , i o hotizental distance
of about 1§ me.and directly beneath Kallir station.
It might be necessars to lay the pipes in a tunnel, as
has often been done claowhern; but the additional
000 ft of head aver propeet U gives 10 per cent. moro
power and mery prove the cheapest project in the end.

(3) Knlab River at Tetliguma, Vizagapatim District—
This site 18 where the rivee falls from the 2,000 ft.
Jevpare plateau to the Malkangiri level, on map 65
J 9,13 m Lat 182 {4, Long, 827 12 It has a usable
fall of only 210 ft according to M. Sneyd’s notes,
and storagr 14 probably out of the question ; if however
the Bagra wito were developed above the mmimun
flow at Tethgums would be matertally increased. It
13 theiefore, a reserve wite for the future and with the
regulated flow from Bagra would give some 1,000 kW,
continuously. (See also the Bagra Falls on this river
para 88)

(4) Mackhand Ruver, Koraput Agency, Visagapatam®
District —Some  mformration regarding the 510 ft.
Duduma falls on this river, about 80 mu. from Vizaga-
patam, was given in the Preliminary Repott, p. 90
and Addendum to “ List of Sites,” and 1n the Second
Report, p. 74 The Koraput plateau is at a general
clevation of some 3,000 ft and 1t is dramed by the
Machkand and the Kolab Rivers which later unite
atMotu as the Silern River, tributary of the Godavery.
Below the plateau, at about 2,000 ft, is the Jeypore
plateau, drained by the Kolab and Indeavati Rivers
(q- v.) Some 30,000 continuous H. P. at least is
available between 3 sites on these rivers, and far more
eventually., Attention has been mainly concentrated
on the Bagra Falls on the Kolab (q. v para. 88),
so not much additional mformation is available as to”
the Duduma falls The site is on map 65 J/6 and 13
reached by many stages from Salur, B. N. R. The
catchment area above the falls 1s 904 sq. mi. and
the average annual rainfall at 4 stations in the locality
is as follows :—

Jegpore 751 of which 64 falls from June to September
Koraput 59 4, » » 4% n 4 5 0 ”

Padna 34, 5 » 37
Pottang! 63 » » 5

wor o om ow -
By e owow »
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The fluctuations m 22 vears are for Jevpore, 46 to
105 in and Koraput 40 to 8 m The lowest
concervable run-off 1s manv tumes the highest possible
ctorage <o the point 1= a munor one except as regards
eurplnssing which 15 well provided for  There are
two alternative dam «ites one examined bv Mr Sneyd
1€ 13 mu above the falls and another further upstream
21 m1 above the falls giving 40 ft of extra head a9
well as cheaper storage was found by Mr Tate Both
have solid granite foundations  The latter site has not
been surveved but the former will serve present pur-
poses  the eurface area of its lake would be 83 m =q ft.
and taking 30 ft effective on a 100 {t dam the capacity
would be 3300 m ¢ ft  This would give 190 cusecs
for the 6 drv months  The lowest recorded gauging
was ahout 1K cusees 1 Mav of an evceptionally dry
<eason following a poor mon<oon Normally there 15
lilelv to be 300 cusees to the end of the vear, The
mmmum sepply with storage 1 conservatively esti-
mated as 290 cusecs  The land submerged by the
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obtained n this way. Ifit proved possible to impound
the whole run-off of the upper catchment, as seems
Likely from the nature of the ground, the river would
be good for nearer 50,000 than 21,000 kW.

(5) Nagarally Ruwer at Royagedda, Vizagapatam Dis-
triet —Mr, Sneyd reported *“ a stmple and cheap develop-
ment within two miles of the Royagedda station on
the projected Parvatipur-Raipur line of the B. N. R.
Estimated yield about 750 kW.” A latter note gives
the power as 1,000 kW, continuous with a head of

80 ft, but no details are at present available This
is on Mr. Tate’s list for further examination. The
site is in Lat. 19° 10, Long, 83° 30 on map 65 M/8. See
however the Kolab and Machkand Rivers in this

district

(6) Palni Hills ; Pinjikave power and irrigation pro-
geet, Komar Ruwer, dadura District.—This is the revival
of an old irigation scheme idered and dropped
for apparently insufficient reasons—in the “sixties of
the last century. Mr. Smeyd in"the course of his

dam i of little value The ongmnal ree s
rucgested a preck-up weir rome 300 yds below the
mam dam, for feeding the open channel, which is
3 m long It probable however that with so short
a length a pipe directly off the reservoir, leading to a
surge tower above the main fall, would be preferable, If
however the upper dam site 15 found the best an open
channel would be necessary. Two forebay sites exist,
the better one entaing a loss of some 15 ft. of head
There 1s no natural site for the power house ; Mr. Sneyd
srggested excavating one underground in the rock,
out of the wav of the spray of the waterfall. Probably
tlus is the best solution of the problem The waterfall
i5 540 ft Ingh and atleast 580 {t head could be obtamed
from the lower dam or G20 ft from the upper dam.
The power available with storage, under the worst
conditions, will be 290 x580/15=11,000 kW. conti-
nuous 24 hr power, at a very reasonable cost

The albove however 15 only a small fraction of
the power in this river. If the Duduma falls were
harnessed, and the flood waters regulated at the main
dam, there would be a constant flow of some 300 cusecs
migimum down the river bed, subject only to the 2
hour variations, The main falls appear to be at an
elevation of some 2,400 ft and thereafter there aro
rapids for a great distance. At least a further 1,000
ft of fall is avalable which, given the mitial flood
regulation, could be developed by means of a  series
of lifting dams  The larger tributaries would greatly
increase the minimum flow and probably a further
flood regulating storage would be necessary, or more
than one With so much power possible this could
be faced. At least a further 10,000 k. could be

rec sances found the site, and the old report on
1t, and at once saw its great valwe for power. The
story begins in 1861 when Col, D. Hamlton was in the
Kodaikanal area and came accidently across an old
breached earthen dam, stated by him to be some 600
ft. Jong and 90 ft high, in the upper reaches of the
Kumbar river, not far from the watershed, and 12 mi.
West of Kodakanal. Examining the ground behind the
dam he found clear indications of the high water level
1 the once existing lake ; but no local tradition even
existed to show when the work had been constructed
and destroyed. The assumption, however, was that
the stored water was used for irrigation in the plains
on the far side of the watershed, thousands of feet
below, thus anticipating a common present day practice
in hydro-clectric work. The lake only filled to a
height of some 50 ft. at the dam, but eve 1 so was stated
by him to have had a capacity of some 4,300 m. c. ft.

with a catchment of 30 sq. mi. Mr. Tate finds that
catchment only 62 sq. mu. and the dam only 280 ft.

long. After some years discussion the Madras Govern-
ment finally decided in 1872 not to proceed with the
rebuilding of the dam, and the project was forgotten.

In later years a reservoir has been constructed in the

neighbouring catchment beyond the watershed, for a

similar purpose of irigation Mr. Speyd m 1919

marked the site off for investigation, judging it to be

probably capable of giving 8500 kW. on a head of

about 5,000 ft.

In 1920 Mr. Tate examined the site and drew up a
plan and a complete project in the rough. The situa-
tion is on map 53 /8, at an elevation of over 7,000 ft.,
while the plains below, over the watershed, are at about

~
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1,500 ft.; thero is therefore a clear fall of over 5,000 ft
in a few miles.

Mr. Tate’s project does not altogether agree with
Mr. Sneyd’s proposals, but the discrepancy cannot be
traced exactly, In rough outline a dam would be
built on the Komar River about 7 mi. below the old
dam site at Pinjikave and the waters diverted thenco
to the existing Beryam reservorr, where the maximum
water Jevel is 7,040 ft. Thenee the water would flow for
4 furlongs in the natural channcl to a regulating tank
(muscalled a forebay) From here 1t 1s proposed to
construct an open channel for 11 m mmolvng a
fall of 120 ft. to & pont where the pressure pipe would
begm At this pomt the forebay proper would have
to bo bult on this plan j but the more effcetiy e method
would be to utihize this 120 {t, of extra fall n a pipe,
with a surge tower at the end of 1t, i which case the
forebay would be as presumed by Mr Tate , the pressure
pipes starting at the surge tower. The mam fall 1s
then over 5,200 ft Mr. Tate proposes that 1t should
be taken m two stages, the first givesa fall of 2,610
ft. (or 2,620 ft.) in 10,000 f&. TFrom the tail race of
this upper echeme the above comment holds good;
the water should be collected 1n a second forebay with
a light pipe live of 1 mu. for the small drop of 100 f¢
at the end of which a surge pipe would be required ;
then there is a second fall of 2,500 ft. (2,600 {t.) mn
8,750 ft mto the Varahanad: River above the Thalaiya-
thur irngation anicut,

The development in two stages would probably be
preferable to taking the whole fall m one. Using
pipes and surge towers as suggested the gross falls
would be 2,620 and 2,600 ft. respectively, or about
2,550 ft. net each.

By building & new bund at Berijam, lower down, and
removing the present one, an additional 1} sq. mi. of
catchment {giving 13 sq. . in all) as well as extra
capacity would be obtained, vz, 150 m. c. ft. in all.
The details regarding the Koniar catchment and
capacity arenot clear, In the 1868 report the Pinjikave
catchment is definitely given as 30 sq. mi. and the old
tank capacity (up to the well-maiked high water line)
4,000 m. c. ft, Mr. Tate gives the same catchment
as G sq. mi, only and the reservoir capacity as 300
m. ¢. ft. only.

When the existing Berijam irrigation project was
sanctioned in 1905 the run-off was taken &s 34 per ceut.
of the monsoon rainfall, thongh 60 per cent. was actually
ascertained in the case of the Kodaikanal water supply
close by. The average is very unlikely to be below

40 per cent. Mr, Tate takes the minimum run-off to
be 35 per cent, of the minimum rainfall for the South-
West and North-East monsoon periods, apart from the
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minimum perepnial flow,  This 13 equivalent to 1%
in. of run-oft on n eatchment of 13 pq mi. giving 423
m. ¢. ft. The constant flow from storaga i therefore
13 cusecs in the drieat year, of which 3 cusecs nte
allowed for local irnigation, leaving 10 cusecs for power,
The mimmum perennial flow iz taken aa 6 cusecs,
giving 16 cusees in all for power n the worst
year.

The continnous 24-hr. power avadable at each of
the two stages 15 some 2,700 AW, or 5,100 kW, in
all. Mr. Spreyd's estimate of 7,600 LW, contintous
(using the old dam site) seems to be baaed on the catch-
ment ares given m the old oflicia) reports, which appear
to be incorrect.  Mr. Tate'a rough catimate for the
whole project complete, éneluding 13,200 \W. of
teorking plant, 13 77 lakhs only, which would mean
about Rs 680 per kW. installed. The lydeaulic
development up to the upper forebay would bo extra-
ordmary clieap, wiz., about B lakhs only for the storages,
cte., the pipo line, as always on very high heads, would
be by far the most expensive part of the power plant.
If the upper site and fall wero developed on their full
storage the project would nlmost certainly be a very
cheap one.

Over and above power, some thousands of acres
(probably 8,000) could be imgated in the plains.
Mr. Snoyd pownts out that objections were raised, in
the 1869 report, to cutting off 30 sq. mwi. of catchment
from the Amaravathi river, nto which the Kumbar
flows , but he considers that this would not in fact have
any serious effect as it 1s not even part of the main
catchment. Even the local Kumbar irrigation would
not, in his opinion, be seriously interfered with; it
could be continued from the new lake. The advantages
of this combined power and irrigation scheme are very
great and 1t is hard to understand why it has lain
dormant sinee 1872, It appears worth careful detailed
survey.

The Pinjikave project appears by far the best in
these hills, but Mr. Sneyd has examumned 3 other possi-
bilities in the Porandalar River, the Kumbar River
and the Gundar River; the last-named is useless for
power, All are on map 58 ¥/7, 8.

(8) Palni Hulls ; Porandalar River is formed by the
junction of the Gundsr and Vannantoraiar (or Pum-
barai) streams, There are some 200 to 300 acres of
irrigated land in the Istter valley, which would absorb
all ita water in a bad year, Storage on a comparatively
small scale is possible, with & high and expensive dam,
and the probable minimum flow with storage is taken
as 15 cusecs. The fall available is about 1,600 fi. so
some 1,500 kW, continuous could be obtained. (Aap
68 F/7.) Mr. Sneyd considered this project the most
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favourable one m these hills after the Pinjikave site
{g.v)

(9) Palmt Halls, Kumbar {or Manjapatiar) River.—
The upper reaches of this river, above 6,000 ft, eleva-
tion, are entirelv exhausted by terrace irrigation in
dry vears rmall reservorrs could be made at several
powts which would be valuable for wrnigation but not
of cufficient capacity to be worth their cost for power
Similarlv, down to the junction of the three chief
branches all the water 19 required 1n the dry weather.
Here there 15 a fall of 1500 to 2000 ft to the plains
The mmmum flow at the junction pomt, where the
headworks would be 13 estimated at 5 cusecs. With
the emall <torazes mentioned 1f thev proved reasonable
m cost 17 eusecs altogether might be obtamed giving
some 1,500 LW continuously. The headworks storage
would not be more than that of a large regulating fore-
bay.

(10) Tantar River ; Shevaroy Hills, Salem District.—
In response to a request from the Director of Industries,
Madras, Mr. Tate visited Yercaud to collect informa-
tion os to the possibility of finding factory power for
Satem 1n these lulls; the Vaniar River, 10m. N E. of
Yercaud and 21 mu N. E. of Salem appears to offer
the ouly practicable scheme (map 58 I). The catch-
ment is 24 5 mi. and a 40 ft. dam 1s proposed at a
point opposite Vellakadal, 7 mi. N E. of Yercaud.
The run-off in the worst year, 1892, which followed
two seasons of defective rainfall, is reckoned to be
8} mn. Taking the longest period without rain as 6
months the required storage is estimated at half the

minimum run-off, or 237 m e, ft., which could be
obtained with the proposed dam ; this, however, allows
no carry-over, With a minimum flow of some 2 cusecs
and some 12 cusecs from storage the constant flow is
assumed to be 14 cusecs; the estimate appears to be
conservative. There is a head of 500 ft. available,
with a channel of unspecified length and a pipe line
2,550 ft. long A good forebay site apparently exista
with ample regulating capacity. Six miles below the
reservorr site there is an 1rrigation anicut on the Vaniar,
with a supply channel irrigating a direct ayacut of
99 acres and feeding the Venkatasamudram tank with
an ayacut of 250 acres. There is a further anient 10 mi.
lower down feeding G5G acres direcily and indirectly

from Alarpuram tank, The upper indirectly irrigated

area might be afected, but 1t 1s probable that with the
continuous flow from the tail race the ultimate effect
would be benefieial to irrigation.

The continuous power available is 14x500/15 or
say 450 kW. only and the cost would be very high
(about 18 lakhs) ; but further investigation may put a
better complexion on the case

KXNOWN SITES. 143

(11) Varaki River, tribulary of Haladi, S. Kanara Dis-
trict.—The Kunchikal Falls on this river were examined
by Mr. Sneyd in 1920, and pronounced favourable for
development. While the falls are in British territory
however the catchment ares and storage sites are in
Mysore  The site is on map 48 0/2 square A1 of 1" map,
The catchment arca is about 18 sq. mi. lying within
10 mi. of the edge of the Western Ghats. As there
are no intercepting hills the average rainfall is probably
150 . ; there is a small area with this intensity on
the rainfall map of India, including this catchment.
On the lowest computation there will be a run-off of
2,600 m. c ft. average, and as this is greatly in excess
of the amount that can be stored the figure is not of
importance. A good storage site exists 400 yds. above
the falls and with a 75 ft. dam some 300 ft. wide at
the base it is estimated that 250 m. c. ft. could be
stored, There are also further storage sites higher
up. Difficulties will occur as to surplussing, both
duning construction and when working, unless the
dam will allow of surplussing over its crest. The bed
is solid rock and the sides are precipitous. From the
information available it seems probable that the best
method of development would be by running a pipe
directly from the draw-off point of the reservoir, leaving
sufficient *‘ dead water” to enable silt to be cleared
by under-sluicing. The clifis on both sides of the ravine
are very steep, and whether an open channel or pipe
is used it would probably have to be inside the cliff
in tunnel. Mr. Sneyd suggested a pick-up weir 200
yds. below the dam, but there is no apparent necessity
to sacrifice the (variable) extra head at the dam. The
available head is given as 1,350 ft. from a forebay at
the end of & short open channel, and will therefore be
1,400 ft. or more 1f a closed pipe is used from the dam,
The length of open channel is given as about 1,000 ft.
in addition to 600 ft, of the river bed. This 1,600 ft.
should preferably consist of a pipe, laid on a com-
paratively small slope, ending in a surge tower; the
extra power obtained would clearly give a very good
return on the extra expenditure. The pressure pipes
would then originate at the surge tower, and the cost
of the forebay would be eltminated. The power house
site is favourable and ample, and the whole project
would be very reasonable in cost.

There are further possibilities of diverting the Malatte
(Malati) Hole Nala into the Varahi at the 2,000 ft,
contour near Scttigalakoppa. There is believed to be
a flow of at least 20 cusecs minimum in this stream
for 5 months, and ample water for the rest of the year.
The proposed storage of 230 m. ¢. ft, will give a farther
20 cusecs in the dry period, or 40 cusecs in all, This
on 1,400 ft. is equivalent to 3,750 kW. continuously.

N,
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The final possibilities are much greater.  If the minimum
run-off assumed can be stored it would give a further
60 cusecs all the year round of 100 in all. The diver-
sion involves a tunnel of only about } mi in length,
immediately S. of the place mentioned, on square 0
of map 48 0/2. The Malati Hole would then be dam-
med 2 mi. S. E of that point.where the 2,000 ft contour
crosses  The project is a promising one

106. Punjab ; known sites.—At present no hydeo-

electric survey has been mitiated i this province
because, as stated above, attention has been concen-
trated on one large project and its branches  The
first step in the Survey, winch 1t 19 hoped will be begun
this year, 15 to make thorough reconmniscances of the
whole Himalayan area of the five nvers and therr
tnibutaries . 1t will then be possible to sav what sites
ate worth detailed investigation It may however, be
noted that two projects usually associated with the
Punjab, namely those on the Chenab at Riazi and on
the Jhelum at Muzaffarabad, are actually i Jammu
and Kashmir States, respectively , they are noted on
under this head. Such nformation as 1 avalable
regarding Punjab nivers will be found in the following
chapter.

107. Rajputana, Alwar, known site.—Ruparel
River at Bara.—A proposal to make a storage weir at Bara
(map 54 A) has long heen under consideration  Mr Bull
visited the site 1 March 1920, and Sir Thomas Ward,
Inspector General of Irmgation, also visited the site.
The dam site is 1 a narrow rocky gorge and very
suitable. The annual rawfall vanes from 9 8 to 58 m.
at Thanagazi and the iver runs dey in February.
During 28 years there has been less than 10 m. in 3
years and less than 193 1n 11 years  From 1899 to 1903
there was a run of bad years, and Mr Bull considered
that af least a year's carry-over would be neceseary.
There is no fall in the river, and the fall must therefore
be obtamed from so much of the dam as is below drawn-
off level” With a dam of 100 {t. in height some 2,610
m. ¢. ft. could be stored up to R. L. 320 ft. Above
R. L. 288 {t this gives 1,630 m, c. ft. of useful storage
with a head varying from 92 ft, to 60 ft. It is reckoned

that 1,100 m. c. ft. are required for the load obtainable,
thus leaving 550 m. c. ft. or 6 mo supply in reserve
with a full reservoir. On an average bead of 76 ft.
the continuous power wounld be 160 kW. giving 1-45
million units per aonum, which can be taken at any
rate required subject to the total limit. Examiaation
of the probable run-off shows that even this could not
always be depended upon, in a bad series of years,
but further investigation is required. The estimated
constant discharge of 19 cusecs in the cold weather
and 44 cusees from Aprl to July would be valuable
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for frrizgation.  Mr. Bull strongly recommended further
investization of the river, both normally and in flonds,
na the percentages of nun-off i the varions years are
bazed on expertence awd not on actuale  In doubtful
cases hike this actunal gangings are the only safe critetion,
A water stage recorder has now heen inatalled

108. Travancore : known sites. -Lleven projects
have heen examined under the direction of the Travan.
core Darbar, all on rivers flowing Weat, A« they are
consecutively numbered on the map prepared it wiil
hie hest to give them here in the «ame order, with such
particulars as are known  The power svailable 13 not
tated

(1) Tambraparnee Ricer, at Valiathioowam falle—
This site 13 on map 53 H, lat. 8 307, long. 57° 20", There
arc falls of 1200 ft, in 1} mi with a very small
catehment (about 3§ s ) an the hills near Ambasamu-
dram The river appears from the map to flow into
the Indian Ocean . there 15 another niver of the wime
name raing near the same spot, floning E | from which
mills are worked see parm 60 The fulls drop
into Kodayar Lake. The yield 13 not known.

(2) Nevvar Ruer, at Kombe-Kant falls—This site is
6m1 W of No T of this list, on the same map The
catchment area 13 5 89 nu only and there is a fall of
500 ft m 1 my,

(3) Ittikaru Riter, at Meenmutty falls —This is
sitnated near the road at lat. 8° 55', long. 777 8" on map
n8H/1  The catchment 13 115 sq. mi. and there is a
fall of 350 ft. 1n 7 mi

(1) Kallada Ruwer, at Kaduruity falls.~This site is
on a branch of the Kallada River, 1} mi N. E. of No 3,
and also ou the road on the same map  The catchment
is 50 sq. mi. and the fall 250 ft. in 2 mi.

(5) Kalladua Ruer at Ootakal falls.—This is 2 or 3 mi.
N. W of Nos. 3 and | on the same map The
catchment is 230 sq. mi., but the fall is not shown,

(6) Giri dur Nala, tributary of Kakk: Aur —This is
onmap 58 G, lat. 9° 10, long. 77° 15". The catchment.
area is under 5 sq. mi. and there is a fall of 40 ft only.
The Kakki Aur has a catchment of 83 sq. mi, at the
500 ft. fall Jower down. This s te the S. W, of Periyar
Lake. This stream falls into No, 7.

{7) Peruntenaruti River, above junction with Kakki
Aur (see 6). Thissite is within 6 mi. 8. W. of a bay
of Periyar Lake. The catchment of the Lake is 230
sq. mi. so that the known inflow should be a good guide
to all these neight sites. The h of
No. 7 is 53 sq. mi. but it is divided between3 tributary
streams, two having falls of 250 ft. and the third of
350 .

(8) Perinjancutty River, tnbutary of Periyar R.,
Cardamom Iills—This appears to embrace the

ing
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* Cardamom Hills teservoir ™ eite, at one time proposed
to supplement Penyar Lake It 1s at Kallar, map 68 G,
Iat 8° 50' long 77° 15", The catchment 1s 73 sq. m1.
and there 1< & fall (Thural falls) of 300 ft some 5 m
1. of Kallar The suggestion may be ventured that
with so many other sites near by this catchment would
benefit the people of India more if utilized as origmally
prapased

(9) Mudrapuzhar River at Pallivassal falls.—A fall
of 400 it 1s already utilized here, at Munnar, map &8
Fj4, t1de para 69 The total fall is ghown on the
map as 00 to 1.000 ft

(10} Peryar River at Karimbankurka falls.—This site
is on map 03 G/1, west of 8 and S of $ and 12 1.
or go from each of these The catchment 1s 300 sq. mi.
and there 1 a fall of 30 ft  The excess from Penyar
Lake flows down 1ts ongmnal course here, with this
additional catchment.

(11) Periyar tnbutary —This aite 1s some 14 m1, N.W.
of 9 and 10 and has a fall of 80 ft. map 58 B/16.

CuapTER 14 —AREAS AND RIVFRS NOT YET
EXAMINED.

108. ¥ of rece not yet under-
taken.—The following paragraphs show, by Provinces
and States, 1n alphabetical order, what remains to be
done before the first stage of the Survey can be said
tobecompleted The list jteelf may quite probably
omit many entries which should be present. Such
estumates of power as are given are far more speculative
than those in earlier chapters, but in some cases {eg,
the Punjab) there 1s some definite information available,
The following table 13 a summary of this chapter.

TaBLE 49.—Summary of areas and rivers nol examined,

! Number Possible
Leference | Proviace or Btate ol ondisuots,
Tara 110 . | Assam e e b 300,000 1
o 111 Tengal . . - . . 3 630,000 7
, 112 | Bihassndorissa . . . 25 20,000 1
» 113 . | Bomtay . e 18 20,000 ¢
» 114 Burma . . . 70 300000 7
o 115 | Costral Prosluces . . . 31 10,000 ¥
» 116 . Kabmic . o . . £ 20,000 ¢
W 117 . ) Madras . . . . . 7 5,000
» 118 . North-West Frontler Province . s £1,000,00017
» 119 Puzjab . . . . . 30 [662,000) 1
B 1 omuall ¥
w12t L) Uaed Provtaces . . . 13 20,000 7
w 122 .| NativeBlatesofIndin , . . Do Intormation
1 Torar . (“Zs‘\ 3,017,000

SUMMARY OF RECONNAISSANCES NOT YET UNDERTAKEN.

145

. 110. Assam ; areas not investigaled.—Attention
in Assam has so far been concentrated mainly on (i)
the Cherrapunji platesu and (i) possible sources of
power for the projected Hukong Valley Railway link
to connect Assam and Burma. As noted in the Prelimi-
nary Report, the whole area of the Khasia, Jaintia
and Garo Hills offer large posmibilities which must
remain entircly problematical until examined. The
hills are mostly virgin forest, passable only to elephants.
From Tura i the Garo Hills to Calcutta the distance
is 250 miles, 8o that much of the industrial area of
Bengal 15 within practicable transmission distance of
these Iulls. The Mymensingh and Dacea districts are
much closer, while the tea districts of Cachar and
Sylhet lie at the very foot of the Khasia hills. As the
general elevation of the hill plateaux is 3,000 to 4,000
feet above the surrounding plains, and the mean rainfall
varies from 100 inches on the outskirts up to 300 and
400 inches around Cherrapunji the unknown possibi-
lities are great; their utilization however depends
entirely on large water storage sites being found, and
these must not depend on very high dams owing to the
area hbeing subject to earthquakes. In the absence
of any information let it be assumed that it may be
pessible to utilize the minimum rainfall of 100 in.
over 500 sq. mi. (which is less than a quarter of the
elevated area), with an average head of 1,600 ft. Using
the approximations again reprinted in the present
Report, 100 in, over 500 sq. mi. would give about 3,000
cusecs throughout the year, or 300,000 AWs. on
1,500 ft. head. It is clearly worth while to endeavour
to locate a fraction of this power, as it is beyond cavil
that eight or ten times that power is annually dissipated
in the torrents.

Of the large hill area of Assam to the east of the
ranges mentioned it is better to say nothing, since
the couniry is wild and uncivilized and quite out of
reach of any industrial Iife at present; the rainfall
however varies between 75 and 100 in. over many
thousands of square miles of elevated land.

The Himalayan slopes on the north of Assam are
in Bhutan, and the great rivers which make a steep
descent into the Brahmaputra are snow fed from
ranges of 18,000 ft. and upwards, with a rainfall pro-
bably exceeding 100 in. ; this atea however is outside
the purview of the Survey.

Mr. Blenkinsop reports that * the Kopili River and
the Sobansiri River should well repay investigation.”
The former has not been found in the Atlas, and no
indication is given of its whereabouts; the Sobansiri
is a tributary of the Brahmaputra on map 83 I, flowing
in from the Miri Hills, north Lakhimpur. It has a
very large hill catchment and there is no doubt as to

x
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its value for power; but it i3 very remote. Neither
of these rivers appests in the Preliminary Report,

The following is an alphabetical Jiet of the sites
suggested as possible in the Prelimnary Report pp. 66
¢t seg. and elsewhere, none of which have been examined
ps yet, with such information as was given before.

(1) Abong River, North Cachar—Near the Subong
Tea Estate there is said to be a good reservorr site, ns
noted in the addendum to the Preliminary Report.

(2) Bhugai River, Garo Hhlls, map 78 K/7. This is
unsurveyed so far as modern maps go The average
rainfall from April to October is about 90 1n. over a
catchment of some 83 sq. mi. at Silhat, where the
Naranga R joms.

(3) Dibrugarh.—A site, smd to be good for 26,000
H. P., kas not yet been found or investigated. It may
be the Subansin R mentioned above (Or Hukong V)

(4) Dudhnat River, Garo Hills, map 78 K/13. At the
junction of the Manda and Chinchura tributanes the
catchment 18 about 110 sq m with an average rmnfall
of some 100 in. between Apnl and October The
slope of the stream is steep, but the ares has not been
surveyed in detail.

(5) Jadulata or Kynshung R, Khasie Hills, map
98 O. There are many falls on this river, and the
catchment above those of 70 ft. shown on the } m.
map, in the Nongstoin area, i3 about 2¢ sq. mi. with
an average rainfall of some 90 in. between Apnl and
October.

(6) Jatinga River at Damchara, A B. Ry—Ths site
is on map 83 G/4. A reconnussance has shown that
it is possible to store some 3,000 m. ¢ ft. at the han-
pin bend near mile 277 of the line, just below the
junction with the Ka Yeng tributary, using a 90 ft.
dam. The catchment is about 96 sq.mu. with an average
rainfall between 144 and 250 m. It 1s reported that
there would be great difficulty over the long flume
sequired, of about 10 mi. The project has therefore
been left over until Maibang has been further examned.
Flowwould be more than sufficient for 6 months
annually, and the storage and flow would give 190
cusecs for the rest of the year. Some 250 it. of fall
is obtainable, giving about 2,500 kW, continuously,

(7) Jinari or Didram River, Garo Hills, map 78 K/G.
This has a catchment of about 100 sq. mi, at Rocksaun,
with rainfall of the order of 100 in. and o steep slope.

(8) Kiang Rirer.—Location unknown, but referred to
in the addendurn of the Preliminary Report as deserv-
ing of reconnaissance.

(9) Kopili River—See beginning of this paragraph.

(10) Kulsi River, Ehasia Iills, map 78 0/5. The

catchment area ot the Kulsi swamp exit is over 100

£q. mi. with average rainfall of 100 . The stream is
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perennial, and has a rapid slope and falls higher up.
The swamp or Iake ia almost at plaine level, but is of
very large area.  There are posaible dam sites apparent
on the 4 in. to the mile forcet sheet 23 N, E f, where
the gotge i only } mi. wide  Thke bed lovel heee ja only
184 ft. If, however, 8 high dam were built the water-
sptead would be very large, when onee filled ; and the
top 50 ft. or so mizht afford considerable power with
the head due to the balince of the dam above denw-
off level.

(11} Krishnai or Damring River, map 78 K/9, The
catchment at Chelteret is about 200 sq. my, and the
slope 13 steep

(12) Monas River—This flows into the Brahmaputra
from Assam, and has a Lirge perennial flow, The fall
in Bntish territory may be considerable. {Map 78
J/13)

(13) Mongscang Lake —This i3 an alternative site in
the Hukong Valley region, <co para 78, Mr. Blenkin-
sop reported a storage site with o fall of 2,000 ft.

(11) Sobansini River.—See begning of this para-
graph

(15) Sympana Nalo.—See Mongseang lake above.
This nala also offers storage and a fall of 1,600 ft.

{16) Umian River, Khasia Hills—This crosses the
mamn road to Shillong at Barapani, where a reservoir
site may exist, with a catchment of 20 sq. mu. There
is no information as to falls. (Map 78 O/14 and 83
o, 2.

(17) Um Rai River, Khasia Hills.—This is a tributary
of the Um Tru (q. v.) and crosses the Shillong road.
The discharge here has fallen as low as 1 cusec  The
Laroh rapids have not been identified. {Map 78 0/13.)

111. Bengal ; areas not investigated.—So far the
Government of Bengal has been unable to look mto
1ts water-power resources. For the most part the
province consists of the alluvial delta of the Ganges,
and is practically at sea level. It was explamed in
the Preliminary Report that rivers with a fall of a few
inches to the mile in a flat plain cannot be utilized for
porwer ; they are already liable to overflow their banks
with disastrous consequences, and any obstruction such
as a lifting dam (para 31 supra) to give the lowest
practicable working “ head,” would result in certain
and far worse inundations, Furthermore the head s0
obtained would be certainly lost through the afflux
of the tail waters, in flood times.

(1) The smaller tributaries of the Great Rangit in
the neighbourhood of Darjeelng have already been
examined to some extent, but the Great Rangit and
the main stream of the Tista, into which 1t flows, require
detailed mvestigation (Preliminary Report, p. 70, and
Appendix to List of Sites), These rivers may prove
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fnitable for the ordinary type of low head hiting dam
development  The difficultres of constrnetion wounld
be contiderable but there are well known parallel
cases of large rivers bemng harnessed 1n steps at a series
of lifting dams +1:dec para 31 supra TUp to the
junction of the two nivers near Kalimpong there is a
fall of over 300 ft with 8 mmmum dischargs said
to amount to 10,000 cusecs. If 1t were possible to
develop this power 1 stages 1t would amount to 200,000
LW mmmum

{2) Above the junction the slope imcreases greatly,
and the mummum discharge of the Tista alone 1s sard
to be 1,250 cusecs up m Northern &ikkim  If develop-
ment proved {easible the two nivers above their junction
could (apart from tributanes) possbly give another
£00 600 kW und as a rough conjecture 400,000 kYW,
may he entered Lien allowing for the fact that
suitable sites cannot alwaye be found 1t is probable
that the Tista and 1t< tnbutarnies together could be
harnes<ed to ginve 500,000 LW. m the aggregate The
question therefore resolves itself mto (1) mvestigation
{or pos=sible gites. (n) the economics of developing these
1n competition with Bengal coal.

(3) The Hill Tappera ranges and therr continuation
1 the Chuttagong Hill Tracts are even less known, and
1t 1s impossible to eay what poner they may contain.
The annual rainfall 1s probably over 100 in. upon a
hill area of 1,500 &g m1. or more, eqiivalent to some
9,000 cusecs for tle year, but the main rivers appear
to be mostly at altitudes Lelow 500 ft. Whether the
great storages, which the Atlas sheets appear to en-
courage are in fact present, and, if present, whether
they represent agrcultural land wlich ecould not be
flooded , it 15 for the future to decrde. In any case
the falls obtanable would depend on liftmg dams
and would be low and therefore expensive in terms
of horse-power from stored water. It is however by
no means mpossible that the district has considerable
power, as there are no detailed maps available of this
practically unsurveyed area. It is little more than
guess work to say that from 30,000 to 50,000 LW,
are probably obtamable. Discharges of certain streams
1n Cluttagong district follow

Mummum discharges obseried in March-Apnil 1919.—
In the absence of more detailed information the follow-
g discharge observations may he recorded. Of the
streams mentioned, the Jaldaka is dealt with elsewhere in
tlus Report, as also are the Darjeeling streams,

.Iulpn.gun Dustrict - Cusecs,
nanda l{wt\' at Tltuha. P | 1
Karatoa . (]
Rangpur Destrict
Jabunnsart River ncar Badurganga . . . 100
24

Ghagat River near Railway bridge . &
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Cusecs
Dhaﬂa Riverat I\ungrnm P Xt
L River . . . . . 276
B¢ aIda Dmlnd
angan RivernearMachia , . ., . ., 18
Kalindy River near Nema Sarar . . . .12
Purnabhaba River near Rahanpur . . . 82
.Dogra Drstrict.
Karatoya River near § mile E. of Tltulxa . . 3%
Nagore River . . 1 £
Tulshigangs River . . . . . . 1}
Jabuna River . . . - . .
Duars Distrret
Jaldaka River near Railway bridge . . . o231
Kust Diana River,nearbridge . . . . 3
Murts Raver, near bridge . . . . . 6
Rydak Riverat Vh\xtanuhac . [
Jant: Raver near Jamnti . . . B 15
Daryceling Dastrict,
* = T T 23
9
66
50
Chittagong Distrct,
Khootakhal: Chara near bridge 5
Tadgaa Chara at Mabantarghat 18
Sona Chara at Jzoria Nala . . 13
Bagkhal at Cowerkhoop . . . . . 24
Matomoohary at Kokra Mouza . . . . 81
Hizaha (Rejoo) at bndee . . . . . 3
Bara Kunura Khal at Kumira . +
Sital Jharna at Pachlish . 3
Santa at Santa - ml,
Halda at Wazirhat . . 27
Dolu at Somadurpara D 11
Ichamat at Rapgoomia . . . . . mil
Bilak at Silak . . . . . 5

112. Bihar and Orissa; areas not investigated.
It will be seen elsewhere in this Report that not much
of this Province has been examined sofar. The northern
boundary 1s below the foothills of the Nepal Himalayas,
and if any development is possible here it ean only
take the form of lifting dams with low heads on the
rivers debouching into the plains. Of these the Atlas
sheets show (from East to West) the Kankai, the Kosi,
the Balan, the Kamla, the Baghmati together with
some smaller rivers. Of those mentioned the Kosi
is by far the largest. In the absence of information
as to cold weather discharges it would be rash to apecu-
late on what power (if any) could be depended upon
from these rivers. The rainfall rises from 50 . to
75 1 over the border and in the higher altitudes is
probably greater ; furthermore the winter rains in the
Ligher altitudes will e as spow till late in the season,
while the Kosi and 1ts great tnbutaries are fed from
the great snowy range itself, including Mount E erest
and Gauri Sankar. If therefore lifting dawa are
practicable within the borders of the provines, fe.,
if they can be bmlt without flooding large stretekhes of
agricultural land—the possibilities are considerable ;
but po estimate is posstble.

Regarding the Hazaribagh-Ranchi platean, drained
by the Damodar, the Subamarika and the Brahmani,
with their many important tributaries, the general
elevation is over 2,000 ft. running up to 3,000 and

x2
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4,000 ft on the west. Modern maps are not available
for most of the areas likely to be of use, so that recon-
naissance alone can determine what sites there may be.
The mean rainfall is between 50 and 60 in. but is very
variable. A few sites have been examined, as recorded
elsewhere, but general examination is neceseary. No
estimate of the power available is possible in most
instances.

To the south of the province the Mahanadi passes
through the Eastern Ghats in Daspala State, and it
appears certain that development by means of lifting
dams is possible. Enquiries have been made regarding
this site, which is some 250 miles from Calcutta.

Of possible sites suggested m the Preliminary Report,
pp. 71 et seq., and later, the following have only been
casually examined or not examined at all.

(1) Balan River and Bagmatv Riwer—Sce remarks
above.

(2) Bansloe River.—Discharges of this river, with the
Brahmini and More rivers, were taken in Bengal, near
the boundary between provinces, in September and
October. They are available, but they give no indica-
tion of the hot weather flow The higher contours
of the river are in Bihar and Onssa

{3) Brahmany Rwer.—See Bansloe R ; the same
remarks are applicable to this suimlar river. There
are rock barriers and rapids of about 14 mi. through
Gangpur State.

(4) Bhera Nadi, near Ormanyee, Ranchi.—There 15 a
fall of 500 ft. but storage possibilities are small and
unexamined as yet.

(5) Dardhari River, Pakripat plateaw.—There 15 a fall
of over 600 {t. where the niver drains off the 8.-B. site
of the platean. A dam site examined below Pirapatal
would be very expensive to develop, as would also be
the open channel to above the power station site at
Tendar, It is believed that only 1,100 kW. continu-
ous would be available; but the site merits further
investigation. Enquiries have been made regarding
it for use in connection with aluminium refining.

(6) Garka Nadi, Singbhum.—The site at Dutaura,
4 mi. N. of Dhirol P, . D. rest-house, on the Chaibasa-
Moholia road, has not been inspected in detail. There

is no patural fall, so development by lifting dam (with

storage above it) would be essential. The cost of
storage would be heavy, but if a succession of hfting
doms can be employed (see para 31) the site may

prove useful. (Map 73 J/6)

(7) Ib River, tributary of Mahanadi, Sambalpur.—
Mr. Clnlyto.u reports that Mr. Walker, who investigated
Teservoir sites a generation ago, found a very fine one
on the Ib with 2,365 sq mi. of catchment and a capacity
of 14,600 m. c. ft. Unfortunately the railway bridge
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now passes through the site, which it therefore lost.
There may however be other storage sitea, When
the Th gets within 8 or 9 mi. of Sambalpur (map 61
0/15, 16), it takes a sudden turn to the W, and falle
into the Mahanadi 12 mi. upstream of the town, There
ia a fall of 102 ft. in this steetch, while the ridge to be
cut through to utilize it ix only about 20 {t. above
the Ib flood level, Something may hereafter be made
of this river.

(&) Indravati  River—(Sec  alw under  Central
Provinces). The Gazetteer says “ In these hills of the
Dangala area of Kalahandi (Feudatory Statea of Oriea)
the eplendid stream of Indrawati tahes rise near Thua-
mul ; 1t quickly gathers volume, nnd even in February
roars and rushes down its hilly course in secthing
eataracts, in its short wild rush to the plains and the
State of Bastar to join the Godavari” Lifting dams
aro clearly indicated, but there is no fucther informa-
tion as to tho river in Oriwa.

(9) Jonk River—Mr. Clayton reported that a reser-
voir site was partly surveyed on this river in 1863;
a map exists locally, showing the site. With a catch-
ment area of 1,750 sq. mu a storage of no less than
37,000 m. ¢ ft. was calculated to be stored by a 163
ft dam Mr Clayton pointed out that if only the upper
half of this storage were used for power, with o head
varying from (say) 100 to 165 ft., it would make a
promising scheme. The dam is quite short. If 25,000
m. c. ft. are assumed as stored above the 100 ft, level
this would give some 700 cusecs which on an average
head of 130 ft. is equivalent to 6,000 kWs. continuously.
This seems well worth further examination, as the tail
waters could still be used for irrigation and the cost
could be shared between the two purposes.

(10) Kamla River.—See introductory remarks to this

paragraph. \
. (11) Kanchi River.—The Dasan Ghag fall 6 mi. 8. of
Taimara, at the 19th mile of the Ranchi-Bandu road,
is about 150 ft. and can be increased to about 200 ft.
with rapids. The dom sites have not been examined ;
but the catchment area above would be under 200
5q. mi. and the main reservoir would probably impound
the whole yield. The scheme is reported as worth
further investigation. (Map 73 E/8, 12.)

{12) Kanlai River—~See introductory remarks to
this paragraph.

(13) Karo River, Ranchi.—The Perua Ghag falls, 6 mi,
S. of Topkara, which is on the Khunti-Kamdera road,
are 100 ft. high. The catchment area is about 500
sq. mi. A reconnaissance was made upstream from
10 mi. above the fall, and showed no good storage site.
The 10 mi. stretch has not been exsmined. Further
investigation ia desirable.

.



Para. 113.]

(14) Eorl River, North —Two places have been
Teported from the Son Canals reservoir survey as
posaibly useful  Each has a fall and rapids amounting
to 150 {ft The Gazetteer mentions the rocky bed and
rapids porth of Hutar coal fields (map 73 A/1, 2) and
near Parro

{15} Fonhar Birer, Sarquya and Palamau —There are
3 or more falls on this nver, falling from the Sonabira
plateau close to the border between Bihar and the
Central Provinces, including the Chota and Burra Pooai
Ghag and Post Ghag. all apparently in Sarguja State.

(16) Kost Rver —See introductory remarks to this
paragraph

(17) Kurhads River Bonar —The Gazetteer says that
*“the stream runs fast and clear, falling 1n cascades
along 1t< boulder strewn course and forming deep pools
and cddies , on both banks 1t 13 closely shut mn by tower-
1ng forest clad llls.”  Lafting dams are a possibility.

(18) Mokana Ruver, tnbutary of Phalgu, Hazaribagh.
—In the Prelimmnary Report, p 72, the Tamasin and
Harikhal falls, of 50 and GO ft., were mentioned ; they
are 10 m: S of the Grand Trunk Road. Extra head
can be obtaned at Itkhori and storage from 200 =q.
mi of catchment may he posmble. The site has not
yet been exammed. (Map 72 H/3, 4, 8.)

(19) More River.—Sece Bansloe R.; the same data
.are available for this stmilar river.

(20) Nettarkat.—A fall of 900 ft. is possibly obtamahle
Lere, but the catchment 1s amall. The site has not
been examined fully.

(21) Rozo River.—)r.Clayton reported that there were
*“ obvious possibiltties " 1n the way of small falls (prob-
ably hfting dams) combined with storages in this river.

(22) Sankh Rwer, Raydera.—There is a natural fall
of 175 ft. 3 mu. from Rajdera,Pakripat-Netarhat plateau,
and by means of a dam % mi. above the falls 350 ft.
cauld be obtamned. The power station site however
would not be convenient, and the open channel would
be expensive. The catchment is only 32 sq.mi. A

cheaper alternative would be to dam the river af
Rajdera and tunnel 600 yards through the hill, when
a fall of 500 ft. would be obtained ~The project depends
on storage however, and it is doubtful if as much as
750 kW. could be obtained. Examination is however
desirable. (Map 73 A[3))

(1)} The site at Perna Ghag, lower down, 12 mi. N. of
Kochdega and 4 mi. E. of Kundra, on the Gumla road,
has also not been examined ; see Preliminary Report,
P 72 The natural fall is only about 23 ft., but it
-could be raised by a Lfting dam no doubt. The catch-
ment is 900 sq. mi. (Map 73 BJ5.)

Enquiries have been made regarding the Sankh m
connection with aluminium refining.
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(23) Son River—This has not been examined;
storage would be valuable for irrigation in the Son
Canals.

(24) Subarnareka River.—For the Hundru Ghagh falls,
see “Sites investigated” m Chapter 12.  The
Chandil site, 4 mi. from that village, has not been
examined yet By storage and a lifting dam (or dams)
for head, there may be useful developments. The
storages above Hundru Ghagh falls would materially
benefit this lower scheme. (Map 73 J/5)

25) Usri River, Hasaribagh —The Irngation Depart-
ment in Bengal reports this river and its proposed storage
as useless in that province; but it may be possible to
develop 1t in Bihar and Onssa.  There is a fall of 180 ft.
at Usri, 7 mi. from Gindih, near the Gobmdpur road.
It has not been examined. The Bengal Government
contemplate flood regulating reservoirs on the Upper
Damodar and Barakar rivers, below the Usri junction.

113. Bombay ; areas nof investigated.—As noted
in para. 82 supra the Survey has been closed down
by the Government of Bombay. The work so far
done has been facihtated by Mr. Beale’s earlier survey
of the irrigation possibilities of the Deccan from reser-
voirs While the Northern and Central areas are the
most likely to develop industrially, there are equal
possibilities further South though in regions which at
present do not require power. In this connection
there is alwvays a chance that possible industries may
not be pushed forward for lack of power facilities while
power sites are not examined because there is no market,
One of the objects of the Survey was to break this
vicious circle. Generally 1t may be said that the whole
Presidency has been divided up into districts, in each
of which reconnaissances have been made of likely
sites; but another two years’ work at least would
have been required before it could be said that the
water power resources of Bombay would be known.
In Sind there seems no likelihood of finding water
power on any useful scale; the projected Sukkur
barrage on the Indus appears at first site to be attrac-
tive, but during floods the small head given by this
barrage will completely vanish, Even the power
required for operating the gates will, it has been decided,
be supplied from a fuel driven power station, Here-
after, it is said that the Rohri canal, fed from the
barrage, will have falls aggregating some 40 ft, which
can be concentrated and produce some 15,000 h. p.
(according to Dr. Sumner) At present however the
canal is not built.

The following is a list of rivers and sites not examined,
with such information as is available.

(1) Bhatsa River, Thana District.—There are said to
be falls in this river at a site indicated near Shahpur,
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but no details are known except that the rainfall in the
catchument of nearly 400sq. mi. js very high; probably
200 in. or more in the ghat area, from local information,
though there are no records of the Meteorological
Department there It practically all falls between
June and September. A power scheme might interfere
with the Bombay water supply, which is of vital im-
portance. (Map 47 E/T.)

(2) Bhima River, Poona District.—This was investi-
gated during Mr. Beale’s survey, for irrigation, and it is
probable that a combined project is possible

(8) Ghatpraba Valley, Belgaum Distract , a3 in {2).

(4) Ghod River, Poona District ; ns m (2)

(5) Gurna Ruver, Nasik District ; a< in (2)

(6) Godavery River, Nasik District; nsn (2).

(7) Indus River at Sulkur.—See remarks above in
this para.

(8) Eadoa Rwer and tribularies, Nasik District: see
@)

(9) Eolaba District.—Only small power schemes are
possible here.

{10} Krishna Valley, Satara District.—See remarks on
serial number {2} above

(13) Malapraba Ruver, Belgawm District —There are
falls in this river but no detmls are known at present.
The catchment area is about 2560 sq mi and extends
through the zones of 30 to 100 1n. rminfall, which mostly
falls between May or June and September. It has
been wvestigated for irngation, and a combined scheme
is probably practicable. (Map 48 M/1.)

(12) Mula Ruver, Almednagar Districl—There are
two Bombay rivers of this name; one is dealt with
under the ““Nila Mula Project.” The other rises in
the Trimbak hills, which have a rapid drop from about
5,000 {t. elevation down to 2,000 ft. The catchment
area at the site indicated appears to be about 180
sq. mi, with a monsoon rainfall averaging 30 to 40 in.
but probably far higher in the upper reaches; it is
confined however to the monsoon period. The river
has been examined for irrigation, and a combined
scheme may be possible. (Map 47 E/11, 15.)

(13) Nira River, Bhor State and Poona —This has
been investigated for further irrigation work and a
combined scheme may be possible. It was noted in
the Preliminary Report that * after the new Bhatghar
Dam is built much more power will be available,
especially if the Vir Tank is enlarged to pick up the
tail waters and store them for irrigation. The Ing
falls or rapids also appear to offer some poyer for 8

months ; eome 1,700 e, h. p.” For the Bhatghar dam,
£eo ** Power Developed,” Chapter 10.
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(14) Prajhra River, iFeet Rhandesh; ree rematk on
serial (2).

(16) Pur Rirer, Nacik and Dhurampur State~~)r,
Bowers notes that a project on the lines of that on the
Damanganga River {(para. 99) may be possible.

(16) Ratnagirs Ihstrict —Only amnll achemes are
posaible.

(17) Tungnbadra Riter, Belgaum District.—Thiy has
been investigated for irrigation and appears promising
for a combined scheme.

(18) Wakal Biver, Udaipur State A\ high fall project
may be possible here ; sce alwo para, 122,

In addition, Mr. D. A. Vichare, L.C.E., MLA.,
late Exccutive Engincer, Bombay . W. D., has called
attention to the latent posaibilitics of the rivers in
Kolhapur State.  These ate all tributaries of the Kistna,
rising in the W. Ghats, and include the following :—

Dudhganga R., map 17 L/3.

Panchaganga R. with 1ts tnbutaries the Kasari and
Bhogavati, and the Tulshi wheeh joins the latter, all
on map 47 L/1, 2.

Varna River, map 17 L/1,

Vedganga R., map 47 L/3 and its tributary the
Chakotri River.

114. Burma; areas not investigated.—It will
take some years to make reconuaissances of all the
possible mtes ;n Burma, of which there are certainly
hundreds, apart from further possibilities in the great
nivers  No doubt many of the rivers in the list below
may eventually find their place among the * useless
sites,” but time alope can show.

(1) Bean River.—There is said to be s fall of 1,100 ft.
on map 95 J/12 and K/9.

(2) Bulin Ruver, near Papun.—~This is said to be
worth examination for storage sites, but it runs dry
for 3 montbs. No information as to falls (map 94 G).
There appears a possibility of diverting part of the
head waters of the Thelaw Klo and Yunzalin rivers
into this stream.

(3) Che Chaung, Yaw district.—This stream rises on
the Mt, Victoria range and is reported to have “ plenty
of water” even in the dry season. It is also stated
that any one of the mountain valleys here could be
used for storage. There is a promising gorge about
4 mi. above Yeshin village, 45 mi. from Pauk.

(4) Chipwi Chaung—This trbutary of the N'Maika
comes from the Panwa pass, map 92 K/l,andis
reported to have a rapid fall,

(5) Chiritka sfream~There is a fall in this of about
150 {t. in } mi. near the 8th mile on the Sinlum-Loilaw
road ; also a further fall of GO ft. where it falls into
the Taping River, between Kalichel and Khalon Kha
on the Chinese road (map 92 H/11). -
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(C) Dabalat veaterfall —This 1s on an unpamed tnbu-
tary of the Lesser Tepassenm River. About 30 mi.
from that town there 18 “ a large fall.”

(7) Enkan gorgr —This perenmal stream in the
EKatha district 15 sard to be worth examination, but 1t
has not been 1dentified

(8) Hpawngaw Chaung, tnbutary of Namtu—This
is said to fall 2000 ft above Hkelawng The flow
on 19 March 1920 was 120 cusecs and the mmmum
15 belteved to be about 100

(9) Indawgyr Lake —This has an area of some 40
5q. m. and a low dim would mmpound an immense
volume of water There 13 & perenmal flow from it
down the Indaw Chaung and regulation would be
simple  There 19 no mnformation regarding falls. Map

92C7,8

(10) Kadmgtsin Chaung. Prome —There 1s a fall of
about 50 ft some 12 mr N of Paukkaung, with hnlls
on both sides which would facilitate dam construction,
There 1s a large flat valley above, mostly of waste land.

‘The stream 1s dry for 3 months, but with the large
storage available there are possibilities (map 83 M/12,
N1,9) There are further falls higher up

(11} Kaw Karetk Chaung —Thus rises on the Dawnas
at about 3,000 ft and has a rapid fall through a narrow
gorge  The stream 1s believed to be perennial

(12) Ehin or Kiwn Chaung.~~This 1s a tnibutary of the
Nammeik and Shwelh on maps 93 A/4, 8 and B/1, 5.
A discharge of 76 cusecs was measured near the Junctron
with the Kinwe or Konwet, in 1919, but the date is
not given. There appear to be many falls, mcluding
-one of about 600 ft near the road crossing, but Litle
is known for certain The Bernard Myo (q. v.) joins

this stream

(13) Run Chiung, Toungoo.—This is said to have
-posstinlities  The tributary Sinmakadin has falls bub
storage would be necessary as the flow 1s very small

at the end of the dry season Map 94 A & B.

(14) Eyaulgyi Chaung, Shwegym.—Said to have
possibilities. Map 94 %/6, 13.

(15) Kyauksit Chaung, Yaw.—This rises on MMt
Victoria and has a very steep descent with a perennial
discharge  Map 84 H/3.

(16) Lam Pai Chaung.—~A tributary of the Haungtha-
raw, 25 mi S, of Kaw Kareik It rises on the Dawnas
at about 3,000 ft. and has a rapid fall. Map 94
L3,

(17 ) Lampar River.—Said to be perennial with a large

(18) Lemru River, Akyab.—This flows into Huuter 8
Bay and is eaid to have p in the * Unadmt
tered Area ™ Map 84 H/S, 17, 6,2. Downstream from
Pengwa the river has been examined withont success.

it
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North of that place there is a hair-pin bend which
would give a fall of 200 ft. with a 3-mile tunnel. The
discharge in April 1921 was 400 cusecs, but heavy floods
come down,

(19) Lenya River, Mergur.—Said to have power sites
and has a catchment of some 700 sq. mi.  Map 96 1/15,
16,

(20) Lelu Chaung, tributary of Mon.—Near Paungseik,
Shwegym District, there 1s a fall of 100 ft. with peren-~
nial flow. Map 94 B/14.

(21) Madaya River or Nampai, tributary of Irravaddy.
—This has a mimmum discharge of about 350 cusecs
near Mandalay and 200 cusecs S. of Kyauktalone. As
high up as Mogok it also has a good discharge anda
farly rapid fall of about 60 ft. a mie. As the bed
slope is mostly very even any development by canal
would be expensive ; but for hfting dam development
1t would probably be ideal as the stages would have
great storage capacity. The catchment at Gwe Kyaung
15 about 1,200 sq. mi. Map 93 B. There are some
rapids and falls as well as storage sttes

(22) Maisa Khaing Chaung —The site has not been

identified but two falls of 50 and 75 ft. are reported
near Kyaukpon. Also two falls of 40 and 100 ft.
higher up, known to the Karens as the Donwe and
Kyaukop falls. Map 94 2,
+ (23) Mals Hio—This is one of the main sources of
the Irrawaddy. At Lat. 26° 51' it contracts to a
width of 40 or 50 yards at Taping gorge. The perennial
discharge is very great and small falls are known, but
floods (unless regulated) would render development
difficult. Map 92F/12 to 16.

(24) Man Ruwver, tributary of Irrawaddy.~—Said to have
possibilities below, Ngape A discharge of 40 cusecs
was found near Payagyi on 7th Apnl 1919, but tke
river may dry up. There is a possibility of piercing
the watershed. The district is very unhealthy. Map
84 1,8, 12,

(25) Manipur Ruver, tributary of Myitthe—This is
stated to be good for about 3,000 kiV. but httle 1s
known about it. The stream has a quck descent
and is subject to heavy floods from a catchment of
4,000 sq. mi. The great Loktak lake pear Imphal in
Manipur is included, ard could clearly be used for
flood regulation. (Map 83 H.)

(26) Mawhal or Ledan Chaung, Kotha.—There is a
big fall reported on this stream 3 m. above Mawkan
railway station, mile 620. Above the fall there is a
flat open valley with no permanent cultivation, suitable
for storage. This would be required, as the stream
runs low in the dry weather. Map 92 D/2.

(27) Mindon or Maton Chaung, tributary of Irrawaddy.
—The upper reaches in Thayetmyo district are said



152

to be worth examination. Map 85 I. The catchment
is about 600 sq. mi.

(28) Mole River, tribulary of Irrawaddy —North of
the Taping this falls rapidly along the Chinese fronticr
and down & narrow gorge as it leaves the frontier.
Power of about 4,000 kW. could be cheaply obtained.

(29) Minpaw.—A 30,000 h. p. scheme has  been
mentioned, with a fall of 280 {t., but it is not identified.
May be the Nampaw on map 93 E/13 ?

(30) Mon River, tnbutary of Irrawaddy —This rises
in the high lands W of Mt. Victonia. The upper
reaches are said to be worth examination, but nothing
definite is known as to power sites  Below Hmimdingyin
and above the canal headworks at Mezali 1t is probable
that good storage sites may be found, useful both for
power and irmgation. The discharge at the canal
headworks in May 1919 was 450 cusecs and above the
junction with the Dwe Chaung 279 cusecs There 1s a
good slope 1 the higher reaches, but they are very
unhealthy. Catchment about 800 sq mm Some of
the tributary streams, especially that jommmng near
Dwe, loock favourable on the map (8% Lj2) Ths
tributary carred 48 cusecs near Paiksok m April 1919.

(31) Mu Rwer —The lowest recorded discharge 1s
95 cusecs ; locahity not known There may be possi-
bilities in the upper reaches. Map 81 M.

(32) Myaungcho Riwer, Thaledan Forest—Said to
have possibilities 28 mt. from Padaung, opposite Prome.
The discharge 1s not great but a fall of 1,000 ft. is

believed to exist.

(33) Myiitha River, tributary of Clindwin.—Near 1ts
junction with the Chindwin this niver, which includes
the Mampur River {g. v.), is sad to have a series of
rapids and & large discharge, but it is of doubtful value
except in the upper reaches above Kalewa. The
lower reaches are at times navigable, The catchment
area is about 10,000 sq. mi. A value of 2,000 kW,
has been taken, but this is very speculative and pro-
bably far below the mark. Map 81 1.
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12 ft. between Keng Kam and Na Makkaw. An
examination of the map (93 C/10, 11 and G/1 to 3)
shows considerable fall but it iz not known whether
a uceful head can be obtained in a reaconable distance,
The dry seazon discharge is said to he about 300 cusecs
from a catchment of about 1,000 &q mi.

(37} Nam Haw.—This falls inte the Salween below
Mahaung and is eaid to have power mtes, Map 93
I

/(38) Nami Chaung.—This tributary of the Chaungyi,

Nammeik and Shweli i3 believed to have a minimum
discharge of 8 cusees with a fall of 1,600 ft. or more,
Map 93 A/12. A branch of the same might also be
used.

(39) XNam Hla, tributary of Nam Lang—Fallson *".
stream near Mong Tung, N. Shan States, have been
mentioned.  (Map 91 F/4, 8, 12, 16))

(40) Namhpak Hia, tributary of Tuping and Shwel.—
This has a “good volume of water even in thedry
season.” At a place about 3} mi. from the Sinlun-
Monglwm road there is said to be a fall of 800 ft. in 3 mi,
(Map 92 H/7, 11.)

(41) Nam Hsawn or Nam Mong.—Said to have a
good fall and discharge above its junction with the
NRamma, Map 93 J/5.

(42) Nam Hsin.—Has been mentioned Map 93
Ff2.

(43) Nam Lam, tributary of the Shuweli.—This stream.
joins the river on the L. bank just above Kyusa and
16 m1. above Molo. It is reported to fall 2,000 ft. in
about 4 m1 in cascades of 20 to 100 ft. The stream.
is perennial, with o fair flow in April, and neighbouring
streams could probably be combined with it. Map
93 E/3.

(1) Namli HRa, tributary of N’Mai Hka, Bhamo.—
Rises at an elevation of over 8,000 {t. S. of Badon and
is said to have power sites. Map 92 G/14, 15.

(15) Nam Pan, tributary of Nam Teng.—Reported to-
have a dry weather discharge of 400 cusecs and a

(31) Myitnge Ruwer, tributary of Irrawaddy—Tart of
the lower reaches of this river was examined in 1920,
The hair-pin bend 20 1. E of Maymyo proved dis-
appointing, as the drop round it is only 20 ft. The
river is used for logging and carries a normal discharge
of the order of 5,000 cusecs. The floods rise 30 ft.
or 50 and it is very doubtful if the river can be used
unless it be higher up. )

(35) Nam Chit, tributary of Shieli~Said to be
perennial and to have falls of some 300 ft. {Map
83 Ej2.)

(36) Nam Et Rirer, tributary of Myitnge.—This is
known also as the Namlang in the lower reaches. The
river is reported to have falls varying in height up to

iderable fall near its junction with the Nam Teng.
Map 93 1/12, 16 ; /3, 4,7, 8.

(46) Namparga River, tributary of Chindwin.—Said to-
have a large discharge and rapid slope.

(47) Nam Pawn, tributary of Salween.—This tiver is-
navigable up to Lat. 19° and has a large perennial
discharge. There are falls between Hsatung and-
Karenni, but of no great height, and thers are probably
rapids in the upper reaches The catchment above
Lat. 20 is some 1,600 sq. mi. with rainfall of 40 to 50
in, Map 93 G, H.

(48) Nam Susa—Has possibilities, Map 93 A/12.

(49) Nam Tabet or Tabak Kha—This tributary of
the Irrawaddy is said to be worth examination neat”
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8ima, map 92 G/12  Where the Lwema Kha joins up,
2 m £ of Namlang, there 12 a gorge with a drop of
about 150 ft with a gond perennial discharge and
poesible storage ¢

(30) Nan Tavn ¢ hing —=Tin<1s sard to have a good
discharge and weveral falls  Map 93 11110, 11 14,15

(51 Nam Trng —In addition to the site mentioned
carher there 1s a further one reported nearcr the <ource,
with a fall of 150 ft

(52) Namyol Chaung. tributary of the Uyu and
Clindirtn —A perenmal stream with a farr discharge
and raid to fall between 2000 and 3,000t m 10 m
Map &30, P

(03) Nam Yom — Has been mentioned as possible
near it junction with the Nam Teng  Map 93 H/12, 16.

(53) Nawng Iftno Lake —At Wan Man 3 m N of the
junction of the Nam Tamppak with the Nam Pawn.
The hke 1s fed principally from springs at its northern
end and s~ reported to be deep  The discharge mto the
larger niver is by a swift stream now working several
country ol-nmlls  Probably 1,000 to 1,300 ft or more
head could be obtamed  Map 93 Ef5 and 92 H/¢ 8.

(G5) N Mathhe Ruer —One of the mawn sources of
the Irrawaddy It has many rapds and the discharge
18 large (2,000—4,000 cusecs ?) all the year round.
Map 92 G/10, 14, J/4, Ef1.

(56) Pathe Chaung, Toungoo —This may have enough
power for immedtate local needs, but 1s a small stream
without reservoir sites; it has been brought to notice
because 1t rices near Thandaung, where the rainfall
is over 200 m, Map 91 A/12

(57) Pun Rirer —Tlus tributary of the Irrawaddy
flows from the old volecano Popa, near Pakokko and
Yenangyaung. The catchment at Magyigon 1s about
40 #q. mv. only, but the stream is epring fed. Map
810/1,8, PJ2, 6.

(68) Pyu River, Toungoo.—This stream leaves the
hills by a gorge with a fall mn 1t, some 6} mi. from Pyu
railway station The dry weather discharge is very
rmall, but the stream is said to be wortl examination,
Map 9¢ Bf2, 6.

(99) Salin Ruver, tributary of Irrauaddy.—Reservoir
sites are satd to exist on this river and would be neces-
sary, a3 the rainfall 13 not great and the discharge of
the tributary stream« falls very low. Tlerc may be
povsibilities in the remote Mt. Vietona area. The
tributary which runs from Kodakham towards Laungshe
is said to be worth reconnaissance There is no defi-

nite wformation, but 1t is believed to be ggod for 750
kW. with storage.

(60) Saw Claung, Yaw.—The gorge above Saw and
75 mi. from Seikpyu can, it is said, be dammed to a
height of 80 or 100 5. There is & good dry weather
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flow and considerable fall in the upper reaches. (Map
81 K/4 and G/16)

(61) Shucgyin Chaung, sce Yunzalin River among
sites mmvestigated  This nver itself may also have
aites  Map 94 G/I3

(62) Sinma Kadin Chaurg, Toungoo.—A fall of 80
{t 1s reported on thre tributary of the Kun Chaung
(9 v) 24 m, from Pyu. It s perennial.

(63) Sinbo Sin Ma falls, Tavoy.—A series of small
falls  Map 95 J/7, etc

Tabal, Hla River—Sce Nam Tabet.

(61) Tandin falls, N. Arakan.—This river is used
for timber flotation and has a 60 ft. fall which may
be worth reconnasssance, Map 84D 2.

(65) Tenasservm River —Rapids and waterfalls are
reported in the upper reaches of this river. Map 9t
J, 0, P, L. Examination is in progress. Below
Mitta there seem to be no falls, but there are reservoir
sites which could be ufilized for hfting dams. The
discharge is not known,

(66) Yaw Riwer—This rises on Mt. Victoria range
ard 15 said to have a perenntal flow and a rapid bed
fall A dam site has been suggested where the stream
breaks through the Pondaung range of hills, 20 m.
from Pauk. Map 84 K/3, 7.

(67) Ye Pyan waterfall—This is on an unnamed
tnbutary of the Hpawngaw Chaung, about 20 mi. L.
of Maymyo and 4 m1. N. E of Hkelawng, The stream
falls from a platean at 4,000 ft. elevation and has a
sheer drop of about 1,000 ft. The discharge on 19
March 1920 was 6} cusecs, so that storage would be
required to make anything of the site. Map 93 B/I2,
16 R
(68) Yu River, {ributary of Chindwin.—There are
folls about 20 mi. up from the confluence which are
said to be worth examination. Map 83 L/3, 8, 12.

(69) Zamayi River—There is a waterfall in forest

-compartment 91 and the river is believed to be worth

prospecting  Map 94 G.

(70) Zingyaik Chaung, Thaton —Although this runs
dry for some months reservoir sites may, it is antici-
pated, be found. There is a good fall. Map 91 J/8.

115. Central Provinces ; areas not investigated.—
Of the sites on pages 84-83 and in the supplement
of the Preliminary Report, the following do not appear
to have been examined so far. The only information
available is that in the place quoted,”the relevant parts
of which are reprinted here:

(1) Ban Riter, tributary of Purna, near Wari. This
flows from the Gawilgarh INlls, Satpura Range, near
the border of Jalgaon and Akot taluks, map 55 C/12, 16,
There is said to be a natural fall of €0 or 70 ft which
can he increased by rapids or a dam er Loth. The

4
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to be worth examination. Map 85 I, The catchment
is about 600 sq. mi.

(28) Mole River, tributary of Irrawaddy—North of
the Taping this falls rapidly along the Chinese frontier
and down a narrow gorge as it leaves the frontier.
Power of about 4,000 kW, could be cheaply obtained.

(29} Minpaw—A 30,000 h. p. scheme has  been
mentioned, with a fall of 280 ft , but 1t 13 not identified.
May be the Nampaw on map 93 E/13 ?

(30) Mon Ruwer, tributary of Irrmwaddy —This rises
in the high lands W. of Mt. Victoria  The upper
reaches are said to be worth examnation, but nothing
definite is known as to power sites.  Below Hmmdingyin
and above the canal headworks at Mezall it is probable
that good storage sites may be found, useful both for
power and irmgation The discharge at the canal
headworks in May 1919 was 450 cusecs and above the
junction with the Dwe Chaung 279 cusecs  There is a
good slope 1n the higher reaches, but they are very
unhealthy. Catchment about 800 sq mi Some of
the tmibutary streams, especially that jomning near
Drwe, look favourable on the map (8% L/2) This
tributary carried 48 cusecs near Parksok m April 1919,

(31) Mu Raver —The lowest recorded discharge is
95 cusecs ; locality not known. There may be possi-
bilities in the upper reaches. Map 81 M.

(32) Myaungcho Ruwer, Thaledan Forest —Said to
have possibilities 28 mi. from Padaung, opposite Prome,
The discharge 1s not great but a fall of 1,000 ft. is

believed to exist.

(33) Myittha River, tributary of Clanduin.—Near its
junction with the Chindwin tlus niver, which includes
the Manipur Raver (q. ¥.), 15 said to have a series of
rapids and a large discharge, but it is of doubtful value
except 1n the upper reaches above Kalewa. The
lower reaches are at tmes navigable. The catchment
area is about 10,000 sq. mi. A value of 2,000 kW,
lias been taken, but this is very speculative and pro-
bably far below the mark. Map 81 I

(34) Myitnge River, tributary of Irrmweaddy.—Tart of
the lower reaches of thus river was examined in 1920,
The hair-pin bend 20 mi. E. of Maymyo proved dis-
nppoimin as the drop round it is only 20 ft. The
river is used for lowgm« and carries a normal discharge

of the order of 5,000 cusecs The floods rise 30 ft.
or so and it is very doubtful if the river can be used
unless it be higher up.

(35) Nam Chit, tributary of Shweli~Said to be
perennial and to have falls of some 300 ft. (Map
93 Ef2.)

(36) Nam Lt River, tributary of Myitnge—This is
}nown also as the Namlang in the lower reaches, The
viver is reported to have falls varying in height up to
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12 ft. between Keng Kam and Na Makkaw, 4
examination of the map (93 /10, 11 and G/1 to 3;
shows considerable fall but it is not known whet' .
a useful head can be obtained in o reaconable distance
The dry seazon discharge is said to be about 300 cusc..
from a catchment of about 1,000 sq. mi.

{87) Nam Haw.~This falls into the Salween below
Mabaung and is said to have power sites, Map 97
Jj.

{38) Nami Chaung.—This tributary of the Chmmgyx,
Nammetk and Shweli is believed to have a  *°
discharge of 8 cusecs with a fall of 1,600 ft. or more.
Map 93 A/12 A branch of the same might alio
used.

(39) Nam Ika, tributary of Nam Lang.—Falls on thi.
stream near Mong Tung, N. Shan States, have be.
mentioned. (Map 93 F/4, 8, 12, 16.)

(10) Namhpal Hla, trbutary of Taping and Shweli.
This has a " good volume of water even in the dry
season.” At a place about 3} mi from the Sinlun-
Monglai road there is said to be a fall of 800 ft. in 3 mi.
(Map 93 H;7, 11.)

(41) Nam Hsawn or Nam Mong—Said to have a
good fall and discharge sbove its junction with the
Namma. Map 93 J/5.

(42) Nam Hsin—Has been mentioned. Map 93
Fj.

(43) Nam Lam, iributary of the Skuweli,—This stream
jomns the niver on the L. bank just above Kyusa and
16 mt. above Molo It 13 reported to fall 2,000 ft. in
about 4 m1 m cascades of 20 to 100 ft. The stream.
is perennial, with a fair flow in April, and neighbouring
streams could probably be combined with it. Map
93 E/3.

(44) Namli Hka, tributary of N'Mai Hila, Bhamo—
Rises at an elevation of over 8,000 ft. 8. of Badon and
is said to have power sites. Map 92 G/14, 15.

(45) Nam Pan, tributary of Nam Teng.—Reported to
have a dry weather discharge of 400 cusecs and a
considerable fall near its ]unctxon with the Nam Teng.
Map 93 H/12, 163 1/3, 4,7, 8

(16) Namparga River, tnbutary of Chindwin—Said to
have a large discharge and rapid slope.

(47) Nam Pawn, tributary of Sahceen—This river is
navigable up to Lat. 19° and has a large perennial
discharge. There are falls between Hsatung and-
Karenni, but of no great height, and there are probably
rapids in the upper reaches, The catchment above
Lat. 20° is some 1,600 5q. mi. with rainfall of 40 to 50
in, Map 93 G, H.

{48) Nam Susa —Has possibilities. Map 93 Af12.

(49) Nam Tabet or Tabak Kha—This tributary of
the Irrawaddy is said to be worth examination near
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Sima, map 92 Gf12, Where the Liwema Kha joins up,
2 mi E of Namlang, there 15 a gorge with a drop of
shout 150 ft with a good peresmal discharge and
poesible storage

(50) Nam Tarn Clang —Tlis s said to have a good
diccharge and saveral falls  Map 93 1110, 11, 14, 15

(51) Nam Trng —In addition to the site mentioned
carlier there 1= a further one reported nearer the source,
with a fall of 1530 ft

{52) Namyol Chwng, trbuiary of the Uyn and
Clandvin —A perenmal <tream with a fair discharge
and sard to fal! between 2000 and 3000 ft m 10 m1
Map&30,D

(33) Fam Yom —Ha< heen mentioned as posable
nearts punction with the Nam Tenz  Map 93 H/12, 16,

{51) Mawng Man Inde —At Wan Man 3 mu N of the
Junetinn of the Nam Tamppak with the Nam Pawn
The Inke 1s fed principally from springs at 1ts northern
end and 1« reported to be deep The discharge nto the
larger niver 19 by a ewtft stream now worhing several
country oil-mills  Probably 1,000 to 1,300 ft or more
head could be obtained  Map 93 I1/5 and 92 H/4 8

(55) N Mal ke Bver —One of the main sources of
the Irrawaddy It has many rapids and the discharge
is large (2,000—4,000 cusecs ?) all the year round
Map 92G/10,14, /4 K/1

{56} Pathe Chaung, Toungoo —This may have enough
power for immediate Jocal needs, but 1s a small stream
without reservoir sites, it has heen brought to notice
because 1t rices near Thandaung, where the ramfall
18over 200 Map 94 A/12

(57) Piw River —This tmbutary of the Irrawaddy
flows from the old volcano Popa, near Pakokko and
Yenangyaung The catchment at Magyigon 1s about
40 sq. mv. only, but the stream is spring fed Map
81 0/4,8; /2,6

(58) Pyu Rirer, Toungoo.—This stream leaves the
Lills by a gorge with & fall in it, some 61 mi. from Pyu
railway station The dry weatler discharge is very
small, but the stream 1s said to be worth tron
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flow and considerable fall in the upper reaches, (Map
81 K/4 and G/16).

(61) Shuwegyin Claung , see Yunzalin River among
aites mvestigated.  This niver itself may also have
sites Map 94 G/13.

(62) Sinma Kadin Chaung, Toungoo.—A fall of 80
ft 1s reported on this tributary of the Kun Chaung
(q v)24mi fromPyu It s perennial.

(63) Stnbo Swn Ma falls, Tavoy—A series of small
falls  Map 95 J/7, etc.

Tabal IHia River —Sec Nam Tabet

(61) Tandin falls, N. Aralan —This river is used
for trmber flotation and has a 60 ft. fall which may
be worth reconnaissance. Map 84D 2.

(65) Tenasscrun Iuver —Rapids and waterfalls are
reported 1 the upper reaches of this river. Map 94
J, 0, P, L Exammation 18 1 progress, Below
Mitta there seem to be no falls, but there are reservoir
sites which could be utilized for lifting dams, The
discharge is not known,

(66) Yaw Rwer —This rises on Mt Victoria range
and 1< said to have a perennial flow and a rapid bed
fal. A dam site has been suggested where the stream
breaks through the Pondaung range of hills, 20 m.
from Pavk Map 84 K/3, 7.

(67) Ye Pyan waterfall —This is on an unnamed
tributary of the Hpawngaw Chaung, about 20 mi. E.
of Maymyo and 4 mi N E of Hkelawng. The stream
falls from a plateau at 4,000 ft elevation and has a
sheer drop of about 1,000 ft. The discharge on 19
March 1920 was 61 cusecs, so that storage would be
required to make anything of the site. Map 93 B/I2,
16 -
(68) Yu River, tributary of Chindwin.—There are
falls about 20 mi. up from the corfluence which are
said to be worth examination. Map 83 L/3, §, 12.

(69) Zamayi River —There is a waterfall in forest

-compartment 91 and the river is believed to be worth

prospectmg  Map 9t G.
(70) Z: ik Chaung, Thaton.—Althongh this runs

Map 94 Bf2, 6.

(59) Salin Raver, tributary of Irrawaddy —Reservoir
sites are gaid to exist on this river and would be neces-
sary, as the rainfall is not great and the discharge of
the tmbutary streams falls very low. There may be
possibilities in the remote Mt. Vietoria area. The
tributary which runs from Eodakham towards Laungshe
is said to be worth reconnaissance There is no defi-
nite mformation, but it is bekeved to he ggod for 750
kW. with storage.

(60) Saw Chaung, Yaw.—The gorge above Saw and
75 mi, from Seikpyu can, it 15 said, be dammed to a
height of 80 or 100 ft. There is a good dry weather

dry for some months reservoir sites may, it is antici-
pated, be found. There is a good fall. Map 91 J/8.

115. Central Provinces ; areas not investigated.—
Of the sites on pages 84-88 and in the supplement
of the Preliminary Report, the following do not appear
to have been examined so far. The only information
available is that in the place quoted,:the relevant parts
of which are reprinted here:

(1) Ban Riter, tributary of Purna, near Wari. This
flows from the Gawilgarh Hills,. Satpura Range, near
the border of Jalgaon and Ahot taluks, map 55 C/12, 16,
There is said to be a natural fall of 60 or 70 ft which
can be mncreased by rapids or a dam or both. The

v



154

catchment is 130 &q mi and the stream does not
entirely dry up  Reservoir sites are said to exist. The
annual rainfall is small (ahout 30 m ) and precarious.

(2} Bearma Ruver, tributary of Ken, at Khumergar.
Here there 1s said to be a favourable reservoir site with
a catchment of over 400 &g m1 below the june-
tion of the Sonar, where a flood discharge of 235,000
casecs has been recorded  The site is en map 55 M.
near Damoh, and the ramfall during the monsoon is
ahout 43 m but 1s liable to practical failure

(3) Bevae Rwer —Sard to be worth exammation,

(4) Chornax River, at Uprora  This 13 near Bilaspur,
map 64 J/10, and there is beheved to be a reservoir site
with a catchment of 150 =q. m: and some perenmal
flow. A fall of 100 ft 15 mentioned The monscon

rainfall averages about 50 mn, and Mr. Batchelor
behieved that 8.000 hp. could be obtamed This is
very doubtful. .

(5) Darekasa Waterfall, Gondia, This 1s situated in
hilly country near the railway station of Gondia, Bengal
Nagpur Railway, map 64 C/11, 12 The stream dries
up and no information is available as to storage

(6) Denwea Rizer —No information

(7} Deo Rurer, Balaghat —This mses on the Bashar
platean and flows mto the Wamngunga. Near Bhanpur
the catchment 15 120 sq mi. (Map G4 Cf5, 6, 9)

(8) Lrar Rirer. trbutary of Wardha, near Chanda.
Reservoir sites are mentioned 12 m N of Chanda.
The catchment 13 about 300 &g mu  and small falls
are known, (Map 35 P/4, 8)

(9) Ghisarr River, near Dhansura. There 13 said to
be a natural fall here of “ several hundred feet,” but
the stream practically dries up. It bas not been
identified,

(10) Qogra Ruver, near Sohagpur. There are said to
be rapids Lere, but nothing is known as to the site.

(11} Hasdo River, near Chhuri and Korba—See note
below (30.) Reservoir sites are suggested where this
river leaves the hills, with a catehment of 2,800 sq .
at Garaghat, clovation 1,000 ft. 10 mles N, of
the railway there are rapids with a perennial flow
(unspecified).

(12) Kankan Riter, at several pomts. An irrigation
scheme was prepared involving a reservoir on this river
{which the Pench joins higher up) a few miles north of
Nagpur, but it fell through, The site may be worth
reconsideration for power purposes in combination
with irrigation from the tail waters, No details are at
prfwont fnown, except that the site is near the junction
with the Wamgunga, above the willage of Ambhors,
and 8 8 of Bhandara, where any large fall is

unlikely. Rainlall over catchment 35 to 40 inches
Detween June and September. (Map 55 0/12.) The
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catchment at the 2,000 {t contour i 178 <q
mi, increaced, before the junction with the Te
to about 1,200 sq. mi. Four other points «
this niver between  Khapa and the above were als
referred to. (Map 05 K/16; 0f3, 8.)

(13) Kapadhana Falls, below Amarkantak.  These arc
said to be about 100 ft , but nathing further is known

(14) Machna River—Said to be worth examination.

(16) Madn Rirer, tributary of Wardha, at Destaur-
It is smd that storage can be obtained here from 2(
&q mi of catchment. Map 53 G/151

(16) Mhas Rirer, between Waigaon and Hingna, .
small storage 13 indicated here, in Nelgaon distric

(map 55 D). Posaibly the Mun and Paingunga  river
conld be developed nto this, which would increase th
catchment from 90 to 150 sq. mi.

(17) Mungari (?) Ruwer, near Bilaspur. An ok
irngation project here may be worth revising for pow..
Map 61 J.

(18) Murna or Morna Ruter, at Shaihla.  There issa”
to be 8 reservoir site here, 16 mi 8. of Akola
map 55 D/156 and H/3. The nver nearly drie
up.

(19) Nagdooarr River—Said to be worth examin
ation

(20) Nimgahan—At an elevation of 2,700 ft. ther:
is said to be a perennial stream with a rapid drop o©
1,000 ft

(21) Patne River —Said to be worth examinati .

(22) Pench River—(See also Silewani Ghat scheme
There 13 said to be a storage cite at Bhiwagarh, 22 my
N. of Nagpur, with a catchment of 1,700 sa
mi. The catchment is 527 sq. mi. at th
2,000 it contour, (Map 55 0.}

(23) Rakshadah Fall, near Berar Pani, This is ¢
the border of the Lurmi range and Mandla ditrict, an
there is said to be a fall of 1,300 ft in a mile.

(24) Son  Rirer, near Lang and Byjagarh. N
information is available, but this is smd to be wertt
reconnaissance N.-E  of the place named. (3"
61 C)

(25) Son-bhadra River~Said to be worth .-
tion.

(26} Tan Riter, at Tendra. This is near Bilas,
(map 61 F). A reservoir site is indicated at an ol
tion of 2,000 ft, with a rapid fall of 700 ft, ner
Marai  (Map 61 F.)

(27) Tawa Ruer, at Bagra. This is near HN
Great Indian Peninsula Railway on map 55 F/!
There may be favourable sites near the junctis
with the Denwa River. .

(28) Uskal River, Balaghat ncar Udwa, There *
said to be a fall of 1,000 ft in a reasonable distance«
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the rver, which 1= perennial, and a conaiderable reser-
vorr ate s ndicated  The catchment ahove the
junction swath the Nahara e 130 sq mr and
conciderable parwer 15 indicated.

(2%) Wamqgunga Rier —This 1~ worth reconnais-
«inee The catchment above 2000 ft sq
my and above LOOO{t 1600 < mn

Ac will be seen elsewhere m this Report pearly all
hvdre clectric projects 1 the Central Provinees have to
depend on storaze for a good ot months n the vear |
perenmal nivers are few and far between and the annual
ramfall 1s precanons and very vanable  Ktorage sites
are however found on many river- and not a few of them
would he reasontbly cheip ta develop  Carry over
storaze for bl ~easons would generatly be required
(serparas 2T to 0 00 and this sulladd to the capatal
cost of ruch projects  On the other huxl water storage
{or 1rmization 1~ the clinel need of the provinee, 1o view
of 1t~ famnne record  There 1+ therefore a reasonable
prospect of combimuy forces for both purposes even
though ther needs are somewhat dissmlar For
wrgation the demand v mtermrttent and seasonal,
for power the draft o~ fanrly continuous all the year
round  H both purposc- ate 1o be ~erved at 15 pecessary
to ympound the tal waters after passing through the
turbmes, until they are wanted 1 the rrgation chan-
nels This means additional cost, but does not neces-
sarily kall the rchemes

(30) In this comnection Mr Clayton, late Chief
Lngmeer, Bibar and Orissa, pomted out that a site had
been 1nvestigated on the Ha-do (erther in the Central
Provinces or 1n Bihar and Onssa) with a catchment of
1,700 5q mi and o wtorage capacity of 5,900
m c ft with a 90 ft dam, and further posstbilities
with a lugher dam  Tlis may be the place on map
G4 J/9, 10 above Chliurr and Korba, mentioned 1n the
Preliminary Repost. The officer who actually mves-
tigated the Hasdo reported that “ mine mules N. of
Champa, and 28 mi above its junction with the
Mahanady, the channel of the Hasdo 1s almost choked

up by a lugh 1rregular bar of rocks which extend from
Deott on the R bank to Clukbenla on the L.
bank.” There may be good falls here

(31) Mr. Clayton also pointed out some time ago that

when the Jonk storage (4. v. in para 112) was investi-
gated several other reservoir sites were examined on the
tributaries of the Mahanad, all of which are on record

in the Province. Of these the Mand site (61 N and O)

hud a catchment of 1,910 sq. mi und a capacity

of 10,000 m c.ft and the Tel site (map 61 P) a catel-

ment of 3,600 sq . and a capacity of 33,000

m. c. ft, both dams bemg 90 ft. high only,

‘These are in the Central Provinces apparently.
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116. Kashmir ; areas not investigated.—As Kash-
mir already has more existing and dev cloped power than
can be utilized (para 63), together with two known
sites of great capacity (para 101), it has so far not
been necessary to look further afield

(1) Chenab River —The known Riazi site 1s referred
to under * Sites examined,” but the great tmbutaries
of this niver undoubtedly contan much farther power.
They are unnamed on the Atlas sheets ; but the largest
one, jomming up on map 43 0/11, 15, 1s snow-fed from a
very large catchment and falls rapidly from the high
peaks down to about 3,600 ft. at the junction.

(2) Kishenganga Ruver, tributary of Jhehon.—This
snow-fed river has a catchment of over 2,000 sq
mi. all at high altitudes, out of the 13,000 sq.
m of Himalayan catchment of the main river. Its
valley 15 *‘ throughout very precipitous, and for the
greater part little better than a chasm m the moun-
tams  Its basm is peculiarly narrow and clongated,
being 1 places only 17 mt wide from water parting to
water-parting "* There 13 undoubtedly large power
to be obtamned from this river, even in its lower reaches,
1t joms the Jhelum at Muzaffarabad, in the middle of
the loop referred to under that river.

(3) Punch Rwer, tributary of Jhelum —This river
jomns the mam river m the plains. Above Kotly, where
the catchment 1s some 1,100 sq mt, there is Likely
to be large power available The river nises 1 the Pie
Panjal range, at altitudes between 11,000 and 16,000
ft , so that 1t will be snow-fed to a considerable extent
during the hot weather. The mimmum discharge
recorded since 1916 ia 300 cusecs at Tangrot and the
maximum 270,000 cusecs,

117. Madrasg; areas not investigated.—The follow-
ing sites are mentioned, on nformation of more or less
definiteness, as having possibihittes, but they have not
been examned as yet,

(1) dnamalay Halls, Abyar Rever, Covmbatore District,
and Sholiyar (or Suruly) River—In the Prelinunary
Report, page 89, mentton was made of two possible sites,
neither of wlhich has been examined. Mr. Tate hopes
to vsit the Aliyar River tlus year; the site 15 at Lat.
10° 23 Long. 77° 00 near the boundary of squares B/15
and /3 of map b8 It has been stated that of the total
fall of 2,000 {t 500 ft could be utilized; but the
actual head may be anywhere between the-e Inmts
The mintmum discharge 15 believed to be about 6 cusees.
The catchiment area is not known, but the rafall from

Apnil to November is between 40 and 73in  und
discharges up to 800 cusces are mentioned. Probably
from 1,000 kW: or more, continuous, can be

developed with storage.

* Burrard and Hayden, op. cif, puoe 170
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catchment is 130 sq mu and the stream does not
entirely dry up. Reservoir sites are smd to exist. The
annual ramfall is small (ahout 30 m.) and precarions.

(2) Bearma River, tributary of Ken, at Khumergar.
Here there is said to be a favourable reservoir rite with
a catchment of over 400 sq. m1 below the junc-
tion of the Sonar, where a flood discharge of 233,000
cusecs has been recorded The smte is on map 55 M.
near Damoh, and the ramnfall during the monsoon is
about 43 1 but 13 hable to practical farlure

(3) Bewas Riwwer —8md to be worth exammation,

(4) Chornar Raver, at Uprora  Ths 13 near Bilaspur,
map 61 J/10, and there is behieved to be a reservoir site
with a catchment of 160 s,g mt and some perenmal
flow. A fall of 100 ft 1s mentioned. The monsoon
rainfall averages about 50 m, and Mr Batchelor
believed that 8,000 h.p. could be obtained This is
very doubtful .

(5) Darelasa Waterfall, Gondia. This 1s sitnated in
hilly country near the railway station of Gondia, Bengal
Nagpur Railway, map 64 C/11, 12 The stream dries
up and no mformation is available as to storage.

{6) Denwa Rivcr —No information,

(7} Deo River, Balaghat —-This mises on the Baihar
plateau and flows mto the Wamngunga  Near Bhanpur
the catchment 15 120 sq mi  (Map 64 C/5, 6, 9.)

(8) Erar Ruer tnbutary of Wardha, near Chanda
Reservoir sites nre mentioned 12m N of Chanda.
The catchment 15 about 300 sq mu and small falls
are known  (Map 35 P/4, 8)

(9) Glasart Rucr, near Dhansura, There 1s said to
be a natural fall here of “several hundred feet,” but
the stream practically dries up It has not been
identified.

(10) Gogra Ruver, near Sohagpur. There are said to
Le rapids Lere, but nothing is known as to the site.

(11) Hasdo Iver, near Chhuri and Korba—Ses note
Lelow (30.) Reservorr sites aro suggested where this
niver leaves the Iulls, with a catchient of 2,800 sq mi
at  Garaghat, elevation 1,000 ft. 10 miles N of
the railsay there are rapids with a perennial flow
{unspecified).

(12) Kankan River, at several points. An irrigation
echiewe was prepared involving & 1eseryorr on this river

(which the l'ench joins higher up) a few miles north of
Nagpur, but it fell througk. The site may be worth
refnncidcmﬁﬁh for power purposes in combination
with frrication 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,
ond Bumi § of Bhandara, where any large fall is
unlikely. Ramfall over catchment 35 to 40 inches
between June and September. (Map 55 Of12) The

WATER POWER RCSOURCLS,

[Para, 115.

catchment ot the 2,000 {t contour is 178 sq.
mu, increased, before the junction with the Pench
to nbout 1,200 sq mi. Four other points on
thig river between Khapa and the nbove were also
referred to. (Map 55 K/16; 0/3,8.)

(13) Kapadhnna Falls, below Amarkantak, Theseare
said to be about 100 ft., but nothing further is hnown,

(14) Machna River—~Snd to be worth examination,

(16) Madn Ruver, tnbutary of Watdha, at Destaura.
It 1s said that storage can be obtained here from 200
#q mi. of catchment. Map 85 G/15%

(16) Mkas River, between Waigaon and Ilngna. A
small storage 1s indicated here, in  Nelgaon district
{map 55 D). Pos<ibly the Mun and Paingunga rivers
could be developed into this, whick would increase the
catchment from 90 to 450 eq mu.

(17) Munyars (1) Ruer, near Bilaspur. An old
ingation project here may be worth revising for power.
Map 64 J.

(18) Murna or Morna River, at Shaikla, There i< said
to be a reservorr site here, 16 mi 8. of Akola,
map 55 D/156 and H/3 The river nearly dries
up.
(19} Nagdooari River —Said to be worth examin-
ation

(20) Nimgahan—At an elevation of 2,700 ft. there
is said to be a perenmal stream with a rapid drop of
1,000 it.

(21) Patna River —Said to be worth examination.

(22) Pench Rwer.—(See also Silewani Ghat scheme.)
There 1s saad to be a storage site at Bliwagarl), 22 mi.
N. of Nagpur, with a catchment of 1,700 sq.
mi.  The catchment is 527 sq. mi. at the
2,000 ft. contour. (Map 55 O)

(23) Rekshaduh Fall, near Berar Pani, This is on
the border of the Lurmu range and Mandla district, ond
there 18 said to be a fall of 1.300 ft. in a mile.

(24) Son River, near Langt and Bijagarh. No
information 15 available, but this is said to be worth
reconnaissance N-E. of the place named. (Map
61 C)

(25) Son-bhadra Rirer—Baid to be worth examina-
tion,

(26) Zan Ruver, at Pendra. This 1s near Bilaspur
(map 61 F). A reservoir site is indicated at an eleva-
tion of 2,000 ft, with a rapid fall of 700 ft, near
Marai (Map 61 F.) X

(27) Tawa Riter, at Bagra. This is near Itars,
Great Inthan Peninsula Railway on map 55 F/H
There may bo favourable sites near the junction
with the Denwa River. .

(28) Uskal River, Balaghat near Udwa. There 18
said to be a fall of 1,000 ft 10 & reasonable distance 02
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the nyver, which 1s perenmal and a con<iderable reser-

ver e 3 ndicated - The catchment ahove  the
junction with the Nahara 3¢ 130 ¢q m1 and
cancidrrable power s indicated

(2%) Wamqunga Loer This 1= worth reconnars-

pou

sanee The catchment above 2000 ft 15 275
mt and above 1O ft 1500 <
A will be <een elsewhere 1 this Heport nearlv all
hvdro-clertric projects in the Central Provinces have to
depend on storage for a good manv months in the vear,
perennial rivers are few and far between and the annual
ramfall 14 precanious and verv vanable  Storage sites
are however found on many nvers and not a few of them
would be reasomably cheap to develop  Carry-over
rtoraze for bad serons would generallv be required
(soe paras 25 to 0w and thins wall add to the captal
cost of ruch projects On the other hand, water storage
for irogation 15 the elief need of the provinee, in vien
of 1t~ famine record There 1o therefore a reaconable
prospect of combimmg forces for both purposes, even
thouzh therr needs are somewhat dissnular. For
wrzation the demand 15 intermittent and seasonal,
for power the draft i~ farrlv continuous all the year
round I both purpuscs are to be served 1t 13 necessary
to ympound the tail waters after passing through the
turbines, until they ure wanted n the irngation chan-
nels  This means additional cost, but does not neces-
tanly Ll the scheme~
(30) In this connection Mr Clayton, late Chief
Lngineer, Bibar and Onissa, pointed out that a site had
been 1nvestigated on the Ha-do {esther mn the Central
Provinces or 1n Bikar and Onssa) with a catchment of
1700 »g mi and o storage capaaty of 5,900
m ¢ ft with a 90 ft datn, and further possibilities
with a higher dam This may be the place on map
61 J/9, 10 above Chhun and Korba, mentioned 1n the
Preluninary Report The officer who actually nves-
tigated the Hasdo reported that “mmne mules N of
Champa, and 28 m: above its junction with the
Mahanadi, the channel of the Hasdo is almost choked
up by a lugh irregular bar of rocks wluch extend from
Deorr on the R bank to Clukbenla on the L.
bank.” There may be good falls here.

(31) Mr. Clayton also pointed out some titne ago that
when the Jonk storage (q. v. in para 112) was investi-
gated several other 1eservoir sites were examnmed on the
tributaries of the Mahanadi, all of whick are on record
in the Province  Of these the Mand site (61 N and 0)
had a catchment of 1,910 sq mi. and a capacity
of 10,000m e ft and the Tel site (map 61 P) a catch-
ment of 3,600 sq. mi and a capacity of 33,000
m. c. ft, both dams being 90 ft. high ouly,
These arc mm the Central Provinces apparently,

£
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116, Kashmir ; areas not investigated.—As Kash-
mur already has more exssting and des eloped power than
can be utthzed (para 63), together with two known
sites of great capacity (para 101), it has so far not
been necessary to look further afield

(1) Chenab River —The known Riaz site is referred
to under ** Sites examned,” but the pgreat tributaries
of thix niver undoubtedly contain much further power.
They are unnamed on the Atlas sheets, but the largest
one, Joiting up on map 43 0/11, 15, 1s snow-fed from a
very large catchment and falls rapidly from the high
peaks down to about 3,600 ft at the junction

(2) Kishenganga River, tributary of Jhelum.—This
<now-fed mver has a catchment of over 2,000 sq.
mi, all at lugh altitudes, out of the 13,000 sq
m of Himalayan catchment of the main nver. Its
valley 15 * throughout very precipitous, and for the

greater part hittle better than a chasm in the moun-
tains  Its basmn is peculiarly narrow and elongated,
being 1 places only 17 mu, wide from water parting to
water-parting.”’* There is undoubtedly large power
to be obtamed from this river, even 1n 1ts lower reaches.
It jons the Jhelum at Muzaffarabad, in the middle of
the loop referred to under that river.

(3) Punch Rwer, tributary of Jhelum.—This niver
Joins the mam river m the plains, Above Kotli, where
the cotchment is some 1,400 sq. mu, there is likely
to be large power available. The river nises m the Prr
Panjal range, at altitudes between 11,000 and 16,000
ft, so that 1t will be snow-fed to a considerable extent
during the hot weather, The minimum discharge
vecorded since 1916 i3 300 cusecs at Tangrot and the
maximum 270,000 cusecs.

117. Madras; areas not investigated.—The follow-
ing sites are mentioned, on information of more or less
definiteness, as having possibihties, but they have not
been examined as yet.

(1) dnamalai ILlls, Alsyar River, Coumbatore District ;
and Sholiyar {or Surub) Rwer—In the Prelminary
Report, page 89, mention was made of two possible sites,
neither of which has been examined. Mr. Tate Lopes
to visit the Aliyar Ruver this year; the site is at Lat.
10° 25 Long. 77° 00 near the boundary of squares B15
and Ff3 of map 58, It has been stated that of the total
fall of 2,000 ft 500 ft could be utdized; but the
actual head may be anywhere between these lints,
The minimum discharge is believed to be about 6 cusecs.
The catchment area is not known, but the rainfall from
Apnl to November is between 40 and 75in. and
discharges up to 800 cusecs are mentioned. Probably
from 1,000 kWs or more, continuous, cam be
developed with storage,

Durmand wod Hayden, ope e, poge 10
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[s The Kalisnapandal Falls in the Sholiyar River may
or may not be another name for the same site. A
minimum discharge of 6 cusecs with a fall of 300 it
is on record, but the fall may be capable of extension.

(2) Bhavani River, Coimbatore District—The falls
near Thondai, 22 mi from Comnbatore and 13 mu.

{rom Metapollaiyam, are ioned on page 89 of the
Preluninary Report. The site 1s at Lat 11° 15 Long.
76°30’ on map 58 A. The site1s near the  Silent Valley”
stte (g. v.) and may be the same. Mr. Tate hopes to
Vasit it this year. The falls are saad to be about 50 t.
The catchment ares 1s given as 400,sq. mi and
the rainfall is not known between the 20 and 75 .
himts. Discharges are believed to vary from 3,000 to
40 cusecs,

In the Malabar District (loc. c2t } a fall of 2,500 {t n
3. 15 shown on the maps in the upper reaches of
this river, 46 mu. from Coimbatore and 21 mu from
Qotacamund. No other detmls are known

(3) Kavindinganadly  Rwer, Chtoor and N.
Areot.—The Mardana falls are 17 m from Gudia-
tham Ralway Station and 3 mi. from Mardana, The
fall i3 about 700 fv

(4) Kolakambe waterfall, Nalgire Hulls—This is near
the Karten River (. v.), on map 58 Aj11, 12 By
means of a tunnel 1,000 ft head could, 1t 15 beheved,
be obtamed. The minimum flow 1s said to be 10 cusecs
and storage is possible. It 1s beheved to be good for
some 2,000 kW.

(6) Nurpurya Rier, Nilgiris.—This 1s mentioned m
the Preluninary Beport, page 91, but has not yet been
visited. The site 1s near Cherambadr village, near
Glenrock Tea Estate, Wynaad.

(6) Silent Valley Forest lieserve, South Mualabar
Distriet.  (Map 58 Af8.)—As stated on poge 91 of the
Preliminary Report, there are unexamned possibilities
here ; 8 reservoir site i3 known to exist, with ramfall of

about 150 in. in the catchment and a * considerable
drop " into the plains 8. of Mannaghat. The ofhcer
i charge of the survey hopes to visit the site this year.
{See also Bhavani R.)

(7) Singamputts scheme, Madura District.—Nothing
is kuown of this at present, .

118. North-West Frontier; areas not investi-
gated.—There has beén no survey in the North West
T'routier Province so far, and it is doubtful whether the
cost of any such general survey would be warranted.
The area is largely wild and uncivilized, subject to
{m]ucn.t raids, and laching in present or prospective
industries It is possible that minor projects may
h?"“hc' be developed for special purposes, but the
difficulty of guarding transmission lines would remain,
In the Prelimimary Report, page 94, certain rivers were
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mentioned ; and for the sake of completeness these may
be summarized again lhere, with some additional
remarks,

(1) Indus River—This becomes a North-West Frontier
Province River above Attock, where 1t first cnters the
Pupjab plains. The minimum discharge ever recorded
ot Kalabagh is 18,870 cusecs. It is unlikely that the
river will ever be harnessed for power in the North-West,
and it is probable that the cost would in any case be
prohibitive, The only possible methed of develop-
ment would be by means of series of lifting dams, as
explamed in para. 31 of this Report. Mere how-
ever the maximum flood discharge, reckoned at about
one millton cusees, would have to be allowed, for it is
exceedingly unlikely that sny point could be found
where flood regulation would be possible, at least within
reach of eivilization. The lighest discharge in the last
20 years, at Kalabagh, was 800,000 cusecs. In the
absence of such regulation the tail waters in flood times
would almost certainly rise so that most of the head
would disappear, There 13 information regarding the
gradient of the mver in Part 111 of Burrard and Hayden's
well kmown work * from which it appears to average
some 17 ft. a mile for hundreds of miles above Attock.
1f therefore development by lifting dams were possible
1t would provide continuous power on the munimum
flow of the order of 20,000 kW. per mule rum, or
over 2 mlhion kW 1 the 120 mu between Attock
and the entry of the river into Kashmir territory.

It 15 nteresting to note {from the work cited above)
that the great flaod of 1841 was caused by the breaking
down of o landslip-dam 1,000 {t. high in the Gilgit
region, as also happened at Gohna Lake, If such a
lake as then existed for a year could be formed and
mataired lower down it would go far towards flood
regulation. This however is a possibility that affects
a very large nuwmber of nvers in India, and it has there-
fore been dealt with separately in para. 33 of this
Report.

(2) Hokat Toi—Tt is believed that power can be
obtained from this hill stream near Kohat (map 38
0/2, 6, 7) but no information 13 avalable.

(3) Kunkar Riter—This snow-fed river, as noted in
the Preliminary Report, page 94, joins the Jhelum (q.v.)
onts great bend belowMuzafiarabad on the Abbottabad-
Kaoshmir road. It has many rapids and a large peren-
nial flow, and there is hittle doubt that it could be deve-
loped on a series of hfting damsif 1t were ever necessary.
As however neither the minimum flow nor the gradient
of the river is known no estimate can be made of its
possible power.

* The Gieography and Geology of the Himalays Mountains and
Tabet (1907).
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(4) Syear, Leer —This teil utary of the Indus had a
ettt enene of e o tr ihmtaries near Mansehra,
dirotbe Bn s War ponatad or, paze 01 of the Preli-
rivam Rep ot The Simen atendf comld donbtlees be
devi'nped bopens of Iftinz dame and there mav be
otee wlaome other garthnds of develapment on hizher
besd el he nend
Loverer

(%) Caral Fallc —Aw note] 1 the Preimmans Report
paee Of, the Upper Seat Camad at Malalband could
provide abont 20000 | g prarticdy contmuously
under 250 ft Load wihole other onal {alls have consi-
demalle Dot unes oned power

119. Punjab. areas nat anvestigated. - In deiling
ath e Provges the water pover s practicalls all m
the Mimadisar 1 ont of the Pungil and the only
Toneal arraneement et dead vt tue o fine

No anforeation 1= availalle

e’

and oy trbut ne torcther satt sech tnbutares of

the Indus on the W and the Tunnua on the B oas
came witinn the Provinee Those mnn nvers are thero
fore dealt sith from W to I oan the order Jndus
el Chensh Rave Boae Sathy Jumna and m
Gl e Pungdb trbatnes are i alphate tieal
ord r In this roction o the absonee of examination,

There
1 no doubt whatover that mabiv fine power stes exist,
with epormous potential power, but very bttle of 1t 1s
actuwdly m the Punjah Reference to other sections
of the Report (hachmir North West Frontier Provinee,
United Irovinces) may be made

The following 15 a summary of the Punjab rivers
with the power that can probably be developed from
them, so far as 13 at present known,

w pond ded of rpeculition necsanly occnrs

TanLe 50.—Punjab Rircrs.

£ ta) | River Tributary ‘

| ! Site Teoalta poner,

u;‘ Ious . .o . Bee N T,
t | rrovtce

53 Hao . - 1,850

3 Jaat .| - No lafurmativn

) buan . - 2,000

| Jietum . . 810 Kashmlr

)| Chenab . . Dltto

M| pevi . . utthyle Niting dams 200,000

© Lhalal . Ditte . 20,000

1) Nal o . Ditto 80,000

a0y | paas . Multiglo  lifting 94,000

Ganis, bulow Largl

o Bluwa ., | Reservolraite o | Notknown

az) Gujh - Dlite - Ditto

1y Oat . . " 6,000

[35) Parlatl . . 20,000

TUNTAR; AREAS NOT INVELSTIGATLED.

i57
€osl River  Tributary { site Trchable power,
_ I
a RUTRE. ; Abovetargt . . 50,000
arr Tirthn Ditts . . 10,000
Ay Sue) L {1 Lower teach to 60,000
' ¢ T,y g
[
an T to @ 100,000
1
as uml . Conflurnce to far- 00
extion
1 Frps Tatoring gorge  + 30,000
i
) Thera Kind . Small
(= Chatore Gad . Doubtful,
(<2 Gumber and . No Information
wamrola
(= Knepan - Ditto,
hhad
n Machtn da Smalt
Khad
I Noglt River Above Rempur - 1,000
20y SherEhad  Aresenvoirsite . | Uskoows
=) Jumea | Ses Unlted Tro-
Vinces
@ Falar River . 20,000
n Gint Riser . No faformation.
) Faia }‘ Sea Tabar
| Surln
| Torsl (say) | 652000
I contingons

(1) Zndus Rreer and Tributartes—The portion of this
myer which runs 1 the Punjab, or on the boundary
between the Pumjab and the North-West Frontier
Province, 15 m the plams. The comments under the
North-West Frontier Province entry may however be
referred to

All the main feeders of the Indus are out of the Punjab
and are dealt with under the North-West Frontier
Province. In the Prelminary Report, page 95, mention
was made of the two tributares which may have posst-
bilities in the Punjab.

(2) Haro Rucr, near Hasan Abdal, Attock.—There is
gaid to be a fall of 50 ft. \\luch can probably be
increased by a lhiting dam, and “a good pcrcnmal
discharge ”* (map 43 C/o, 9,13). A private firm enquir-
ing for power believes that 1,850 kW. continuous
could be obtained,

(3) Jablat (or Chabla) Rieer—This is near the
preceding entry (Haro River) but there is no informa- |
tion whatever regarding it.

(4} Soan River, near Rmmlpmd: —No information is
available regarding this river, but it has been examined
under the auspices of a private firm and is believed
capable of supporting & plant of 2,000 kW. This
may be taken as the eqmvzﬂcnc of about 700 kW.

ly, 53 storage is a part of the project
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(5) Jhelum River and Tributaries—This forms the
boundary between Kashmir and the North-West
Frontier Province in the latter part of its Himalayan
course, and between Kashmir and the Punjab at the
lowest part of all. The tributaries rising in the lulls
are all either in Kashmir or the North-West Frontier
Province, to which reference may be made  The lowest
recorded discharge of the mamn river is 2,914 cusecs at
Mangla and the maximum (1893) 500,000 cusecs

(6) Chenab River and T'ributaries—The whole of the
Himalayan course of the Chenab and 1ts tributares 1s
in Kashmir, reference to para 101 will show that
1t has great possibiities. The mimmum discharge
recorded was 4,341 cusecs at Marala and the maximum
{1893) 713,000 cusecs.

(1) Ravi Rwer and Tributaries—The Upper Ban
Doab Canal takes off from the Ravi at Madhupur, and
the power possibilities at that pont are dealt with
under the Punjab Canals. Above Madhupur the niver
forms the boundary between Butish India and Kashmur
to some way N of Dalhousie, above which pomnt it
is in Chamba State, The catchment area above the
canal ntake 13 some 2,500 /g m1 and runs up to
great peaks of 20,000 ft The lowest recorded flow
at Muktesar 13 1,334 cusecs and the greatest flood dis-
charge practically 200000 cusecs mn 1908 As m
many other cases mentioned throughout this report,
if flood regulation 13 possible at any pomt (para
33) then lfting dams can be utihzed to harness the
river, Its average fall throughout its course of 130
mi i3 115ft aimle, and the mver 1s nowhere very
remote from the plains. * The Ravi rises i the basin

of Bangahal, and drams the southern slopes of the Pir
Panjal and the nortlern slopes of the Dhauladhar,
The basin of Bangalal 15 sixty nules m circumference
Numerous tributaries flow down 1ts mner walls, many
of them with steep gradients; the Bhadal rises on the
N at 16,000 ft and falls 814 ft a nule for35mi;
the Nui, which rises in the mountains known as Kali

Devi, has a length of 30 i and an average full of

366 ft. a mile. The height of the bed of the Ravi at the

lowest point (Wulas) of the Bangahal basin is about

5000 ft. Gathering together all the water that

runs oft the inner walls of this extraordimary rvock

cauldron, the Ravi flows out to the W. The gorge
by which it escapes from Bangahal may without ex-
aggeration be de<uribed as inaccessible; it appears
to have been scooped out of sobd rock and its sides
are perpendicular.  After leaving Bangahal the Ravi

flons through the valley aud State of Chamba in a

N-W. direction parallel to the Dhauladhar range.

West of the Chamba capital it makes a sudden bend

at right angles and cuts its way through the Dhauladhar
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totheS-E, Thedefile that it has carved through
the range is & few miles N. W. of the station of
Dalhousie.”*

Such a deseniption will appeal at once to the hydro-
electric engineer, but only reconnaissance can show
what power is actually capable of development. The
loop at Dalhousie is probably capable of being short-
ciremted, with a lifting dam to increase the head.
At times of minimum flow the main river is certainly
responsible for nearly all the water flowing, though the
snow-fed tributary (probably the Bhadal) entering
about 16 mi W of Chamba may sccount for about
one-fifth of it Let 1t be assumed that the main river,
above and below tlis junction, carries a minimum of
1,000 cusecs, averaged along the 60 mi. of its course
above Madhupur , the total fall in this 60 mi. may be
taken 6,000 ft using 100 ft. a mile instead of the
average of 113 ft. If half of this, or 3,000 it.
can be utiized by means of lifting dam the power
available (at multiple sites) 13 1,000 % 3,000/15 or 20,000
kW contmuously, with far more except at the
rare times of absolute minimum,

(8) and (9) As regards tributares, nothing is known
beyond what 15 given in the extract above regarding
the Bhadal and the Nai It 1s however more than
probable that they can be developed 1 the stretches
near thewr junctions with the mamn stream. On falls
of about 300 ft a mile every cusec of flow will give
20 kW per mule. If therefore a minimum flow is
assumed, m cach of these important tributaries, of
150 cusecs only, and 10 mr of each s taken as practi-
cable—20 mi. mn all—a further 60,000 kW. is in
sight,  This in all probability is far below the mark,
but the problem is complicated by the distances of
transmussion  These however are not large ; from the
great junction 20 mi E. of Chamba, far above the
reaches here considered, it is only 50 mi. to Pathankob
and 70 to Hoshiarpur.

(10) Beas River and Tributaries~This river has go far
not been utilized directly for irrigation, nor has it been
examined for power; the present writer has however
been along its course from its rise at the Rohtang pass
up to its junction with the Sainj and Tirthan at Largi.
In this 73 mi the fall averages 125 ft a mile. The
river and its main tributaries—the Parbatti and the
two mentioned above—are used extensively for timber
transport ; but by the aid of bear-trap dams or other
well-known arrangements this nced not be interfered
with by power developments. The mini recorded
flow of the Beas at Naunshera is 2,500 cusecs and the
highest flood 164,300 cusecs at Wazir Bhallur, from a
catchment of 5,700 &q. mi.

* Buresrd and Mayden s op. cit, page 165,
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cates, and the whole of this could be developed by an
open channel, preferably on the left bank judging
from the Atlas sheets and the view from Largi. This
would give 50,000 kW. if the data prove corrcct,
and they cannot be very far wrong. Above the bifur-
cation the fall is exceptionally steep, but the
catchment is much reduced.

(16) Tirthan River, above Largi—The gauging of
325 cusecs in June 1921 is here also likely to indicate
an absolute minimum of about 250 cusecs in the lower
reaches, The stream Infurcates 6 ;1 above the mam
confluence, but the L branch frem the high peaks
carries most of the discharge The fall in this 6 m
is moderately steep and 1s of the order of 600 ft,
Manglaur being R. L 3,850 and about 100 it above the
river bed. The power in thus stretch therefore amounts
to some 10,000 kW. continuously.

There are other (unnamed) tributaries between
Largi and Mands, especially on the left bank, with
fair catchments but not fed. From the known
data of corresponding tributaries of the Sutlej, fed from
the same hills, it is probable that three of these
tributaries can give not less than 1,500 kW. each or
4,500 kW all together, continuously.

(17) Sutlyy Ruer and Tributaries—As regards the
“ Sutlej River project” and the subsidiary Anu and
Nangal projects the reader is referred to para. 90 ;
while the existing Simla scheme 13 entered in para
68. These however are merely a small proportion of
the total power of this great river * The mountam
basin of the Sutlej hes mainly N. of the Himalaya;
this area of the Himalaya proper dramned by tlus river
between the great range and the plains of India,
consists of an nsignificant tranverse strip.”* The

Giri on the 8 and the Beas on the N are at
o much higher clevation at corresponding pownts and
the Dasin between 1s only 20 mi. wide (loc. aut.).

Reference has been made, under the Sutle) River

project, to possible storage sites for regulating flood
discharges and augmenting mimmum discharges. The
minimum discharge in the last 20 years is 2,900 cusecs
at Bhakra but Colonel Battye 1s satisfied that 3,3/00
cuzecs can be depended upon. In fact 3,400 cusecs’in
the lowest record at Rupar, downstream of Bhakra,

The greatest flood in this period is 250,000 cusece,

In the main river Mr. Nicholson has noted such eites

(i) 41 mi N. of Bilaspur, near Darus, on map

YA junction of 11, 12. (1) 8} mi. LE-N-L

of Bilaspur, near Chimb, on map 53 A/15, 1f either

of these dams were built the whole reach of the river
below, down to the projected tunnel {or rather the

1. F. L. of the Bhakra Like) could be developed by a
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succession of lifting dams. Between the upper dam
site and the projected lake there is a fall of the order of
600 fv, which would give some 60,000 kW. conti-
nuously, allowing for only one-half of the total fall
being used. “ The fall of the Sutle) from its source to
the plains of India is very uniform, and averages on
every section of its length 30 or 35 ft per mile; the
height of its bed i3 15,000 ft. near Rakas Tel, 10,000
ft near Shipki, 3,000 ft. at Rampur, 1,000 ft
at Bilaspur.”*  There is therefore a further fall of some
1,600 ft. {more or less) between the upper dam site
referred to above and Rampur, where the river cuts
through the Dhauladhar range , and if one third of this
could be utilized by means of lifting dams (involving a
higher flood storage) o further 100,000 kW. is
available. Rampur 15 60 mi. only from the curve
of the foothills, so the whole of this reach is withjn
easy transmission of the plains. Further upstream
Khatolu gorge, with a hiting dam and tunnel, offers
further power.

Those tributary streams regarding which any infor-
mation 13 available may now be mentioned in alphabeti-
cal order. 1t may be pointed out that fairly full in-
formation 13 available regarding the developed Nauti
Khad, and that hydrographic data so recorded can be
used (with great caution) for other tributaries, e-pecially
those on the left bank. The annual rainfall -apidly
diminishes as one goes north, the main watershed
between the Sutlej and the Gin (i.e., between the
Indian Ocean and the Bay of Bengal) passing from Simla
along the Hindustan-Tibet road and catching more of
the precipitation than the higher ranges on the right
bank of the Sutlej. Through the kindmess of Mr.
A. 8. Montgomery, Chief Engineer, Roads and Build-
ngs, Punjab, several of these tributary streams were
gauged early in June 1921, Most unfortunately (from
this point of view alone) the great drought, which caused
record low discharges in the Nauti Khad and Anu
Khad, during May 1921, broke up a week before with
some casual storms ; the efect of these however only
lasted for 3 days, when the discharges returned to their
former low level.

Anu Khad River—See Punjab “sites investigated.”

(18) Arai River—This flows in on the right bank
below Dalash and Luri bridge, with a steep descent
from the Jalori pass. .\ discharge taken at mile 57
on the 6th June 1921, at the end of the cxceptional
drought, but soon after a casnal storm at Simla (10
mi W.) shows some 36 cusecs. Probably the mini-
mum is not much above 18 cusces. Local irrigation
channels and flour nulls show that there is always a
fair flow even at the settlement at Ani, above the main

® Burrard and Ilsyden, o, cof , pago Iol,

* Burrard and Hayden, op, oty fage 165,
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bifurcation . The 4 m t and

the mam conflnence pro 3t less

than 600t which mdi »f some
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Kulu e ited that greater
preatalities

(190 Baspa Ryrer —Thic gnow-. 5 of the

Sutle} 1o somenhat remote, about 90 mr  from the

curve of the fortlulls, but 1< of mmportance m that 1t
rices from and flows hetween two gpurs of, the Great
Iimalavan ranze  It< mmmum  diechatge 15 not
Imown but will be before the snows begin to melt.
On the 16th June 1921 1t carned 3.500 cusecs, or more
than the mimmum discharge of the Satlep tteelf ! Pro-
Beblat falls to 1 %0 or even 1 000 cusecs oceastonally,
though 11 gets more ramfall than the far larger trans-
Himalavan catchment of the main river At Ratunng
gorge (nap 53 1 7) there 15 a rertes of rapids amounting
tacome 500 1t of fallin balf a mle, near Sangla  Itis
therefore certamn  that rome 30,000 kW could be
obtained continuously here, if not half as much agawm,

(20) Bhera hhad —This 1s practically useless, except
perhaps for timber sawing  The flow was 11 cusecs at
mile 58 of the roud on 3rd June 1921, and 36 cusces on
22nd May 1419

(21) Chawnre Gad —This small nala, 12 mi. W,
of Lurt bridge on the nght bank—the next nala below
the Ami—is etated by Mr. R. W, Thick (late Power
8tation Supenntendent, Simla) to have possibilities,
The mmimum diccharge is no doubt of the order of
10 cusces, from a catchment of some 50 sy mi,
but there ts a fall of about 1,000 ft from Pamlog and
Chawmre villages, where regulating storage could be
built. But as explained in connection with the Anu
Khad (para 90) regulating storage will not appre-
ciably ncrease the i flow over a id,
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Nauty Khad —This is developed ; see para. 68.

(23} Noght Rirer.—This Joins the Sutlej near Rampur
(map 53 E/11), and is snow-fed from an 1solated group
of high peaks runming up to 20,000 ft. A reconnais-
sance made by the present wniter shows 1t to be capable
of giving some 1,900 kW  continuously, with a Jong
open channel. The mimmum discharge is probably
about 40 or 50 cuzces ; on the 29th May 1921 it carried
250 cusecs and on 21st May 1919 480 cusecs at its con-
fluence with the Sutlej, at the end of long drought, but
probably aftet a shower. The main river was then
carrying 7,000 cusecs,

(26) Sher Khad.—This tributary, with a good catch-
ment, Joms the niver a few miles S-W. of Bilaspur
on the nght bank (map 53 Af11) opposite the Gumber.
At a point near Gaba and Umrao, 74 mi N.-W,
of Bdaspur, Mr. Nicholson records a reservoir site;
1t 13 apparently not at any great elevation above the
main fiver, but might be useful as a subsidiary to the
Sutlej River main project.

Ullay Riter.—See Gumber river, above

(27) Jumna Rwer Tributaries—The Jumna River
itself is dealt with under the United Provinces. Of its
Punjab tributaries not much 1s known.

(28) Pabar River—This was gauged on the 15th
June 1919, probably after rain, and carried 1,380 cusecs
at Rohru, 10 m: from Kadrala and 74 from Simla.
It is partly snow-fed, and with the Rupin and Supin
rivers makes up the Tons (map 53 E, F, and I) which |
forms the boundary between the Punjab and United
Provinces. There is very little doubt that all these
rivers have considerable power, but the layered Atlas
sheets are the only source of information as to falls.
Above the main confluence of the tributaries of the
Tam t].\em are falls of 1,000 ft. in a few miles. The

disch will there be considerably more

period of drought.

(22) Gumber umi Gumrola Khads—~These two neigh-
bouring streams, together with the Ullay Nala, jomn the
Sutle) near Bilaspur (map 53 A/15) on the left bank.
They have fairly good catchments to the W. of Simla
and Subathu and the main water-parting. Beyond
that nothing 18 known of them at present except that
they begin their valley courses st several thousand feet
above their confluences.

(23) Kurpan Khad.—This flows in on the right bank
opposte the Nogli river and below Nirmand. It earried
77 cusecs on 13th June 1921 and may possibly be of
some value,

(24) Mackkada Khad—This has small power for
forestry only. The discharge on 3rd Jume 1921, at
mile 62 on the road, was 19 cusecs and on 22nd May
1919, 110 cusecs,

than double that given above. but this was probably
nowhere near the minimum. If the Tons falls to 500
cusees all told it would appear to have some 30,000
kY. continuous in a small ares at the main
confluence What there may be below, on lifting
dam  development, is a matter for investigation.
The confluenceappears to be at about 4,000 or 5,000
ft. elevation, while the plains below are at 2,000 ft.
(29) @Qiri River —This was examined in 1900 below
Phagu (Simla Hills) and found dufficult to develop.
In this neighbourhood (7 mu, from Theog) it carried 75
cusecs on the llth May 1919, but the minimum is
probably nearer 25 cusecs at that point. Lower down
it gathers volume and improves, but lttle information
is available It is worth prospecting upstream from
the point, some 20 m: from the main confluence, whers

it is Joined by two small streams under Kaleog; here
z
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there is o very long stretch of comparatively level
bed, where reservoir sites may perhaps be located.

(30) Rupin River; Supin River ; Tons River—See
Pabar River above.

120. Rajputana; areas not investigated.—Sirohi
State, Mount Abu—~There are said to be possibilities
some 3 mi. E. of Mount Abu, where there is a
rapid fall of 2,000 to 3,000 it. Any project would
depend entirely on storage sites being found, as there
is a very small catchment. The rainfall however
averages G0 in on the hill (Map 45 D.)

121, United Provinces; areas and sites not
iuvestigated.—(1) Baur Ruwer, Naini Tal District.—
Treliminary Report, page 100, This is unhkely to be of
use, as a discharge as low as 9 cusecs is on record.
{Map 53 0/7.)

(2) Dabka Rwer—Near the Baur, and the same
remarks apply. (Map 53 0/3)

(3) Garai River, Murzapur District —There is a fall
of 180 ft. but no further information 1s available.
1t flows into the Kaliganga (q. v.).

(4) Garrak River, Barelly District.—This was gauged
in the plains near Sand: and found to carry :

cusecs.

13th Apnl 1919 B . . . . . 226
15th May  ,, oL ... 214
Tth June . . - . 193

This gives no indication of the hll discharge; the
stream i3 not identified.

(5) Gaula River, Nainy Tal District.~—This 1s under
examination.

(8) Jagei Lale, Garkial.—(Preliminary Report, page
101.) This has not been examined, but the remarks on
the Gohna Lake, para. 93) probably apply here also.

(7) Kalaunin Nadi.—(Preliminary Report, page 101)
This is under examination, but reports have not yet
come to hand.

(8) Kaliganga River, Garhwal —(See Preliminary
Repo-t, page 101.) This has not yet been examined
at the Launsari site previonsly referred to.

(9) Kankar River, tributary of Sone.—(Preliminary
Report, page 101) This has not yet been examined.
(Map 63 Pf3, 7, 8)

(10) Khajuri, Dalva and Jargo Nadis, Mirzapur.—
(Prehuinary Report, page 101,) These have not yet
been examined  (Map 63 K/12 )

(11) Khoh Riter, Garhiwal—Possibilities were indi-
cated 1n the Preliminary Report, page 102, at a point
4 m. above Dogadda. Ropeways are proposed in
the distriet. No examination has yet been made.
(Map 53 K

(12) Mussonrie.—The various small sites mentioned
in the Preliminary Report (page 102}, as offering pos-
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sible extensions for the Mussoorie Dehra scheme (Table
16) have not yet been examined. (Map 53 J.)

(18} Nandhaur River, Naini Tal District, and

(14) Nayar River, tributary of Ganges, Garhwal—
These rivers (see Preliminary Report, page 102) have
not yet been reported on, but are under examination.

{156) Pindar River.—This snow-fed tributary of the
Alaknanda is under i See Preliminary
Report, page 102; map 53 N.

(16) Rer Rurer, tributary of Sone—This promising
river (see Preliminary Report, page 103) has not yet
been examined. (Map 63 L and P.)

(17) Tons Ruwer, tributary of Jumna, Dekra Dun.—
This should not be confused with the river of the same
name 1 Rewah. The site at Kalsi, where the Tons
joins the Jumna, has not yet been examined. The
catchment area, as shown in Burrard and Hayden’s
great work,* is larger than that of the main river. If
a minimum discharge of only 500 cusecs is assumed,
and a fall of 500 ft. developed by lifting dams, the
power will be of the order of 16,000 kW. con-
tinuous.

(18) The Giri tributary is not likely to show much
power as its discharge runs low.

122. Native States of India; areas not inves-
tigated.—8o far as is known, comparatively little
investigation has been made of the water power resources
of many of the Native States and Territories adjoining
Bntish India. In previous tabular statements certain
working plants and projects are included, and these need
not be referred to further here. No doubt other sites
have also been either cxamined or suggested by those
immediately concerned with them; and ‘in some cases
detailed investigations may have been made, of which
no details have reached the survey, Nothing whatever
is known regarding Hyderabad (Deccan) or Baluchi-
stan, and very little regarding the many States com-
prised in the Central India Agency ot Rajputana, In
the latter, however, two possible sites have been men-
tioned in Udaipur.

(1) Dhebar Lake, Udaipur.—It is not known whether
by raising the level of the Dhebar Lake, 30 mi.
8.-E. of Udaipur City, any power possibilities would be
found ; the lake is of great area however.

(2) Sabamnati Ruwer, Udaipwr.—There appear to
be possibilities in the Wakal River, tributary of the
Sabarmati, either near Bansiwara or Manpur (Atlas
sheets, map 45 H, left half), and possibly in the other
tributaries or the main river, which crosses the boundary
between Bombay and Udaipur in this area. The
rainfall is scanty, about 23 in. but reservoir sites may
be available. The bed level where the Manas and

“ Geogtaphy and Gealogy of the Himalaya 3ountains and Tibet
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Walal Rivers join, at Banawara, i< 1,440 f{t while
at the junction of the Wakal and Pamn R, 23 miles
downstream 1t ac 041 ft —eee Tanch map 43 H/3, 7
ol No 149 Bombay and 120 C T and R .\ tunnel
thrauzh the mtervenmg ndge on thes large hamr-pm
bend wemld reduee the distancs to 8 mmlee but the
wncantoured maps dn nat show what length of tunnel
would be required  Or agam there appears to be a
posabnbits of wriang ether from Banewara or from
Manpur (at the turn of the bend) down to the South
Last where the drop ta the plamns conld be develnped
(Mup 1511 ¢ & ald 144 Bombay and 120 C I and R)
Whether anv storage sites exist 1+ unknown as aleo 15

the divrharge but the Will catehment 1« considerable

tmaprie 16 -Usrnrss sires

123. Reasons for rejection.—The following pages
deal with the Provinces m alphabetical order and give
a list of the aatesan each which have been examined to
a rufhieient extent ta enable them to he pronounced wse-
less for power purposes  This 19 sometimes on account
of the total run off bemg msufficient i small catch-
ments  rometimes becanse storage sites  suthciently
large to carry over the drv season are not available , or
because the cost of the development would be prohi-
itive Where the lust factor 1s the decuding one time
may prove the verdict wrong, as fuel becomes scarcer
and mare costlv, but no project has been condemned
on grounds of excessive cost that 1s not clearly out of
the question at present  The following 1s & summary :—

TapLe 51 —Summary of useless sites.

Number of
Reference Provines or State useless autes
examin
Parsgraph 124 . | Asam ., . s
- 125 .| Bengal . . . 2
" 126 . | Bibar and Orissa . 8
" 127 Bombay . . 8
" 128 Burma™ . . ., 1
. 129 Central India . . . 3
" 120 .| Central Provinces . 17
. 131 Madras . . . . 3
. 132 United Provinces 5
Toran ™ . 69
useless mites
examined

124. Assam; useless sites.

(1) Ka Yeng River —This tributary of the Jatinga
R. (q.v.) jomning at the proposed dam site of the latter,
is almost certainly uselesy

(2) Loobak Ruver, at Loobak Oharra, Sylhet.—This was
examined and reported as useless, It had been stated
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that & good site existed, where large storage could be
obtained  This appears to be true, but there is very
Iittle fall.  The site is on map 83 (/8 (available in § in.)
above Kanairghat ; the Surma River comes out of the
hills here and the Loobsh (or Luba) is a tributary
stream  The catchment area at site is 49 sq. mi. with
a ramfall of about 200 1n, so that the annual run-off
is enormous.  With a dam 100 ft. high it is reckoned
that 1,000 m c. ft. of useful storage could be impounded
above draw-off level, the huge surplus spilling over the
dam  The dam site is at Kuddum, which s not in the
map  Between here and Kanairghat there is a gradual
fall of 115 ft. only. The maximum power on the above
basis would only be 27 cusces on 115 ft, orsay 200 kY.
The site 1s therefore clearly useless.

125. Bengal; useless sites.

(1) Bansloe Ruver; Brahmini River ; More River.—
These three rivers flow out of tho uplands of the Santhal
Parganas (map 72 P), in Bihar and Orissa, into Bengal.
In the latter province there appear to be no possibilities
i the nvers, which are referred to again under
Bilar

(2) Barakar River ; Damodar River ; Usri Nala.—As
noted in the Prelimmary Report, p 69, a flood regulation
project in the Damodar River was then under consider-
ation , but, as recorded i the Second Report, p. 61,
all the three rivers named have been examined by the
Irngation Branch of the Bengal Public Works Depart-
ment and found impracticable. Power requirements
would 1 any case have to be subservient to the main
purpose of the storage roservoirs,

126. Bihar and Orissa; useless siles.—Of the
sites suggested in the Preliminary Report, pp. 71 et
seq., or brought to notice later, the following have
been examined and reported useless.

(1) Durgaoti River, Shahabad. (Map 63 P/14.)

(2) Harnagarka —No indication is given as to where
this place is, but a fall of 250 ft. has been examined and
reported useless because there is no good storae site.

(3) Kakolat fall, Gaya. (Map 72 11/10.)

(4) Kao River, Shakabad (Map 72 D/1.)

(6} Murku falls, Ranchi District.—These falls (river
not mentioned) are about 100 ft. 2nd cannot be increased
artificially. Thero is a good catchment but examination
shows no storage sites.

(6) Nindi Rwer.—Reported too small to be of any
use. (Map 73 Af7) ~

{7) Papah Ruver, Sc Ip
—no catchment. (Map 61 Pf1.)

(8) Phulwana River, Shahabad (Map 63 P/0.)

127. Bombay; useless sites,—The following sites
have been examined and (for the reason given) written

~ _ useless, in the Bombay Presidency,

balpur.~Definitely useless

N
A\

N



164

(1) Barda River and Borkket Nela Hydro-Electric Pro-
ject, Surat-Dangs.—Map 1” Topo Sheet No. 46 H/9 & 13.
Tho storage sites are situated on the Barda River at a
sharp bend abont 20° 48’ N. by 73° 46 E., due south of
Sadunia willage, and on the Borkhet Nala at point about
20° 46’ N. by 73° 45’ 20" E. near the village of Borkhet.
Both can be reached, except during the monsoon, from
Kala-Amba Railway Station on horseback or in bullock
tonga vid Ahwa, a distance of 26 and 23 mi. respectively.
The catchment areas above the storage sites are 9sq mi
on the Barda River and 65 sq. m1 on the Borkhet
Nala (also called Kapn Nala on the maps) Both areas
are mainly of steep hills covered with teak and bamboo
forests. Both streams cease to flow in January, and
thercfore any project must be worked on monsoon flow
aided by storage  In the 10 years 1910-19 the aggregate
rainfall at Ahwa was 68176 in., giving an estimated
run-off of 409 . From statistics available for other
parts of the Presidency, 1t appears that in the last 30
years the decade of lowest rainfall was 1899-1908, when
it was about 79 per cent. of that i the decade 1910-19.
Tt is estimated, therefore, that the ramfall at Ahwa for
the decade 1899-1908 was abont 538 in or an average
of 53 8 inches per annum, gving an estimated run-off of
27in. The proposed full supply level of the Barda River
Laleis R L.1,509, giving an area of about 600 acres and
a capacity of about 950 m. c. ft, while that of the Bor-
khet Nala Lake is R.L 1,551, giving an area of about
350 acres and capaeity of about 700 m. ¢ ft  The Dam
on the Barda River as proposed would be 148 ft lugh
(R I.. 1,361 at base and R L 1,509 at crest) nnd 4,020 ft.
long. It would contam about 73 m. c. {t. of masonry
which at Rs. 5B per brass of 100 c. {ft would cost
TNs. 40-161akha, It would 1mpound between F.8.L. and
minimum working level (R L 1,401) about 950 m. ¢ ft.
of wateratacostof Rs 4,226 perm. ¢ ft. There would
be avalable after allowing for evaporation, absorption,
etc, a yearly supply of 421 m. ¢. ft. The dam on the
Borkhet Nala as proposed would be 125 ft. lugh (R.L.
1,426 at base and 1 I, 1,651 at crest) and 5,700 ft long.
It would contain about 10-7 m. c. ft. of masonry which
ot Rs. 55 per brass would cost Rs. 58 85 lakhs, It
would impound between R.L. 1,551 and R L. 1,466—
€ ¢, between F.8.L. and minimum working level —about
G301, c. ft. of water at a cost of Rs. 9,341 per m, c. ft.
Thero would be available, after allowing for evaporation,
abeorption, ete., a yearly supply of about 304 m. e, ft.
A canal about 3} mi. long would lead from Barda River
dam to a forebay eituated on the hill on the east side of
the Barda River, at a point about 20° 49 10° by 75°
4527 E. Thit canal could be much thortened probably
economically, by tunnelling.  Another canal about 2} mi.
Jong would lead from the Borkhet Nala dam and connect
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to the first canal near the Barda River dam, The pipe
line would lead from near the forebay down the hill in
& westerly direction to the power house, situated at a
convenient place close to the Barda River, into which
the tail water would flow. The Barda River lake would
supply 421 m. c. ft. per annum or 13-4 cusecs and the
Borkhet Nala lake, probably about 30t m. c. ft. per
annum or 9-6 cusecs making a total of 23 cusecs. The
fall from the forebay to the Barda River would be about
410 ft., therefore the continuous power will be some
629 kW,

Assuming the cost of coal to be Rs. 21 per ton, the
power factor 40 per cent, and a 50 mile transmission
line, 1t will be seen that the probable admissible of
hydraulic cost development per E.ILP. installed is
Rs. B11.

Therefore the total admissible cost is some 10 lakhs.

As the cost of the dams alone would amount to Rs. 99
lakhs 1t is obvious that this project is not admissible.

{2) The Dhodar River, a tributary of the Purna River,
Surat Dangs.—ap 46 H/13. The site of the suggested
storage work is 1} mi above the junction of the Dhodar
and Purna Rivers, 231 mi. from Navapur station on the
Tapti-Valley Railway. The catchment area above the
dam site is 58 sq. mi. and lies in the arca where the aver-
age ramfall is between 50 and 75 in. There is no flow
in the river during the cold months, so if any ptoject
was possible it would be based on monsoon flow aided
by storage. By taking off a canal from the dam site
on the nght bank, and by running across country to a
point 1 mi. N E. of the village of Ghana where the Purna
River makes a big bend, a fall of 174 ft. is available,
Under esisting circumstances this fall i3 not sufficient
to allow for the construction of a storage work for a
power scheme, and as water is not required for irriga-
tion in this part of the country, there is no possibility
for o combined scheme. This scheme, therefore, is not
worth investigating under present conditions

There are, hoivever, rapids on the Purna River, near
Mahal Chikhla and Meheskatri—Map 46 H/9—where, if
a storage work was in existence higher up the valley,
additional falls of some 5O ft. at each placo could be
utilized for power,

(3) The Hadaph River, a tributary of the Panam River
Baria State.—46 J/1 & 2. Thesite is on a small platean
3 mi. E. of the villagé of Umria some 10 mi. south-east
of Limkhera Station on the B., B. and C. I. Railway
main Jine. . The catchment area is about 10 sq. mi. and
is situated in the region of average rainfall of 50 in. No
rain gauges are in existence in the immediate vicinity
of the site, and the flow of the river has not been gauged.
A fall of about 200 ft. is available below the proposed
dam site, which is situated on the Kariol River 3 mi.
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abave the point where the junction of the Kariol and
Jhot rivers form the Hadaph River  The project was
examined at the request of the Baria Darbar and for
reasons given below at has been included 1n the list of
projects not smtable for detailed investigation .—

(a) The fall available 12 lower thap 13 generally con-
erdered mecessary to mve a paymg hydro-
electnic project based on storaze

(b) The catchment area 1z too emall, 1n a year of
mimmum ramfall the run-off will probably
not be more than 6 m, giving 8 volume of
13%-4m c ft, sufficient for a constnt dis-
charge of enly 4 cusecs  Thus the constant
power available would only be some 50 kW.

(¢) The eanal or pupe line from the storage site to
the power station would be expencive

(d) The combination of an irngation project for this
diccharge would not matenally improve the
outloolz of the project

(1) Kapry Nala, tributary of Asminka —Possibilities
were forccasted in the Second Report, but this 1s the
same o< 1he Borkhet Nala sbove, and 1s uselesa,

(0) The Njarbada Ruver at Mollady, Ragpipla State.—
Map 46 G & 13 The Nurbada Ruver, between
Molhads and Ghora, 1n a distance of 5 m1, passes over
rapids which give a total fall of 21 it  The minimum
gauged dischiarge of the Narbida 13 586 cusecs so that
if it wa< possible to utilize this {all sume 820 kW. could
be generated without the help of a storage work As
unfortunately the H F.L. ot Ghora, where the power
station would have to be situated is 45 ft above low
water level 1t dues not appear Likely that any way can
be found of uthizing this discharge except at a prohib-
tive cost  The project 13, therefore, classed as pot smt-
able for detailed investigation at the present time.

{6) The Ramchand Nala, a tributary of the Khapri
River, Surat-Dangs —DMap 46 H/10 & 14. There is a
possible dam site near the village of Ramchand 4 nu
from Awah, the capital town of the Dangs. The catch-
ment area above the dam site 1s 24 § 5q. mi and hes m
the reglon where the average rawnfall 13 between 50 and
75 in. There 13 no flow during the hot months, so0 a
storage work 1s y to 1 t the

flow. From the dam eite by means of a nght bank
canal about 3 mi. long to a pomt about 3 mi. south of the
village of Karan)wa, a fall of 277 ft. can be made avail-
able Furtherrapidsand fallsof 75 f between Wadthal
and Bonda (map 46 H/10) and 100 ft. between Chich-
para and Dungarda (mep 46 H/f9) are found on the
Khapri River, where, mven the existence of a storage
work upstream, weirs could be built and the falls made
available for power purposes  The project seems likely
10 be far too expensive to pay under present conditions
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and prices, and therefore is classed a8 being not worth
mvestigation.

(7} The Tapti River at Bhusaval, East Kkandesh Dis-
trict.—Map 46 O/16

(1) The Tapt: River at Bhusaval has a perenmal flow,
which may fall to not more than 24 cusecs in the hot
weather  Just below the G. I. P Railway Bridge over
the Tapt1 River a series of rapids are found aggregating
61 ft 1n a distance of 5 mt. There 13 an excellent site
for o pick-up weir about 1 mi. above the Railway
Bridge, near the willage of Sudgaon, but unfortunately
the cost of this werr and of a canal 5 m. long through
difficult country to a possible power house site below
the rapids could not be contemplated on a minimum
flow of 24 cusees. The Tapti has been examined m this
province for a storage site, m which the 1,824 m. e. ft.
storage required to guarantee a constant flow of 200
cusecs can be held up

No feasible site exists and therefore, until a storage
work on the Tapti or its tributaries m connection with
one of the Central Provinces hydro-electric schemes is
constructed, the tail water from which would increase
the hot weather flow of the Tapti, it will be impossible
o put up a paymg scheme for this River in the Bombay
Presidency. Detatled surveys in connection with this
work are practically complete and prove the impossibility
of the project under present conditions. (Statements
showing the flow of the river are recorded )

(1) The site of the Haran Falls or rapids on the Tapti
is at Bhilpada, near the willage of Raygad, 18 mi. from
Nandurbar station on the Tapti Valley Railway; map
46 K/3 and G/15. The fall of the river in a distance of
3 m1 13 64ft. An excellent pick-up weir site exists
immediately above the head of the rapds, ard a canal
lme on the loft bank leading from the weir to a power
station site below the rapids would be easy to construct.
Unfortunately, as m the case of the other Tapti site at
Bhusawal, the minimum flow available is too small to
give a paying project, and nothing can be done until
some means of increasing this minimum flow can be
devised.

(8) Tarle River, a tributary of the Kriskna River,
Satara District.—Map 47 Gf14, The Tarla River raises
on the same platean as the Vena and Urmodi Rivers,
and near the village of Chalka has a catchment area on
the plateau of some 5 sq. mi. in the region of average
rainfall of 100 in. The run-off in the Worst year wonld
probably amount to 20 in., so that, assuming that the
project is developed on the worst year’s xainfall,and that
the above run-off amounting to 232-30 m. c. ft. can be
stored with a reasonable height of dam, a“continuouns
discharge of 7 cusecs can be obtained. The fall avail-
able is about 800 it. so that continnous power of tke
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order of 370 kW, could be developed. The site is some
16 mi. as the crow flies from the town of Satara, where
no industries exist at present. As the Urmodi scheme
will be a considerably cheaper one than this, and will
suffice for the lighting of Satara, this project is put on
the list of projects not worth detailed investigation at
the present time.

128. Burma ; useless sites.—Comparatively few
streams have as yet been examined and found useless
for power considering the total number of *“ possibles 5
the following alphabetical list gives these ‘—

(1) Heinza Chaung, Tavoy —The reported falls N.E.
of Yebyu (Prelummary Report, p. 77) have been struck
out as useless.

(2) Kaladan River, Akyab.—~This nver with a catch-
ment of 3,000 sq. mi, was mentioned as a possibihity in
the Preliminary Report It has been examined to near
the border and found useless (map 8¢ C, D, Hand 85 A).

(3) Kelaung Ruver, Mandalay —The site near Wetwun
(Prelimina~y Report, p 78) 1s struck out as useless.

(4) Lavmaw Rirer —Tlhis has been struck up from the
Dist in the Prelimmnary Report, p. 78, as apparently 1t
refers to the Balu Chaung (q v)

(5) Lenge Chaung, Merkisls —This has been struck out.

(6) Magyr Chaung, tributary of Madaya —This has
been struck out and probably is entered under the
Madaya.

(1) Menyan Rwer —Struck ont ; not 1dentsfied.

(8) Monghang River, S Shan States.—This has been
struck out locally.

(9) Nam Kaw, tributary of Salween.—This has been
struck out locally

(10) Namhce Lake, Yamethin.—This has been struck
out locally.

(11) Nam  Lang —The lower reaches havo been
exammed and found useless The upper reaches are
called the Nam Et, which is entered under sites not
examined. Map 93 F/4, 8

(12) Nam Laung, tributary of Myitnge—Struck out.

(13) Nam Tay, tributary of Saliween.—Struck out;
probably this may be the Nam Teng

(14) Pany River, tnbutary of Salween—Struck out as
uscless,

(15) Payiyile Chaung, Pegu—Struck out as uscless.
. (16} Pyenpongyi Chaung, Peyu—Struck out as use-

e

(17) Taungdwein Chaung, Myittha.—Struck out as
usele~s,

(18) Teay Ruer, § Shan States —P'robably misuamed
in Preluninary Report.

(19) Tonbo Riter, Mandulay.—Struck out. -

20) Ye Baer, Pag i—Struck out.

(21} Yezin Chaung, Meiltila.—Struck out.
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129. Central India ; useless sites.

(1) Indore ; Narbade River.—This was examined at
the Maheswar rapids below Mandleswar, on map 46 N,
The cold weather fall of 21 ft. disappears in the rains,
when the river may back up 50 or 60 ft. from its passage
through the Satpura range lower down. No barrage is
possible, as it would submerge whole tracts of country
during abnormal floods.

(2) Patalpani Fall~—~This has no catchment and is
useless. (Map 46 N/14.)

(3) Rajgarh ; Newaj River~—This river was examined -
by Mr. Bull near Rajgarh. It was found that the stor-
age which could be depended upon was too small and
precarious for utilization under the small head obtain-
shle. It is however possible that better conditions may
be found elsewhere on the river.

130. Central Provinces; useless sites.—The fol-
lowing alphabetical list gives a short summary of the
results of reconnassances of & number of sites in the
Central Provinces which, for one reason or another,
appear not to be worth further examination. Some of
the rivers mentioned (w2, the Narbada, the Tapti, and
the Purna and Moga) also appear in the list of sites
requiring investigation, the sites or method of develop-
ment bemng different. The orimnal reports on these
sites are with the Chief EngineeT, Hydro-Electric Survey.
The reconnaissances were carried out under the dircction
of Mr. Powys Davies, Officer in charge mn the Central
Provinces during 1920

(1) dran Rwer at Masns, Magrul Taluk, Akola Dis-
tnct.~—(See Preliminary Report, page 81.) This has
been esamined and is pronounced “ certainly useless.”
The river is not perennial, so storage would have to be-
depended upon ; the dam site is 4 mi. North of Masni,
7 mi. South-East of Karanja, and 15 mi. North-East®
of Magrul, near Sangwi Railway Station A fall of
45 ft only would be obtainable by means of an open
channel some 2 mi, long from the dam to the forebay.
The catchment area is 315 sq. mi. A raingauge station
is in the area at Mangrul Pir and shows the followng
results :—

Total in 7 dry months, average 3-6° minimum, ndl.

Total in 5 wet months, average 3317, minimum
105",

Maximum fall in one day, 8 3",

Probable annual run-off in & minimum year 446
m. c. ft.

With a masonry dam 1,300 ft.long and 53 ft. high
(apparently this is the mean height) a total capacity of
2,176 m. c. ft. could be impounded i it were
avsilable, while the effective capacity is estimated to be
1,310 m ¢ ft.  Neither storage nor fall can be
augmented so that 42 cusecs only could be obtained.
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TLic on 4% ft head give< only 130 kW, contmuous
pover (Map 53 1170 11)

(2} Aran River at Rutanpur, junction srath Arna River.
—Thic has been examined by the local officers and a
oo recervorr £ite was found at the entrance of a gorge,
2 mile dovnstream of the junction of the nivers, and not
{ar frem where they {low nte the Penmanea The
HT.L of the harlwaters of the Penranga reaches R'L
£21 at Manusdan Vllage and the low water level of the
recervonr would be at I L A5 conot more than 30 ft.
Therefore, although the

Jead eould be depended on
it s clear from the

catehment area 1+ 1712 &g m
preceding entry relating 1o this myer that the site as
wecoss for powes purpases

() Bleyee tor Blawyey Rrver gounging the Muran
(g1 ) Betud Dictnet Thir was examnned 23 nu from
Chicholi (mmap 5% T 12) shere a fall of 200t could be
obtamed In a long open chaunel and long pipe line.
The stroim v not perennial and the vield of the small
catchment f all #tored, would onhv give rome 8 cusecs
at prolintine expense  The site 13 therefore useless.
{The Narbada ateelf 15 at nbout 1,000 {t  elevation and
the site 1400 £t w0 that no posalilittes exist lower
dowy on ths or the Muran River )

(1) Buna Iver Ruhatgarh Sangor District —(See Pre-
hminary Report, page 81, second Report, page 72)
Mr Datchelor estimated this nver to be worth 5,000
ehp at each of two mites A detmled reconnaissance
was made, with the result that only 750 LWs con-
tinuous power, could be obtamed at prohtbitive cost.
The rite examned 15 just upstream of Rahatgark, map
53 1/54&4 6,23 m W of Saugor A fall of 137 ft. 18 ob-
tainable by means of an open channel from the storage
dam The niver dries up in May, so power would depend
entitely on storage, The catchment area 15 421 5q. mt.,
mo-tly cultivated, with some forest and lugh land
Tamnfall records at Khorai, tlie nearest station, show
the following results :—

Total 1o 7 dry months, average 23, mmimum .

Total 1n 5 wet months, average 425, mmimum
194,

Maximum fall in one day 9 0 io.

Probable annual run-off in average year (418),
6,445 m c. ft.

Probable annual run-off in minimum year (21-8),
2,500 m. c. ft

The run-off is based on Mr. Barlow’s method. The
main dam site 1s 350 ft, upstream of the fall in the river
2 mi. 8. of Rahatgarh ; in addition to the main dam
5,700 ft. long and 116 ft. deep there would have to be
three subsidiary earthen dams Taking into sccount the
monsoon rainfall of the two consecntive driest years the
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effective capacity of the reservorr is estimated to be
2,580 m. c. ft. against a total storage of 3,000 m. c. ft.
The land submerged is mostly good cultivated soil and
contains 18 village sites, The compensation alone rules
the site out practically. A concrete lined channel of
5,000 ft. would be required from the W. end of the main
dam to a forebay 1 nu 8 of Rahatgarh, with a pipe line
thence of 2,700 {t to a good power house site 6 furlongs
W of Rahatgarh, 5 ft above H.F.L. and near the river
which would take the tail race discharge.  The reservoir
supply would be valuable for urigation purposes m the
future—there is no irngation at present—but while the
dralt of water for power would be required continuously
that for wrngation would be mtermittent. The combi-
nation is therefore inadnussible as a commercial propo-
sitton unless the power could be used almost entirely for
Ingh level irngation  On a contmnuons 24-hour basis
the above effective storage would give 81 cusees (74 in
report) wlich on 135 ft. fall is equivalent to 750 kW,
The cost of the hydraulic development alone would be
over 42 lakhs of rupees, so that the scheme could not
conceivably compete with other forms of power. (The
Report 1s accompanied by plans and full details.)

(b) Chandrablhaga River, Melghat Taluk, Amraoti Dis-
trict—Ths is one of Mr. Batchelor’s sites, mentioned on
page 81 of the Prelunmary Report (map 55 Gf7). It
was exammed above R.L. 1,800, where a fall of 500 ft.
would occur to the plains at R L. 1,250 ; but a 20 mi,
channel would be required. In two consccutive dry
years 1t was estimated to yield under 200 m. ¢. ft. from
the catchment area of 26 sq mu. Considerably more
storage could be impounded above this site ; but even
allowing for the provision of large (and expensive) carry-
over water the site could by no possibility be economi-
cally utihzed for some 200 kW.

(6) Charg il River, tributaryo f Wardha, Morsi Dustrict,
Amraotr.—(See Preliminary Report, page 81,) This site
lias now been examined and pronounced * certawmnly
useless ” The rainfall at Mors: varies between 29 and
9 in. and the river 1s not perennial. No large storage i3
possible at Udkheir and there is no fall available other
than what would be formed by a ** Ifting dam.”  (Map
55 G/15)

(7) Katni River, near Muruara and Katni, Jubbul-
pore Dustrict.—(Map 61 A5, 6) This river was inves-
tigated at the nstance of the Electrical Engineer,
Central Provinces Government, who required no more
than 100 kW, for Katni. There 1s however no natural
fall and no fall can be created of any value. The river
is perennial but drops to about 10 cusecs Storage
would submerge valuable agricultural land and villages,
at prohibitive cost. The site in question is therefore
definitely useless.
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(8) Moga (or Arna) Nullah, Ellichpur, Amraoti Dis-
trict.—See Preliminary Report, page 85, The site near
Malni, suggested by Mr. Batchelor, was examined and
found useless. The catchment is 42 sq. mi. With a
channel, incleding & long tunnel, and a pipe line 3 wi.
Jong, it is reported that-a fall of 500 ft. conld be obtained.
The power available might be of the order of 400 to
800 kW. and the cost of development would be prohi-
bitive. See however the Purna River, in the list of
possible sites, where a combined scheme of possible
utility 1s suggested along with the Moga.

(9) Muran {or Morum) River, near Chichol:, Betul
District.—This river, a tributary of the Gangal and
Narbada, was examined 21 mi. N.W. of Chicholt (map
55 F/12), where a fall of 200 ft. could be developed with
a pipe line a mile long and at considerable expense in
tunnelling. The stream however 1s not perenmal and
is dry by the end of Apnl, and not more than 1,200
m. ¢. ft. could be impounded at the dam site exammned,
where the catchment is 121 sq m1 and the ramfall of
the two driest consecutive years 18 and 37 in. respec-
tively. It is clear that less than 500 kW. would be
obtainable at prohibitive expense, and the site is use-
Jess, (The Narbada itself is at about 1,000 ft and the
site at about 1,400 ft., so that no possiilities exist on
this stream or its tributaries lower down.)

(10) Narbade River —In the Prelminary Report,
page 86, mention was made of the Dharighat Falls,
G mi. N. of Ponassa Forest Rest House, in Nimar Dis-
trict, map 65 B/7. These falls and neighbouring rapids

were examined and it is reported that the dry weather
fall (9th February 1920) was only 25 ft. and not 50 ft.
s conjectured in the above report. The fall completely
disappears in the rains, In 16 mles above here the
cold weather fall of the various rapids was only 98 ft.
all told. The single fall at Dhanghat is clearly useless
for the reasons given when dealing with the Maheswar
{alls in Indore, further West, on page 63 of the Second
Report. Similarly the accumulated fall of 93 ft. cou'd
only be utilized by tunnelling the whole 16 mi., as
the banks are very hizh on both sides; and a diversion
dam would be required. A proposal to use a high dam
at a rite found 1 mile below Sakur Ghat (2,300 ft. long
and 180 ft. high), and to utilize this fall in addition to
the natural fall, has al:o been suggested ; but this would
alwo involve similar tunnelling. The afilux behind such

a dam in the case of a flood such as is recorded near

Maheswar ({2~ cit.) has not been ealeulated, but would

almost certainly put the idea out of count. For the

rame reason the proposal to use a lifting dam alone at
this place is Llely to prove impossible, though with
this methol of development a much lower dam would
clearly suflice. ‘This method presuppases rapids so that
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the afflux would not reach far back. The good fall
below Sakur Ghat would however probably enable the
tail waters to get clear away in flood times. This last
proposal is just conceivably possible, but would in all
probability be prohibitive in cost; it requires caleu-
lation to be made of the discharge, based on the flood
record referred to, and the afflux effect of that discharge:
behind dams of various heights  The flood levels at the
Hoshangabad-Budni Railway bridge are no doubt known
and enter the problem. On the whole it is not worth
while to continue the investigation here. See however
the Narbada River site at Mandla, entered among sites
for further investigation.

(11) Purna River, Amraoti and Betul Districts—See
Preliminary Report, page 86 This river was suggested
by Br. Batchelor as swtable for development. It was
examined at Junapani, 15 mi. due N. of Sirasgaon, where
the catchment 13 80 sq. m.. A channel of 16 mi. over
difficult country, with tunnels and aqueducts, and a
pipe line § m1. Jong would give a fall of 500 ft. The
yield would be some 700 m. c¢. ft.in a dry year
giving say 20, or with carry-over perhaps 23 cusees.
Some 600 to 750 kW. continuous power might therefore
be obtainable at great cost. It is therefore practically
certain that thus site should be relegated to the category
of useless sites, See however the combined scheme for
the Purna and Moga rivers, in the list of Central Pro~
vinces sites for further investigation. R

(12) Pus River, Marsul, Yeotmal District.—(Maps 55
H/8, 12 and 56 E/5, 9.) A possible storage site was
examined on this river, just 8. of Marsul village and
44 mi, from Darwha Railway Station, Yeotmal Branch.
It is pronounced “ certainly useless*” The river is not
perennial, so storage would have to be employed. By
means of an open channel from the dam site a fall of
90 ft. could be obtained. The reservoir site is large;
but only some 1,300 m. c. ft. of water could normally
be obtained, and the effective storage would be 888
m. c. ft. in bad years, giving 29 cusecs continuously,
The cost of the storage would therefore be out of/all
proportion to the 150 kW. or so obtainable.

(13) Sapan (or Sarpin) River, Melghat and Ellichpur
Taluks, Amraoti District—See Preliminary Report,
page 86. (Map 55 G/7.) 'This is one of Mr. Batchelor’s
sites. Near Wajar there is no suitable site for storage
and the fall available with a very long pipe line is 300 ft.
The yield, if it could be stored, i3 estimated to be depend-
able for only 9 cusecs in a bad year, from a catchment
of some 44sq mi. The small natural fall of 30 ft. is
useless alone and the stream is not perennial ; it carried
only 2 cusecs on 21th January 1920. The stream rises
rapidly to an elevation of several thousand fect,’ but
splits up into many branches with insignificant catch-
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rent ateas  The whale  stream appears to be
neclres
(1) Stalvsr Buver, near Anjangaen, Amraoti Die-
friet —In the Prelmmary Report, paoe £6, thie ate was
rmertiored on tle auntherity of Mr Batchelor, who
reearded gexeral ates as vorth investization, and who
believed g revenoir could be made wath a fall of 600 {t
avalable belaw it (Alap 53 G 3 7, 8) A reservorr
site wae found between Momparh and Raipur, but the
available fall at thi place 3= only from L 1.350 to
w250 or 100§t The rtream 1= not perennial and dnes
uprin Marel, and fram the catchment area of 43 5q ™
only 3% m e, it could be expeeted A eite higher up
wae aleo gndieated In Me Batelelor, where the total
fall to the plans would be 500 ft , this would therefore
be above L. 1,600 and the eatchment area 14 less than
30+ mi,  There 15 no rtorage rite here to take the
small yirld, and o channed of many mle< m length
would 1 any ease be nececaary  Ihigher up still 13
Mr. Batelielor’s third site, referred to above, with a
catehment nrea of 12 #q. mn, only By means of a
channel fome 20 1 long a fall of GO0 ft could be
obtamned ; but the total water avalable m a bad year
would b under &0 m ¢ ft or ray 21 cucecs giving
under 100 kW This niver 1~ near, and stmilar to, the
Chasdrabhaga and Sapan Rnvers Al appear  equally
useless,

(15) Tapte Riter, abore Burhanpur —The whole rniver
was exumined to the B, of this point up to the junction
with the Tawa and Ambhara (65 K/2), as 1t was indi-
cated o the Prelummary Report (page 88) to have
possible power eites The result 15 disappomting, and
the circle officer recommended no further nctiun There
is one natural fall of 50 1t at Dhanora (5% G/14) and
seven others from & to 20 {t , which probably disappear
m the rains  The sites exammned are us follows —

Sute 1.—Half u nule below Junction with Tawa on
squate 2 of map 55 K;2  The catchment here
18 204 sq. mu. with a proballe effective yield
the two driest consecutive years of 826 m ¢, ft,
gving 231 cusecs There 1s however storage
capacity capable of impounding 2 very large
carry over, and there 1s a substantial flow except
at the end of the hot weather The available
fall, including the Dhanora water fall, 15 only
103 ft. so the power would be not worth consider-
g At Dhanora fall itsclf the catehment 1s only
250 8qg m1 and though some channel would be
saved the site 13 equally useless.

Site 2,—Further downstieam at Bothi Sehar, 10 m
8.W. of Badnoor town, map 55 G/13. Here no
useful head is capable of development, and the
conditions proved unsatisfactory,
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Site 3.—At Ratamati; square 3 of map 55 G/,
below junction with the Betul River. The catch-
ment here is stated to be 848 &q. mi. and the
trobable effective yield 8,260 m, e. ft., giving a
diccharge of 176 cusecs. A fall of only 60 ft.
can be obtamed, so the site is useless. Two
possible dam  eites were examined, one being
1 mi. N.E. of Ratamati and the other 1} mi.
upstream  Both would be prohibitive in cost.

Stte 4.—At the junction with the Labada Nadi, on
equare 3 of map 65 G/5 near Ankhi. The catch-
ment area and yicld below the Ratamati site are
given as 485 &q. mi. and 3,980 m. ¢. ft., giving an
extra 86 cusecs or 262 cusees in all. A fall of
only G0 ft. is obtainable, so this site also is use-
Jees on account of the cost of the impounding
dam. There 18 however a good channel line
through the saddle enclosed by the loop of the
river, and there may be unsuspected possibilities

. Dlere.

Site 5 —At Rangobel,, square 4 of map 55 G/2.
The catchment, additional to that st site 4, is
535 ¢q mu. with an effective yield calculated as
6,500 m. e. ft., equal to say 185 cusecs or 447
cuseesin all A fall of 45 ft. only 1S obtainable—
presumably exclusive of the dam lift, though this
13 not stated.

It 13 clsenhere in this report pointed out that the
river might posstbly be developed by means of hitmg
dams

(16) Waghare Riwver, Yeotinal Districi—This non-
perenmal stream runs parallel to the Aran, but has a
far smaller catchment area  There 1s a fall of 15 ft.
near Waghan Takl village, but no reservorr site was
found by the mvestigating engineer. In any case, as
will be scen from the Aran River, there would be no
chance of commercially developing power from storage
on 50 small a head and with so low a yield. (Map 55
1,5)

(17) Wardha Rurer, near Pulgaon, Wardha District.—
(See Prehmmary Report, p 88) Mr. Batchelor esti-
mated this site to be good for 1,000 eh.p It was
exanuned locally and pronounced “ certainly useless.”
There 1s a fall of about 10 it. a short way downstream
of the G. I P Railway bridge (map 55 L/6), but no suit-
able storage site was found The discharge as early as
December was found, 1 1920, to be only 6 cusecs; and
1t 15 clear that on so low a head (even if it were possible
to increase 1t considerably by means of a channel) no
amount of storage would give power consonant with the
cost.

131. Madras; useless sites.—The folloning sites
1 Madras have been examined and pronounced uselese.

.y 21
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(1) Chandravauki River, Ettipotata Fall (Etipotla),
Guntur District—A reconnaissance was made by Mr.
Sreyd who found this site near Macherla useless owing
to lack of flow and excessive cost of storage. (Prelimi-
naty Report, page 89.)

(2) Palni Ills, Madura District.—The Gundar River
wag cxamined by Mr. Sneyd and reported useless except
possibly for a very small plant for Kodaikanal. Inview
of the Pinjikave site (q.v.} and other practicable develop-
ments in these hills the Gundar may be written off.
The minimum flow is about § cusees and no storage site
is available. With a head of 800 ft. only 250 kW.
continuous are available, at heavy cost.

(3) Siruvani River, tributary of Bhavani, Nilgiri
Mills—See Preliminary Report, p. 92. This project
was fully investigated and found wanting, in view of
other finer sites in the neighbourhood, 2tz ; Kundah
River and Pykara River (q.v.) The dam site was un-
{avourably reported on and the river will probably be
used for water supply to Coimbatore.

132, United Provinces ; useless sites.

(1) Darma River and Sobla Lake.—What power exists
diere is too remote to be of any use.  Site not identified.

{2) Ghagar Nadi, Murzapur—(Preliminary Report,
p. 101.) There is reported to be no fall above the
canal headworks which could be utilized for power.

(3) Gokna Lale, Garkual—This 13 almost certamly
uselss; but Mr Lyle's inspection note is printed under
“* Bites investigated * in the United Provinces

(4) Gori River, tributary of Sarda.—This river joins
the Kali at Askot, Mr, Lyle examined it up to Dawani,
bt found no good site. It 13 in any caso too remote to
be of ue. There are practically no roads in this tract.

(5) Sarastatiganga Rier, Garkwal.—Owing to 1ts in-
neces~ibility, beyond Badrinath and at an altitude of
tome 11,000 {t, the gite referred to in the Preliminary
Report, . 103, may be wntten off as uscless.

APPENDIX 1

Useful Hedraulie and Hydro Electric Dats (i round numlers
generally)

Flow of vater,

boused flow = 1eu i persecond = 62 4 1bs, per eecond,
- Goufi por minute - 3,548 1ba, por minute,
= 374 pallons per minute,
= 3,600 cu. ft, jor hour,
s R 4060 cu, ft. per day,
=+ 26 e ft. per month,
=2 51} e e fpee yesr

Gallons per minute — cesces ¥ 374 .

Gall 1 per mivute

b

Cuses -

WATER POWER RESOURCES,

[Para. 132.
1 cubic metre per second {or m3) =55:31 cu, ft. per second,

Regulating Storage,

100,000 cubic fect stored will give 316 cusecs for 24 hours

» R w2 no w12,
» »ow o w4 »oow 6
» woowo» » 9 wow 3.
" woom o om n 213 . w 1bours

Catckments and Reserroirs.

1 acre = 43,560 sq. ft. .
1 acre of water 1 foot deep = 43,560 cu. ft,
1 acre {oot.
1 square mile = 640 acres = 27-88 1 m, sq. ft.
1square mile of water 1 foot deep = 1 sq. mu. ft.
= 2788 m. c. ft., which will (in practice) give
a flow of about § cusec for 12 months, 2} cusecs per
4 months or 3 cusecs for 3 months,
1mchof ran = 100 tons per acre or = 3,600 cu. ft. per acre.
=64,000 tons or 233 m. c. ft. per square
nile. -

In practice, however, only a percentage, and ofter a small
percentage, will reach the reservotr; see paragraphs 20 to 24
of Report.

A continuous fall at the rate of 11n. in 1 hr. gives 1 cusee per
acre of catchment (100 per cent.).

Main storage.

313 m. ¢ it. stored 1s equnialent to 1 cucee fer a year;
but owing to evaporation and percolation mere storage weuld
actually be required. In round figures :—

1,000 m. c. ft

stored will give 30 cusces eontinuously for o year,

" ”" " 40, » 9 months,
”» " " €0, » 6
”» " " o, ” 4 .
» » w120, " 3 .

Power from flow.

On the practical basia assumed throughout this report
Cubio feet flow X head in feet
1
11 15 is the divisor, the result is in kilowatts.
On small projects 12 and 16 may be used.

= electrical horse poner.

Pover from storage.

Thousands cubic feet atored x head in feot
42
= e,h.p. hours
I the duvivor is 56, the result 14 in kW, hours or P O.T. units.
. llions cubic feet stared X head in feet
{u) Main. e - ——
370
= e h.p, years.
11 the divasor is 500, the result is in W, years,
Mulions cubie feet X head in fut X 17 = BOT, umts
One cusec-day = 24 unita for every 16 ft. of head,

)




ATPENDIX 11,

MODEL TOEM OF AGRELMENT I'OR GRANTS FOR

1m

WATER POWLR DLVELOPMENT,

Covrr~Ts,

Pream?le

Covuse ] —Granteer ta anelnde permitted aeoime,
II —Gmne tynd gert to crrtan rulee,
11 —Txedusne niztt tn water power at ate named.

Truse

Clarar

laune uprlase of worke 1y the State,
Clanw etretion on pophibounng prante.
lryar it to ermetrue work s

Claver § 11 =Uw f camal waler pomer

Clasr V'111.—Cannl worle

Clayse IX —Deturn of water nfter utilzation,

Clawes X —Hritoh Stan lards of proseure and frequency
A—~Teners fur plant

Clayar

Clawxs X[J.—Leaving of Government lan1 (o grantee
Clayse XTI =Ac uintion «of land

Clawer XTIV —Demateation of acquired Jand,

Cliuae A F —Poyalts foruse of water

Clavwe AV —Jent for use of vord s of the grantor
Clauke X V1, —Slare of profits of grantecx

Claure X 11 —Vaabality for damape

Claver XIX —JAccounts to bo kept.

Clause XX —Transfer of grant to a company.

Clante XXI.—Prolilation against sale, lease, etc., of grant
without concent.

Clause XX11.—XNo nght to License eonferred.

Clause XXI1II.—Sccunty deposit,

Clywee XXIV.—Determination of grant.

Clauee XXV.—Laabilities not affected by deternnation of
trant

Clauss XXVI—Disputes.

Clause XXVI1—Stamp daty.

Supplementary elauses for use in special cases

Clause XXTIII —Navigation nights to be maintamedin rivers
IX —Timber transportation Ly other parties.
Tacilities to be provided for timber trans-

XI.—FTotation of ttmber not marked or sawn
Clause XXXII.—Junsdiction of grantor sccond party.

Annexure. Model Form of appheation for a grant for water power development.

HYDRO LLECTRIC SURVLY OF INDIA.

Draft. Model Form of Agreement for Grants for Water Power Development

Torin of agrecment for grants of Water Power devdopment,

primanly from storage worhs and nut from nvers or canals,
from Rivers, with or without storage

from Canals

Preamble
THIS INDENTURE made the P day of 1V,
beiween the izt Hon'ble the Seeretary of State for India
i Counal (Leranafter ealled the grantor) of the  fist
part,* and., ... ..

together forming an 802 Lpgwn ag the L Luveinen
Company

Arsociation

having an address at .
Company

(hercinafter called the grantees) of the second part.

WHERTAS the grantees bemg desirous of carryng out a scheme
far generating clectrical encrgy by meane of utilizing the water

{to be) stored in a reservorr or rescrvours (Lo Le) construeted by
Government

at or near the locality shown.
them A

Notes on the draft

A Thesoreference letters A B C. are used throughout where
a clause or a phrase 18 applicable to ono or the ether
n. case.

C.

DPreamble —Tahen from tho Jumna River agreement.

* If o Native State 13 concerned with the agrecement tho addition
of a “ grantor second party ” may bo nccessary and the
grantees will bo *“of the third part.” See el XXXII

A B C. followmng according o nature of project.

A According to whether an exnsting reservoir constructed by
Government 13 to be used or not.
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Drait agreement.

of tle River........between the point....,......and the

«these points being marked by the letters.. ...

«ve..Canal between the pomt......snd the point
.these points being marked by the letters...vueue

on the plan bereto annexed, have applied to the Government
of.. . .(beremafter called the local Government) for a
grant for water powet development

In the Jocality aforcsaid

between the pomnts aforesaid.

AND \WHLEREAS the local Goverament, with a view to en-

courago ial and the develop of the
resources of the country by means of electrical power, has
» determined that such a grant as 13 asked for by the grantecs
~may properly be granted.

fand* whereas the 8aid reserorr site to the following extent,
that {3 to eay..,

said Juver 10 the portion of sts course referred to above
namely tlo portion betwgen the letters.. ..., .and......
on tho plan hereto annexed,

s31d,.,.......Canal in the portion of its course 1eferred to
above namely.. . iiiiiieniiaia

adjoins ({alls within) the terntories of the grantor sccond party
an] the said grantor second party has agreed to Lecome o
party to thus indenture in the manner on the conditions and
1o the cxtent heremafter appeanng]
IT 15 HEREDY AGREED AND DECLARED AS
TOLLOWS :—
Craniees 13 include permilled assigns.

L. —Throughout these presents the expression * geantees ™
wherever it oxcurs mesns the grantees specified i the
preamblo hero! anl ineludes whero the context so
permits or requites or after the transfer contemplated in
clause XX Lercof ther permitted assigns,

Grant aulject 15 certain Rules.
11.+~TLn grant barc.abefore expey ssed to be granted is in so far
a3 1t £elates to terntories for the tine being adoumstered by
the Il Government granted subject to the rules prescribed
by His Mafesry's Seervtary of State £or Inlia ant published
Ly the Governmeat of Inka as Besolution No. 933

MODEL FORM.

Notes on the Draft. .

Alternatives.

B, C.

A. * \Whero there 1s a * grantor second party “—secnoteon
provious paragraph—the extent to which the site is within
the Jurisdiction of that party should be mentioned here,
and also the agreement of that party to the mdenture, as
shown betwcen the square brackets. Inthat case tho
form should bo cxamincd for other clauses where the
grantor sccond party may appear.

.

Theso headings are put i for onvenienco of reference and
will not necessanuly form part of the agreement.

Clause I.—Taken from the Jumna Ilver agreement.

Transfer of grant to o Company.

Clanse I1.—Tshen from the Jumna Piver agreement, with
additions from the Peniyar concession.



DRAYIT AGREEMENT,

- Dt acreement.

of the Dipsrtment of Tintner anl Commerce dated

anld e xanc s of the au
ef e peant as rrqumired by the w31l rules, bhas been sipmified
rrwr tinruander the Tand of the Kerevtany to the Government
of Irliman the cpartment an letter No L. L ...,
dated

Freluser envelt to wmiter pover al #ite named

IL—=Sabyert anpe hierenalter mentionsd the prantees shall have
the aole anlesclayce nzhbt from the date of theee prescnts to
ure the water power

witlin tbe mits pamed

of the Thver,,

of theereiieiiiiiiiiiinienna  Canal,

im the manner above mentioned, but only for the purpose of
the peneration of clectrieal encrgy.

PROVIDED ALWAYS that the prantors whiall not be lable for
any lose, damape or meontemence which may happen to the
Frantecs Iy roscon of any deficrney an the watcr anang
othcrwine than sx the dircet consequence of any sction taken
Ly them or by the loral Goscrument

PROVIDED ALSU that sfter the oxpiry of .. ..
from the date of these prescnts the Goscrnmentof ..
¢hall be 8t Lberty to graut to any person or persons othv.r than
the grantecs, grants in respeet of such proportion of the water
flowing o the said,, ... . .as the grantees shall not tll
then have utilized

.years

Purchase of works by the State

IV.—After the cxpuration of a peniod of (60) 3 cars from the date
of tlus grant, and after giving not Jess than two years’ notice
of lus intention to the grantce, the grantor shall Lave the
option of purclasing the whole of the works constructed 1
pursuance of the powers heran given and, if the grantor
dleets to purclase, the grantee shalt sell the said works to
the grantor on payment of the thrn value of all the lands,
buddings, works, materials and plant, such value m the
absence of agreemcnt Leing determincd by arbitration on the
basis of 8 going concern

Restriction on neighboursng grants

Subjcet and without prejudice to the provisions of the
Indian Electricity Act, 1910, or any statutory modification
or re-caactment thereof, no geant shall be granted by the
local Government, to auy other person or company for the
construction of any worka for gencrating electuical encrgy
from water power withm a radis of ..., milesof the site
referred to 1n this indenture until the option of taking such
& grant on terms not less advantageous than those proposcd
to bo granted to such other person ot company shall have been
offered to the grantees and ather dechined by them or not
acceptcd within six months from the date of the offer.

the
trentedt dav of Fobenary 189 an s ibeequently amended 3
#itr~s conrrrnrd to the pranting

{Notes on the draft,

Clawer 111, —Taken from the Jumna River agreement, modified

1Y) Ten or {wenty ycars is suggested
or b
C.J Ruver or canal,

Clause V.—Taken from the Bari Doab Canal agrcement, clause
10, modihed.
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Draft agreement. Notes on the Dratt.

Right {o construct works.

V1 —The granteea shall bo ot Liberty for the purpose of carrying
into eflect the above-menttoned scheme to ercet power houses
in the locality and within the liumts named and to construct
such weirs, reservoirs, channels, tunnels, pipe lines and other
works within the =aid hmits as may be necessary for the
yurpose of the said scheme ; but the grantees shall not, except
with the sanction of the local Government, construct such ~
works in a manner wluch will render the site incapable of full
development at b later date, if a partial development only
is contcmplated in the first instance :

PRROVIDED ALWAYS that the ercetion and construction of
all the works above-mentioned both as regards number,
situation and design shall be subject to the wnspection and

NP

2 323 Prasmmmmcanmt and mn s racl fhad! Lo ane

Clause VI~—Taken from the Jumna River ugmement. with
additions to worhs enumerated
* Clausc II of Agreement,

of the Chief Engmeer,.s..........Branch first had and
vbtained.

Use of Canal water power R

Vil.—As soon as the prantees are ready by means of thar  Clause VIL.—Taken from Clause 6 of the agreement with the

worhs constructed under this grant to undertake the genera- Punjab Power Association for the uso of the power of the

tion of clectrical energy the local Government will instruct Bari Doab Canal, with additions as noted.

ke canal officer responstble for regulation at the head of the

said canal to mantain, and therc shall thereafter be mam-

tained, subject to the conditions heremafter in this clause

contained, a continuons supply of water to the power channel

in accordance with the requirements of the grantees from time

to time but subject to a maxunum lumt of.. ..., cusees.

Lvery «ndeavour will be made on the part of Government

snd its oficers to prevent interruption of the supply but

Govarnment  shall mcur no hability whatsoever to the

grantees for or in teapect of—

(a) Interruption of supply due to circumstances beyond thoe
control of Government and its officers ;

(V) LEmergent mterruptions of supply considered necessary
Ly tho canal officer responaible for regulation at the
bLead of the (anal (whose certificate to tlus effvet
shall be conclusmine) 1n ease of floods or for nrgent
repairs,

{¢) Any interruption due to the pustabe or error of judg-
ment of 8 Government ser»ant wlule acting 10 good
fasth;

[ () Interruptions of supply durmg the customary pertod € only.
of the annua) closure of the canal for repars, of  Sub clauses (d) and () have been adilud to meet eases whero the
which due notwe will be given to the grantees ; canal ts normally closed for the reasons given.  They do not

(¢} Interruptions of supply at times when the eanal is appear in the Bart Doab Canal agreoment.
tlosed ewing to water not bewng requrred for arnga.
ton purposes, it being agred that the use of the
eaul canal for the generation of «lictrical energy is
sub=idiary slwsy s to tho use of the same for ity prime
function of rengation] t

PROVIDED ALWAYS that Gosernment shall not Le required
£ provale a greater measure of secunity B2ANSY INtCPrUptions .
«1aapgly than s affonded by the system of river works con-
soderel safuient by Gorverument for the protection of the ‘
rutlo tarercsts 10 or depunding upon wrngstion and that
st furtler sccunty to thus enl is raquired by the grantees and
Goverzment aball Lo able 2ot willing to affoed of furmsh such



DRATT AGREEMENT.

Draft azreement

srconats the prantecs ehall pav the eoet of ad Ditioral worke
teceesany for aftording or furmiclung euch ecurnty,

Canal Werl«

VITT <711 plane and devizne of all wind s and channcds wlich
will fall aithen the canal boandanics shall de submitted by
the prantecs for the npproval of the Chucf Foamneer, Trnza-
ton Branch, and be approved Iy that oflicer hefore worl, 1o
ecommeneed on thrm, and the Joeal Gosernment may et it
dierretion undertake the  construetron of any enel
works, the cost therenf nedading the T partmental clarpra
n fores beng bamne by the prantecaand certified Ty the sanl
Chie! Lnoimerr whowe ¢ortificate both as 40 such coct and
approval or i approsal of any plana or deszns submutted
ta bim uneler or in pursuancc af this claose shall be final and
binding on the

The Claef Enginecr slall, when commumieating approval of the
dergne snbmitted, rtate wlich works, of any, are to be
construeted by Government and such worke, of any, as are
construetes] by the prantecsc ehiall e eonstructed under such
supersmon ne may le condend neeessary by the Chuct
Inginecr and 10 s watisfaction i all respeets,

grantecs,

Narigalle Ruers

Return of waler after utshzation,
IX.—Tle grantecs shall return all water utslized by them in the
working of the sard echeme tothe ...,
without pollution or dinunution except ulm\(mlnhlc loes Irom
sbsorption or ¢vaparation

Tember flotation

DBritish Standards of pressure and frequency

~The prantees in carrying out the worhs contemplated by
tlns grant shall employ cxclusnely the Brtish Standard
leetrieal pressurcs and the Briush Standaid frequency of
50 periods per sccond or the subsidiary standard frquency
of 2% periods per sccond,

Tenders for Plant

X1.—Before the grantee invites tenders for plant 1 connection
with tlus grant the speaifications of the plant requized shall
bo fornirhed to His Majesty’s Trade Commusmonct n India ,
end the date on whuch the rard tenders shall Ve dealt with
#hall be 80 fized as to give manufacturers i the United
Kingdom sufficient time to submit tenders

Leasing of Government land to grantees.

XIL—The grantors sball lease to the grantees if 1 the opiion
of the local Government {or of the ....a8the case
may be) 1t 18 practicable and desirable to do 50 such lands
1n the possension of Govcrnment (or of the said, . ... .. ..
rospectively) as may m the opunon of the local Gloyc rnment be

175

Notes on the Draft,

Othcr =pecial canal elauses may have to be added here ; but
see elause VIIT

Clanee VIIL—Taken from Clause 4 of the Bari Doab Capal
agTeement

C only,

Tor draft cJanse as to Navigation nights see the supplement at
end  Such a elauso will not usually bo required m Canal
concessions and never for reservorr schemes,

Clause IX —Taken from the Jumna River agrcement, clavse
Ir

The stream or canal into which the tail raco will discharge
should be speeaficd  Ordinarily this will be the river or canal
from winch the water was taken, or the stream draming the
valley dammed  Cases will however occur wherc a watershed
1 tunnelled and the discharge 1s 1m a different catchment.

Speenl clauses dealing with this (applicable to nivers) will be
found in the supplemcnt at the end, and will probably be
placed bere where neccssary.

Cluuse X.—Tt has been generally agreed that in future only
Butwh Standard puessures and frequencics should be per.
mitted  The only c‘(ceptmn 14 that hxtherm the British Engi-
necring Stand has not
beyond 11,000 vulls and that higher pressures such as 15,000,
33,000, 66,000, and 132,000 volts are used for transmission of
power,

Clanse XII,—Taken from the Jumna River agrement, elause
VIL

() Tlus phrase 13 to cover 1 ¢ case where a Natnve State is
involvad as grantar secontd parly—see Preamtle.
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Draft agrcement.

neceasary for the purposes of the undertaking of the grantees
upon such terms and conditions as to payment of rent and
othersise ag #hall be mutually arranged between the partics,
such terms in the case of dispute to be settled by the local
Government, whose decimon ghall he final and binding upon
the grantees

dequisttion of land.

XIII—{In the cvent of the transfer of this goant to & company
with the permission of the Government of......as contem-
plated in elause XX hereof) the Jocal Government shall,
subject to any conditions as to 1t may scem f{it, acquire m
accordance with the provisions of the Land Acquisition Act,
1894, or any statutory modifieation thercof and transfer to
the company such land within the terntories for the time
being administered by the local Government as may 1 the
opuuon of the local Government certified s aforesaid be
necessary for the purposes of the undertaking of the grantees
on payment of a lump sum amounting to the whole amount
of the purchase money and tho expenses of the acqmsition
thereof together with twenty-five times the amount of the
1and revcnue remutted on the land so acquired

(The nequisition of the land situated withn tho territories of the
grantor sccond party by such company shall be the subject
of mutual agreement between the company and the grantor
eecond party.)

Demarcation of acquired land.

XIV.—The grantces ghall maintain at all timea the outer boun-
daries of any land, sequired by them by purchese or other.
wite for the purposes of this grant demarcated in a con-
£picuous manner.

Royalty for use of water,
XV.—The prantee e)iall pay to the grantor a royalty upon the
fallowing scale, for all powcr wlich ke may develop in con.
fiection with tlus grant,

Rent for use of Works of the grantor.

XV¥I —In conudiration of the direct or indirect use by the
prantecs for the purpose of thar works of the reservoirs,
canals, cansl headworks, regulators and other hydraulic
wotks, the property of and constructed by the Government
as irnsstion works and garticularly indicated on  the
annexed plan the grantees shall pay to the grantar an
annus! rent to be calculated on the capetal value of the
said resersoirs, canal head works, regulators and other
hydraulic worls 60 far as these o within the area
e ed ately connected with the grantees' works and are
utilred by tle grantecs for the purpose of therr worls,
such mrrusl rent to be charsed at the rate of .oy ovu. . Jper
eent. per 81rum en the cajutal value of the sard works:

PLROVIDED that no part of & cansl at a distance exceeding one
Londrel yands from the poant where the grantees shall divert
thewatereltt sanlearaltot) rirworks or abike dutance from
the (o oat where the frantees shall retum the water to the
same after utthizaton atall be taken iato consuleration in the
conipatati of the annual reng payable unlor thes daue,

MODEL FORM.

Notes on the Draft,

'

Clause X111.—Tak n from the Jumna River agreement, clanse
VIIL

Norte 1.—The opening phrase o} this clause does not take into
account the amendment of the Land Acquisition Aet, 1894,
by section 57 of the Indian Electricity Act, 1910. Ths amend-
ment nter aliz allows the acquisition of land for a person not
being a company. The clanse, however, being m every case
a matter nt legal drafting, has been lgft m its original form.

Note 2.—The acquution of land by a person or a company
seeking a grant should invariably be the subject of a separate
agreement, which can be so drawn up as to ke completed at
the same time as the mam agreement. Otherwise great
delay will mnvanably occar,

{ ) To cover the case where a Native State is mvolved.

s

Clause XV.—No royalty should be charged in the ease of
natural sites or of power used for electro.chemical or
metallurgical processes in the imtil stage of operations.

Clause XVI—1t appears legitimate, where existing irngation
works are utilized, the cost of which would in other cases have
to be borne by the grantce, that he should pay some royalty
on the valuo of these works. On the other hand, any such
rayment inevitably becomes a tax on the electrical energy
supplied or (on the merchandiso manufactured by it) so that
1t 13 queationable whether 1t i3 to the interest of Government
to make more than a nominal charge. A rato of one per cent.
ia suggested ns of the right order, though 1n the case of large
dams this would Le excessive, In any agreement the works
enumerated i the clavse should bo confined to those
actually used,

.
The limits suggested are arbitrary and based on no precedent §
but a strict linutation 13 evidently neccasary, B will

C perhaps be preferable to define the hinits Ly refereace to
J the plan.



DEAFT AGRELMENT.

Draft azreement,

Kinre of profits of granters,

AVIT—¥hen t)e ancomr, upen wlach the company formed
ta the sranter under cdvuse XX bereof shall be acceseed for
the porpones of income tax under the provicons of the Indian
Ineame tax Art, 1916, or any statutory moditication thereof,
+Tall in any year exeesd ten peroeentum of the agoregate
putap cap tal of the earl company, the foliowing provisons
shall have « Teet, namely

{a) M the end ancome thall be more than ten per cent. and
nnt morc than 12 per cent. of the #ud capital the
Fantee elall ) to the prantor one tenth part of
the (xress meome over ten per cent

- (8) 1 the pur b anrome #hal! be more than twclve per cent.
and pet more than fiftern per cent the grantee ehall
a3y tathe grantor one Wfth part of the exceas income
over ten percent,

(e} 1 the pard incomre hall be more than filteen per cent
end not more than twenty vr eont tho  grantee
thall pay to the prontor one third part of the excess
mecome over ten prr eont

(d) 3{ the rard income shall b more thau 20 per ccnt, the
rantee ehall g1y to the grantor one hall of the
cxceas 1ncome over ten poroont,

The easd payments (o ang ) #lall be nade by the grantee to such
officer ax the Jocal Government ehall nomuinatc in that bebalf
watlun three months from the date on wlich the eard asscss-
ment for 1ncome tax 1« made

PROVIDED ALWAYS that the grantie shall Lo at Llerty to
maks ench reductions in the pricos charged by lam for elee-
trical encrgy s will bt the saud income 1 such manner s
be may thnk it

Laability for damage
XV —The grantee ~hull be so<ponsibly o (] foss o1 damage
ansing through the escapn of watur fiom thur rescrions,
chanpels and pipe by fud 1o the bursting or collapee of, or
leahagt from the said res rvou, chanuels of pipn lines and for
all Joss or damage causcd by any osvertlow of water over the
banls of the said, .. ,. .which 33 duc to any dam o1
otler obstruction creeted i conncction with thw grant
and for all loss er damage wineh 1s duc to the fahue of
any of the works comstructed m connetion wath thiy
grant provided that such loss or damag  dous not ars
from an carthquake or othcr convulsion of naturc or any
act of the King's encnmes, snd shall fosther ivlemmty the
grantor agamnst all actons, suts, clams and demands on
account of any such loss or damage ay aforesaid

Accounts to Le Lept
XIX.—The grantees shall heep truc and accurate accounts of
all expenditure and shall publish such information at such
times and 1n such form a8 the local Government may de mand
end shall pay all royaltics and other charges payable by
them under the terms of thiy prant at such times as they may
become due aud shall permut the grantor® o1 his ofhecrs,
servants or agents duly authorized in that bebalf at all times
during the hours of daylight to enter upon the premises
occupied by the grantees for the purpose of tlus grant and to
view the same and the works carned on there and shall fur-

Notes on the Draft,

Claver XVIL—TIns clause is an attempt to mahe a fair shidng
scale of profits and royalty. By taling the incomo tax
aswessment (rather than the dividend) ay the bams questions
of depreciation and reserve funds need not be taken mto
considcration A similar basis 13 wsed in the Peryar conces-
«ion Ten per cent, 18 a farr “ standard dividend ™ 10 India,
An alternative method of profit sharing has been suggested,

The payment would bo made on the profits of the previous
year

Itas proferable that the cxcess profits should po to the consumer
tather than to the tovanment In the case of a grantee
using power for mdustrial purposes this proviso would need
modification to apply to the manufactures produced.

Clause XVI1I —Taken from the Mansan Falls and Kanbauk

me agreunents

River, strcam ot capal

This addition 1s taken fiom the ongmal clause * Accounts ™
ncxt fullowing from the Jumna River agrecment.

Clause XIX.—Taben from the Jumna River agreement.

* Lurst party, 1f there are two grantors.

Certamn watters dealing waith damaze and compen-ation that
appearcd an the ongal of this elause have beon transferred
to the preceding clause dealing wath ** Liatality for damage.*

2
s
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Draft agreement.

nish all such information in relation thereto as may bo required
Ly the grantor or his officers,® servants or agents authorized
a9 aforesaid :

PROVIDED that the grantor{ and the local Government
may uso all such information as may be furnished under this
clause without himitation for their own purposes :

PROVIDLD ALSO that the information so furnished shall not
Vo made pubhic by the grantor 4 or by the local Government
without tho consent of the grantees savo in so fat as publica-
tion of such information may be required under the provisions
of any law from time to timo 1n forco or of any rule made
thereunder.

Transfer of grant to a company.

XX.—The grantees shall within.. ... . years from the datc
of this indenture form and register under either tho English
or Indian Company Laws o lumted hability company with
8 capital and with a memorandum and articles of assocration
to be previously submitted together with the terms of sale
to the company for approval by the loral Government for the
purpose of takang over and working the grant hereby granted
and the local Government if satisfied with the capital, memor
andum and articles of association and terms of sale will autho-
nizo tho transfer to the said company of the nghts and hab-
Litirs of the grantees under tlus indenturo :

PROVIDED ALWAYN that the transfer of the mghts and
habilities conferrcd and imposcd by thus mdenture shall not
rdieve the grantecs of lability in respeet of anything done
or omitted by the grantees wlncli would attach to the grantees
but for such transfer,

PROVIDED ALSO that of such humted halility company bo
not formed 1o the manner aforesaid witlun the preseribed
peniod it shall belaw ful for the grantor to cancel the concession
Lerchy granted without notice to the grantees.

Prolilation against snle, lease, ete,, of grant without
congent.

XX1 —Save a3 heresn otherwise provided the grantees shall not
ecllpub lease mortgage transfer or asatgnin any way whatever
thewr nzhta or obhigations hercunder except with the previous
consent of the local Government.

No night 1o hicence conferred.

XXIT —The sa1d grant shall not confer upon the grantees any
nicht or ctaim to the grant of any licence under the Indian
Elctnaty Act, 1910, or any statutory modifieation or re-
enactment thereof, and nothing herein contained shall restrict
o7 Afect the power of the local Government under the said
Act or mny statutory modification or re enactment thereof
anltle rules thereunder, which 1s hereby expressly reserved,
10 refect any application for such a Leence or to grant any
L ente sabjrct to all or any provisions or conditions which
unler the eail Act raay bo made apphcable or attached
to or compniml 1n sny sick lience and the grantees will
sotbe entitla] 1y virtue of this concession to clam dam.
B¢ or comprraation from Government or the grantor on
tho pround of ia reypect of the refusal or revocation st any

tize ot any such Lienre notwithstanding anything done by

the grantecs in the exercise of thelr tights or fn wirtue of their

ol satins enler thi grant. No licence ahall however

e reliscd 03 the groun) alons tlat the construction of the

MODEL FORM.

Notes on the Draft.

+ First party, if thero are two grantors.

Clanse XX.—Taken from the Periyar agreement. This form
is preferable to the similar one in the Jumna River agrecment
1 which the obligation to transfer 13 relegated to o proviso
to a clause forbidding the sale, lease, mortgage, ctc., of the
undertaking, such as follons next in this draft. See also
clauge ** Determination of Grant."

The period specified 1n the Periyar agreement is 1} years.

"I'lus should perhaps bo incorporated with the preceding elause.

u . .
of land acquisition supra) steps should bo taken to cnsurc
deration of all appl d with

the gront.



DRAFT AGREEMENT.

Dratt agreement.

wo-ks for the prnrration of electrical energy contemplated in
or by the pant 15 in jtse}f independently of the manner of
rack constroction inexprdient,

Rreurity depotit.

XXIT —The prantees shall within thirty days of the execution
of thie arreement depont wath the Seerctary to the Govern-
ment of......, . Government Promiscory Notes of the value
of Rupees, .., e part recunty for the due fulfilment of
cach and all of the conditsons of thes azreement and the said
Prorieenry Notes ehall be Dishie to sbealute forfeiture to the
grantors as part indemnity o the event of the determination
{or anv rufirient cause of this agreement by the grantors
b fore the expiry of the term for which 1t 1s granted but other.
wire #hall be purrendered in full to the prantees st the expira-
ton of the full term of this agreement or the sooner deter-
mination thereof Ly mutual con*rnt Al interest acerung
on 1l #u1d Goyernment Promiseory Notes prior to the for-
feiture thereo! ta the grantare ar eurrender thereof ta the
prantees as above prosided shall be pryable to the grantees
through the as 1t from time to time acerues and
becamer due  The prantces shall by way of further securnity
guve 1o the grantors a bond for the sum of Rupees.
10 Wi executed aimultanr ously with theee presents for the due
e rformance of cach and all of the eaid covenants such bond
16 be deemed and taken to be for the performance of & publio
duty or act in which the public arc nterested within the
meatung of the cxception to Bection 74 of the Indian Con-
tract Act, 1672,

Determination of grant

XXIV.—Tius grant may be determined by Government i any
of the {ollowing events .—

(a) In the event of the resocation 1z whole (otherwise than
by consent) under the Indian Llectricaty Act, 1910,
or eny atatutory modification or rcenactment thereof
of any liccace or Licences which may have been
granted to tho grantees thereunder 1 conmection
with this grant -

(4) In the event of the grantecs malang default which
the opinion of the local Government (whose decision
as expressed m wnting by the Becretary to such
Government shall be final and binding against, the

18 wilful or il d 1n the
construction of the works hcrembdore contemplated
and m the commencement of the generation of
electrical energy

(¢) Ifat theend of .. years from the date of 1ts formation
and approval the company formed under clause XX
hereof shall not have commenced to exceute works
for the utilization of the water power referred to in
Clause VI hereof or if at the end of ,. years
from the samc date the company shall not Lave
installed at the site of the works in complete workung
order plant capable of generating not less thon ..
brake horse power at the turbin shafts or if such
plant shall not Le mamtaned in good working
order:

(d) In the event of the grantees ceasing for n period of
+« months durng the continuance of thus grant

Notes on the Draft,

Clause XXIII—Taken from draft agreement between the
Punjab Government and Punjab Sugar Works,

Winle substantial secunity should be deposited by the grantee
{or by the applicant) to ensure his carrying out the works
(as demanded by Clause I of the Schedule to the Indian
Electricity Act) the actual agreement should provide for the
repayment of the deposit in the case of publie utility com-
panies when the supply begus.

In the ensc of concerns pnmanly industral the Government
would have no power of compulsory purchase and secunty
should be Lield as a guarantee that if the works are abandoned
other persons can uso the power,

Clause XXIV.—Taken from the Jumna River agreement, clauzo
XV; but modified as noted.

Clavse (c) 13 taken from the Penyar agreement, clause 2.
Periods of one and four years are supggested as reasonzble.

The period n the Jumna River agreement, clause XY, is tvo
years, but this is unnecesanly long  Six momhs or ln: is

§. N
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Draft ngreement.

after the date of of the i

MODEL FORM.

Notes on the Draft.

of clectrical energy, to generate such energy {and to
offer 1t for public supply):

(e} In the event of the grantees becomng bankrupt or
entering mte hgqudation s

(f) In the event of the grantees failing to pay any sum or
sums of money that may be dne from them to the
grantor undcr the terme of clauses ., hereof
within a period of six months from the date of o
written demand by Government for such payments
made after thev have fallen due or in the event of
the non-complinnce by the grantees sith any other
of the termas and conditions hereof.  Otherwiso the
grant shall endure for the'same time as the Licence
or licenses to be granted as aforesuid and shall deter-
mine whenever such heence or licences determine.

’

Liabrtitien not affected by determnation of grant.

XXV.—In the event of the determmation of this grant under
sny of the provisons heranbeforc contamed such determina-
tion ehall be without prejudice to any kabilitics meurred by
the granteca to the grantors hercunder or any claim or demand
Ly the grantors in respect thereof all which shall remamn
unaflceted and the grantees shall not have any nght agamst
the grantors for any compensation or othcrwize 1n respect
of any cxpenditure made labihitics meurned or things done
repect o 1n conseqquence of or under ths grant

Ihsputes,

XXVL—In the event of any dupute of difference or question
ansng bowoon the parties hurcto as rogards this undenture or
the interpretation or conrtruction of any of the tcrms or
provisions liercof or any matter connected herowith or with
the operation horeof or the nghts, duties or obhgations of
aither of the ~a1) partiey in redation to the prenuses and
whether during the subsistence or after the detcrmunation
hiereof such dispute or difference shall be rferred to the
arbitration of two arlutrators ona to be appotnted by each
party, Inthe erent of disagrecment botween the aelutrators
the dispute or difference shall be s ferred to an wnpire to
b chosen by them whose decason shall be final or the matter
ahsll be reforred to an ofticer to be nommated by the
Government of India whore deciston shall bhewise be final

Stamp Duty
XAVIT 11 eranp duty Lereon shall be borne by the grantor,

IN WITNESS WHEREOF the partacs bereto kave hereunto
et tharr Pandstle dsy anlycaraborve wntton
Sizunl by

Sectrtary totha. L L. doran Lon bebislof the, .., ..
aetng an the {remies for and on bahalf of the Noretary of
Mate o Dalam Councd in the prosn ¢ of

Witr ooy
Withews

Simed by
Witrms
Wita~s

1, =0 long a cessation is unknown n electrical supply,
This qhould ueually be a condition but not necessarly in case
of works for purely industrial purposes,

Clauses dealing with royalties and otler payments : sce List of
contents. -

Clause XXV.—Taken Irom the Jumna River agreement,
Clause XVL

Clause XXVI—Taken from the Kundsh River agreement.

Clante XX VI —Ths 1s common to many of the agreements.

Grantor,

Grantecs.



DRAFT AGREEMLNT,

Drft arreement.

Lupplementary elaurre

Narmeriinn viadte tn be mminfained an ricere

XXVIIT T+ crantrew ehnll oo consiruct their work that the
navieaton m the Brser mav be ermed on as
Lewtofor ar by means of Iorbs Lfte or other devices, at the
sl cont nf 110 grantees and na toll or ather charge whateo.
ever ehinll b e npon any prreon nasipating the snd nver.
The plans of all workx to b creeted on navigable nivers shall
be sul jeet 4o approval Iy the Ioca) Government

Tymber transportation by other parties,

AXIN  Ths prantars heredn aprec with the s prantees

thit the prantors wlen cntenng into contract deeds for
forest produce transported by the River «.and pass.
m. the grantees  worke  will ansert 1n all such contract

divds thataf the party or parties to whom such contract deed
ma) I piven trinsports lur or their produce 80 that euch
produce will or may feach the beid works of and belonging
1o the gud grantecs on or between the, L Land the,...,
1m0 cach and e vory vear dunng the cxmtence of the saud con-
tract puch transportation will be at hus or thar own risk and
neither the grantors nor the grantees will be responsible
for any delay that may occur

Faclihes (0 be provaded for timber transportation,

XXX —Sulyect as 18 Deranafter mentioned the grantees
shall ot all times take such steps aa may be ncm-»nry to ensure
that all eawn or marhed timber .. P
proceding 1y flotation down the sand Tncr . .. ohall
paws without asorlable It lundrance or detriment over
tuat portion ot the rner affccted by the prantced’ works and
more particularly—

(a) eball make a!l possible arrang ments within reason to
define and heep clear the maimn stream of the river
... ...withi thor Imis by blasting
mLLa aml hy confining the watcr 1o one changel s
(¥) shall make and mamtan & ripanan pathway where
required by the Divisional Forcat Officer ... ...
Tnvision, to facilitate the moscements of the gangs
employed on flotation within those Jumits s

(e) shall at all times allow a muninum quantity of water of
. cusces to pass through or over their weirs:
(d) on or Letween the ., .and the,.......they will
v flushes of water 1 order to assst floating within
thewr linuts when required by the Divisonal Torost
Officer, .....Iwison (or the Conservator of
Forests, .. }, prowided that the quantity of
water n the mver permts this to be done without
curtang the quantity required by thar works:
(e} aftce the,, ..., .and up tll the commencement of the
ramy season they will give extra flushes of water
whenever requircd by the Divisional Torest Officer
. Division (or the Conscrvator of Porests ., ..}
{f) that they will provide boats when required to do so by
the Invinonal Forest Officer Division (or
the Conscrvator of Forests..,....; to 8ssist 10

the passage of tunber through their reservoir s

181

Notes on the Draft,

B. The following clauscs, dealing with navigation rights in
nivers, flotation of timber, and the jurisdiction of the granter
second party, will not generally be required and are therefore
kept separate.

Clauee X\'l'III.—Tluq clause will only be required for
navigable nvers, It 13 not besed on any existing agree-
ment, and 14 inserted as 4 reminder to meet cases as they
arise,

N
|
S
|

J

Y Clawse XXIX.—Taken from the Jumna River agreement,

] clause IV, with * transport  substituted for “export ™
to make 1t more gencral Where no such transport of
timber by the niver by outside agency is practised the

+B. clause will not be required.

|

l ‘The dates in the Jumna concession aro 1st September

J and 15th February, but will naturally ery with the

locality and circumstances of each ease.

Clause XX X.—Taken from the Jumna River agrecment, clause
V. Tt will only be required in the case of rivers used for the
transport of timber by the Government or by Native States
whoso territories aro above the works. Particulars or hmita-
tions on size may be wserted here.

Sub clause (¢} may not always be necessary or desirable,

The dates here entered in tho Jumna agreement aro the same as
those mentioned n the note to the preceding Clause XXIX,
viz., lst September and 15th February.

‘This phrase is to cover the case where another Administration
or o Native State 1s involved.

"Tlo date here entered 1n tho Jumna concession is the later date
mentioned in sub-clause {d), iz, 15th February.

See note to Sub clause {d).

Sec note to sub-clause (d).
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Drafs agreement.

(g) if nfter the,..........and beforc the rainy season
any batch ot timber consisting of not more than
+.+».pleces approxumately is delayed within the
grantces’ Limits by any cause otber than ono for
which they are not clearly responsible, such as a
landslip or the scattering of the batch by & freshet,
for more than twenty days counting from the date
onwhich the tail of the batch passesinto the grantees’
limits to the dato on which the tail passes out of the
grantees' limits the grantees will ho subject to a
{ine not cxeeeding .., . per diem for each day that
the tail of the batch remains within their hmts
mexcessof ... .. days at the discretion of the Forest
Officer,. .. Division, and subject to appeal to
the Committeo provided for in gub-clause'(A) The
amount of such fine ehall be pard to the said Foreat
Officer within one month of the order imposing 1t,
and that officer shall decide the method of disposal
thereof :

(k) any dufference or difficnlties arsing between the parties
with regard to flotation shall be decided by a Com-
mittce composed of the Supernintending Engineer,
Irngation Branch, the Manager of the Hydro-
Eleetric Worhs, and the Conservator of Forests,
«eservs.Circlo (or the Conservator of Forests,,,,)
necording as the timber has been brought from the
{orests of the local Government (or of the , . .
Btate) and the decision of the majority of the Com.
mittee shall bo final
Flotation of timber not marked or sawn,

XXXI—Timber which may be brought down by the tiver to
the works of the grantees but 1s nerther sawn nor marked need
not be passed through the works or down the river by the
grantees. Butaf 1t 16 removed from the niver by the grantees
it ehall bo hept Ly them at the disposal of the Government
and potice ehall be given penodically 8t such intervals as
sy be required by the loeal Government or any of its Forest
Oficers of the removal of drift wood from the river and its
rrtention at any point by the pgrantees, provided that the
prentees 1f they po destro 1nstead of removing such timber
from the rver may trim 1t 60 as to make it pass easily through
thelr works or down the river and allow it to proceed,

Jurisdiction of grantor second party,

XXXII —It 13 hereby further acreed and declared that nothing
Lerembeforo contamed shall te so construed as to aflect
15 any way the jurndiction of the grantor sccond party over
any portivs of bis terntones to which thiy agreetnent may
becote applicsble,

Modd fom of Appliration for a Crant for the utilization of wcater
preer for fhe gemeraton of electrical emergy

1 qle datnct of, | of,
ratiopaliy cevessss 4 Lereby male apgLication for
& gruet fof e vulaation of the fol! ywing described waters—
L The souree the water of which 1t 14 Fropomed to utilize
Paasas aaoontontelin taluk {sub-ding.
on, ete) fa the dotnet of ,, erasseertane

MODEL FORM. 4

Notes on the Draft.

As in sub-clauso (e).

Fifty rupees in Jumna agreement, clanse V {g).
Twenty days in Jumna agreement.

Required only when a sccond Administration or & Native State
1 mvolved,

But sce clause XXVI,

Clouse XXX1—Taken from the Jumna River agreement,
clause V1 see first note to preceding clause,

Clause XXXII will only be required where a second Adminh.
tration or a Nativo State i3 mvolved ns a party, It is taken
from the Jumna River agreement.

Name and address of apphcant in full. Town Fresidency or
State.

It the applicant is a Company atate date and place of incorpora.
von,

Name of rivir, stream or other pource, M



DRAFT APPLICATION FOR QGRANT.

Draft apphration.

2 The poat of divereion of the required water will be
Frated, |, 8nd 1s <hown approximately n the
map sttached by the Jetter |

A The propoer1 powrr station wall be Incated at, |,
ond o phiawn approximately at the point |
n the map attarhed

1 unierstond that the whole of the water utilized
rhall be returned to

81 the Jocatinn desenibed 1 elause 3 above without
pollution ar dimmution exeept unavorlable Joss from
aheorptic o or ey aporation
6 The amouns of water 1t 1 proposed to divert in the first
cusces, (4)

inrtance i ontnuoush
Iha ontinuensly or .
Frventually st s propossd to dinert
% The head o be utilzed 1 approximstely, ., . ......
fect

=~ oa

U (a) Nature of etoragc works (uumnry dam, carthen
bund, ),
{h) Capacity of etorage wnrk
(¢} Lotation of ntorage work,
1) Height of dam will be
() ' T L will be
dam
OM W L wlb . feet
() The matcnal to bo used 1 1o the dam wafl be
() Thearcasubmergedatl’ T L will be appmxnmatcly
vevea. Bquare milca,
(1) The area submerged at M W L will bo approxi-
mately . .....square mies

.. .milion ¢. ft
. feet.
feet above bed at aite of

O]}
)
)

10

11, Ownenlup of Land,

(a) Diversion work

(b) Open channel

(c) Forebay

{d) Pipo bimo

(¢} Generating atation
12,

13. It is agrocd that Brtish Standard pressures and fro-
quencies will Lo used oxclumvcly and that, beforo

183

Notes on tho Dralt.

Here give particulars of any obscrvations with results on dis-
charge of the stream or source of which 1t 19 proposed to utihize
the water.

Nome of stream

Here stato miuimum and munimum discharges required and
pertods (yeatly and daily) for which they are required.

State whether the unatilized flow of the streanywill be stored if
neeessary and if so, whether 1t wull bo impounded by the diver-
aion dam or by a scparate work,

1f 1t 13 proposed to construct 3 man storage work particulars
should be given.

Depth and Leight to be those above deep bed at sito of dam.

State whether the areas given above have been obtained from
an getual survey or from a Survey of India Atlas or Standard
sheet.

State ownership of land (Government, Zamin or private) sub-
merged at F. T. L. giving upprox:mnte aress.,

Btate tup of land
private) at M. W. L. giving nppmximute area.

State if it is desired that the Government of. ...,
shall acquire under the Land Acquisition Act, 1804, any of the
areas enumerated in (5) and (k) above, giving reasons for this
request.

If it is proposed to construct regulating storage works {not
inctuded under head 9 and other than a forobay) etate their
posttion, ndture and capacity approximately.

Zamm or

Stato for what purposc or purposes the power is to be generated.
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Draft appheation, Notes on the Draft

tenders are called for, a deseription of the plant
required will be furnished to His Majesty’s Trade
Commiasioner 1 Indis, in order to ensure that
opportunuty is given to Bntish firms to tender;
aleo that the date up to which tenders may be
received shall be so fixed as to give firms in the United
Kingdom time to submit their tenders.

14. It is understood that I may not sell,sub-lease, mortgage,
transfer or asugn m any way, any rights or obliga.
tions that may be granted to or mcurred by me except
with the written consent of the Government of, , , .

15. The following periods from the date of the grant of the
concesmon are required for the following purposcse—

{a) To form a company........
(1) To comnience construction of wcxk!
(c) To generate clectrical cnergy .,
(d)} Froe water, . vviurianennnns .

Signature of applicant.

Date of application.

Application received by Government on, . ..veuvrnvnn.n.

Note —It is not cxsential that every item in thiy forn hall bu
fully and complctedy filled 1n, Whero exact details aro
wanting tho fact may be etated.
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